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Abstract. Great variations in fertility constitute one of the major findings of this project to our knowledge of the demography of the past.  In the Ancient Americas (that is, more than 1500 years ago), fertility seems to have been surprisingly low (gross reproduction ratio, GRR, =2.3), and the brake on explosive population growth was fertility rather than mortality (life expectancy at birth, e0, =34 years).  Consequently the ancient demographic regime was a relatively low-pressure system.  A high-pressure system of high fertility and high mortality dates from the middle period,  1500 BP - 500 BP (before the present).  Characteristic of only simple horticulturists in ancient times, a high pressure demographic regime seems to have become more general during the middle period, intrinsic to both complex agrarian systems as well as foragers and fishers (GRR=3.0 and 2.8, respectively).  Agriculture was not the engine of demographic transformation in pre-historic America because non-horticulturists also experienced a substantial rise in fertility.  A second great demographic transformation began 500 years ago with the intrusion of Old World populations and technologies.  While these changes were sweeping, indeed many peoples were thrust to the verge of extinction, the fundamental demography of the survivors did not change greatly.  The old demographic regime persisted into the nineteenth-century, if the picture developed here from the osteological evidence is trustworthy.  Likewise, African-American demographic systems seem to have been under high pressure: very high fertility and high mortality, with the highest pressures characteristic of the free.  European-American demographic systems, as measured here, were decidedly low pressure, with relatively moderate mortality and moderately higher fertility. 

Introduction.  Life chances in ancient times were not as short as commonly thought, if the Health and Nutrition in the Americas database is a reliable guide. This osteological collection, one of the largest, most diverse ever assembled with more than 12,000 skeletal samples from some 65 sites stretching over a period of four millennia, reveals substantial variation in fertility, as well as life expectancy.  From a millennial perspective three great demographic regimes emerge from these data: a low pressure system in earliest times (7000  – 1500 years ago), a high pressure system in the classic era (1500 - 500 BP), and finally, over the past five hundred years,  ethno-culturally diverse systems with the merging of Old and New World biospheres.  The Health and Nutrition database is also useful for addressing the impact of the emergence of agriculture on population as well as illuminating the continuities and change between high and low pressure demographic systems.  Finally, the vast scope of the Health and Nutrition data encourage the researcher to take into account fertility, an important subject bioarchaeologists have only recently begun to explore.  Fertility, presumed to be unchanging and unfathomable, emerges from these data as the clearest window for viewing the demography of archaeological populations as well as a surprisingly dynamic component of demographic equations, ancient and modern, alike.  

Fertility-centered paleodemography.  The most important breakthrough in paleodemography in recent years is the recognition that fertility influences the age distribution of deaths much more than mortality.  Reading ages from skeletal data reveals much about fertility but little about mortality, or what paleodemographers once called "life expectancy" (i.e., average age at death; for critiques, see: Sattenspiel and Harpending 1983; Johansson and Horowitz 1986; Milner, Humpf and Harpending 1989; Paine 1989; Wood, Milner, Harpending and Weiss 1992; Johansson 1994; Buikstra 1997).  This notion is so counter-intuitive that some specialists tenaciously resist the idea that age distributions of human populations, including osteological ones, tell more about fertility than mortality.  

The reasoning of fertility-centered archaeological demography is more biological than demographic.  Imagine a conventional population pyramid with the eldest at the peak, and the youngest at the base.  In mammalian populations, the rate of dying is greatest at the base and peak of the pyramid, killing the young and the elderly in greater proportions than other ages.  In contrast, fertility strikes solely at the base of the pyramid, at the instant of birth.  Since deaths may occur at any age and births occurs only at a single instant, the force of fertility is concentrated at a single point whereas the force of mortality is dissipated over many ages. High fertility leads to “young” populations, which take the shape of a broad-based, steeply peaked pyramid.  Low fertility produces “old” populations, with the age “pyramid” nearly rectangular.  Thus, if the paleodemographer is to compare age distributions, fertility offers a larger target than mortality. 

This elementary demographic fact, which continues to confound old-fashioned paleodemography, can be readily demonstrated by means of an illustration.  Compare mortality effects on age structure in Figure 1 with those of fertility in Figure 2.  In Figure 1 mortality is allowed to vary with life expectancy at birth ranging from 20 to 50 years, but fertility is held constant.  In the left panel, fertility is fixed at a gross reproduction rate of three female children and in the right at four (average completed family size of six and eight children, respectively).  The differences in age structure in each panel are small.  Indeed, they are scarcely perceptible between five years and fifty.  This poses an obstacle for conventional paleodemography because these are precisely the ages at which the bioarchaeological evidence is best.  This same point may be demonstrated with percentages for a single age group.  Model life tables show that when life expectancy at birth is 20 years and fertility is constant (GRR = 3 female children), 12.1% of deaths between age 5 and 49 occur at ages 35-39.  When e0 is 50 years, the percentage declines to 10.5.  In other words, a 150 percent increase in life expectancy at birth yields only a 15% decline in the proportion of deaths at age 35-39.  In contrast, with a gross reproduction ratio of 2 (female) children and life expectancy at birth of 20 years 13.6% of all deaths between ages 5 and 49 occur at ages 35-39. With mortality held constant and the fertility ratio at 3 (an increase of 50%), the percentage of deatha shrinks by one-third to 9.0. Typically, fertility effects on age structure are several times greater than those of mortality.  Often age structure effects of a thirty-year improvement in life expectancy amounts to less than a shift of one child in the gross reproduction ratio.

Figures 1 and 2 near here

This example for a specific age group and those in Figures 1 and 2 for a range of ages shows that the force of mortality is weak, with little discrimination between age distributions. The fact that the labels in Figure 1 blot one another out illustrates how nearly identical the various distributions are—at the ages of greatest interest to paleodemographers, 5-49 years. Within each panel of Figure 1 there is little variation in age structure, even though life expectancy varies from extremely low to moderately high. 

In contrast, fertility effects are substantial, as seen in Figure 2.  Here mortality is held constant, and fertility is allowed to vary from moderately low (GRR=2) to extremely high (GRR=6).  In the first panel life expectancy at birth (e0) is fixed at only 20 years, while in the second e0 is set at 50 years (moderately high).  These panels show that high fertility increases the proportion of deaths at young ages, while low fertility increases the fraction at older ages.  Comparing Figures 1 and 2 confirms that fertility offers the more alluring target to the paleodemographer, while mortality offers almost no target at all.  It is also important to note that fertility-centered paleodemography is possible even where skeletal data for children are biased or wholly absent.  Because of its powerful effects, fertility may be inferred even where only a portion of the age structure is known, such as that for adults, as shown by Figure 2.

However counter-intuitive the notion may be, it is a demographic truism that fertility rather than mortality determines the age pattern of deaths in a stable population.  Common sense tells us that the age structure of deaths is completely determined by mortality, but common sense is wrong.  Although paleodemographers have taken advantage of this elementary demographic truth at least since the mid-1980s (Sattenspiel and Harpending 1983; Johansson and Horowitz 1986; Horowitz, Armelagos and Wachter 1988), some continue to use the now discredited average age at death statistic.  The rule is simple: higher fertility reduces the mean age of human populations; lower fertility increases it.  Age structures obtained from osteological populations may be made to reveal much about fertility in the past, but rather little about mortality, at least directly.  For the paleodemographer interested in mortality, not all is lost.  On the contrary, much is gained.  In addition to learning a great deal about fertility, the paleodemographer can still deduce mortality and life expectancy, although it must be done indirectly.

Life expectancy by indirection.  While fertility can be estimated directly from the age distribution of a collection of skeletons, mortality requires an additional bit of evidence, unobtainable from the age data: an estimate of the population growth rate.  With fertility estimated from the age structure and growth rates obtained from settlement data, mortality can be readily deduced by subtraction (Johansson and Horowitz 1986; Horowitz, Armelagos, and Wachter 1988; Paine 1997a).  In this chapter growth rates provided by the osteoarchaeologists for the Health and Nutrition in the Americas database are used to estimate mortality levels and life expectancy.  Note that the reported range of growth rates in the database is surprisingly narrow.  Few exceed 0.5 per cent per year.  How these rates were determined is not indicated in the database, but they are used here to derive estimates of crude death rates. Note, too, that when the population growth rate is zero, life expectancy at birth may be readily approximated by the reciprocal of the crude birth rate.  When this is not the case, a proportional adjustment is required.  Table 1 offers a guide for deriving life expectancy from the crude birth and growth rates.  With Table 1 the reader can consider a range of mortality levels, different from those proposed here, by simply hypothesizing alternative rates of population change, including negative rates as well as no change at all.  

Table 1 near here

Table 1 suggests a way of using the most reliable paleodemographic indicator available, an estimate of fertility, and deriving other demographic statistics from it. The approach is crude, but it is appropriate for the quality of the data and the suppositions required.  The first step is to identify fertility levels from the osteological age distribution and use these to derive crude birth rates (upper panel).  Then, in the lower panel, birth and growth rates are combined to derive life expectancies.  For example, if an age distribution of skeletal material points to a gross reproduction ratio of roughly 3.4 children, the upper panel of table one yields a crude birth rate of 50.  Then if other archaeological data suggests that the rate of population change was zero, this is a stationary population and life expectancy at birth is approximately the reciprocal of the crude birth rate, here 1/.050, or 20 years. In cases where the inferred growth rate is not zero, the lower panel in Table 1 offers a chart for inferring life expectancy at birth (crude death rates are derived by subtracting the rate of natural increase from the birth rate).  Thus, if the estimated GRR is roughly 3.0 and the presumed annual rate of natural increase 1%, then the table points to a crude birth rate of 40 (a death rate of 30 is obtained by subtraction), and a life expectancy at birth of 33 years.  

The table offers a wide range of combinations for deriving coherent estimates.  An even-wider range of combinations may be obtained from model life tables.  Here, I follow the lead of Johansson and Horowitz (1986:235, 238 note 1) in using Coale and Demeny's female models for region West.  Region West model tables offer the "best case" scenario, with greater proportions of deaths at mature adult ages than found in tables for East, North or South regions.  Alternatives to the Coale and Demeny models exist (see Preston, McDaniel and Grushka 1994; Paine and Harpending 1996; Bocquet-Appel and Bacro 1997), but differences between the various systems are slight, indeed, much less than the effects of mortality, which, as we have seen in Figure 1, are virtually imperceptible.  Note that using female tables, instead of the technically correct average of male and female model death distributions, inflates fertility estimates by a small fraction (5-10% for the gross reproduction ratio).  

The uniformitarian challenge.  Whatever system of stable population parameters is used, the uniformitarian hypothesis, that historical and paleopopulations experienced broadly similar demographic regimes, is assumed (Howell 1976; see also Hammel 1996).  If one accepts this hypothesis, then model life tables derived from modern populations are appropriate for calibrating ancient osteological series.  

Nevertheless some researchers argue that skeletal age patterns depart substantially from model data (Weiss 1973; Lovejoy et al. 1985; Mensforth 1990; Bocquet-Appel and Bacro 1997; Meindl and Russell 1998).  In this view, the "survival curve" peculiar to paleodemography contrasts starkly with curves for "technologically and economically advanced societies" (Mensforth 1990).  Others see a lack of "immunological competence" in paleopopulations as a possible explanation for such peculiarities (Howell 1982; Lovejoy et al. 1985).  Still others argue that models based on a world without smallpox ("post-Jennerian mortality") could not possibly describe pre-Jennerian populations (Bocquet-Appel and Bacro 1997), although it seems unlikely that paleopopulations ever experienced the ravages of density dependent contagions such as smallpox.  

Those who question the uniformitarian thesis invariably describe mortality as the sole determinant of age structures.  Since as we have seen that it is fertility that fixes the age structure of a stable population, the uniformitarian challenge is misdirected.  Fertility curves for homo sapiens have probably not varied greatly over the millennia.  Biology determines that child-bearing will begin around age 15 for human females, peak at middle age, and end around age 45 or 50.  Fertility patterns vary greatly from society to society, but there are probably none where fertility peaks before the age of twenty or after thirty-five.  Fertility rates may vary enormously from year to year, particularly for small populations, but stable populations, large or small, do not vary—by definition.  

Demography offers alternatives to stable population analysis from quasi-stable to chaos theory (Keckler 1997; Bonneuil and McCaa, unpub. ms.).  Population systems are dynamic, yet age structures are remarkably sensitive to fertility.  A quasi-stable system, where fertility remains constant for as little as a quarter of a century even with substantial year-to-year variation, will mimic stability.  Paleodemographers are only just now beginning to consider non-stable possibilities so these methods are too untried to be considered here.  

Other researchers maintain that the peculiar age distributions of osteological populations could be due to errors in the aging of specimens (Howell 1982; Gage 1988; Jackes 1992, 2000; Paine 1997b).  Aging of skeletal material continues to be a contentious issue (Meindl and Russell 1998; Jackes 2000).  For this study, investigators developed dental ages, minima, maxima, and summary ages.  Then, for the construction of the Health and Nutrition Index, these ages were adjusted for each site, adding seven year to individuals originally scored as forty years and older, and seven additional years at sixty and above.  Although I did not make this adjustment for the paleodemographic analysis, their effects are easily visualized.  Stretching the age-distribution to older ages, as proposed, reduces fertility.  The actual magnitude of this adjustment on estimated gross reproduction ratios as derived below is a ten to fifteen percent reduction in fertility, a rather small adjustment given the orders of magnitude of our results.  

Hazard models and “faux” hazard rates.  Proportional hazard modeling is widely recognized among paleodemographers as an important methodological breakthrough for the discipline (Gage and Dyke 1986; Gage 1988; Konigsberg and Frankenberg 1992; Meindl and Russell 1998).  Proportional hazard modeling is the method of choice for paleodemographic analysis because of its wide use in the biological and social sciences (STATA 1995).  Hazard rates are much less volatile than simple, and commonly used, proportions of deaths at specific ages.  Computed from successive cumulative totals at each age, hazard rates offer a partial solution to the problem of small frequencies for single-year ages.  Hazard rates also smooth digit preferences often apparent in skeletal collections (osteologists favor even ages over odd, and ages ending in five and zero above all).  Hazard rates are comparable to statistics derived from model life tables, if the stationarity assumption is accepted.  Gage (1988) notes that the hazard rate is nothing more than the life table function mx, or central death rate (the average annual number of deaths from age x to age x+n divided by the average population alive during the interval defined by x and n). 

"Faux" hazard rates might be a more accurate characterization because they are derived solely from the cumulation of deaths rather than true rates computed from deaths in a population at risk of dying and with a known age structure. We do not know the age structure of osteological populations.  If paleodemographers are to exploit hazard analysis they must first accept what I have dubbed the "whopper" assumption: that empirical age profiles of skeletal populations are representative, valid, and comparable to model population death profiles (dx).  The whopper assumption provides the basis for computing hazard rates.  By accepting the whopper assumption, paleodemographers suppose that the skeletal population studied is in fact not only stable, but stationary.  The same assumption must be made for model populations, if the comparison between observed and model data is to be fair.  If my reading of the recent paleodemographic hazard rate literature is correct, researchers compare observed data transformed by the whopper assumption against untransformed mortality quotients from model populations.  It must be noted that criticism directed against the use of the mortality quotient (qx) by paleodemographers is equally applicable to the central death rate (mx), or faux hazard rates. In this paper faux hazard rates are computed for deaths ascribed to ages 5, 15, 25, 35, and 45 and above.  Deaths at other ages are ignored to reduce bias due to deposition, recovery, and mis-classification.

Hazard rates, whether real or faux, are not the research objective of the paleodemographer.  Instead the goal is to compare the observed pattern of hazard rates with those from model stable populations.  If a good fit between the two can be found, or as some would have it, if the observed data can be "shoehorned" into a model pattern (Paine 1997b; Meindl and Russell 1998), then the demographic parameters from the model population are presumed to apply to the empirical population.  I computed proportional hazard functions from the age distribution of skeletons for each site in the database (limited to ages 5, 15, 25, 35, and 45, as noted above) and compared those against 120 stable population models. Gross reproduction ratios of 2, 3, 4, and 5, at 0.1 intervals, were tested along with life expectancies at birth of 20, 30, 40 and 50 years, at 10 year intervals.  The fact that ten times as many birth as death scenarios were considered simply reflects the more powerful effects of fertility over mortality.  8,060 fittings were assessed for the sixty-five grouped sites, not counting experimental fittings for other model life table regions, smaller increments, extended ranges, alternative groupings, two-sex death distributions (instead of female only) or standard datasets such as those for ancient Athens, the Pearson complex, the Ward Site, and so on.  

Too many good fitting models.  Good fitting models were found for each of the 65 grouped sites.  In fact, anyone seeking a single best fit will be disappointed because there are too many good fitting models.  At the conventional .05 level, almost 24% (1,888 models) fit.  This figure is exaggerated by the fact that if there is a good fit for one level of mortality, there is probably a good fit for one or two others.  Dividing the number of good fits by four (the number of mortality levels) still leaves an average of ten pretty-good fitting models per site.  If our standard is raised to the 0.5 level, the total number of good fittings contracts to 675.  At the 0.95 level 68 model populations fit the osteological data for 65 grouped sites.  All sites yield at least three pretty good fitting models.  Two thirds of these are at the 0.8 level or higher.  For almost all sites, there are at least three fits at the 0.6 level and higher.  The average goodness of fit of the best model exceeds 0.9 for the 65 grouped sites, 0.8 for the second best, and 0.7 for the third.  

The plethora of good fitting models is not a problem.  The three best fitting models for each site tend to cluster in an exceedingly narrow range. Indeed, mapping the fittings with mortality running north-south (life expectancies of 20-50 years), fertility ranging east-west (gross reproduction ratios of 5-2 female children), and p-values flowing over the surface (0-1) produces an image that closely resembles the plains and peaks of South America, with its expansive Atlantic coastal plateau, broader Andean atliplano and narrow Pacific shelf.  The eastern lowlands are made up of thousands of zero or near zero p-values of poorly fitting models.  The western peaks correspond to the hundreds of high p-values.  The eastern flatland of zero p-values is about twice as large as the western highlands.  Most of the peaks fall nearer the Pacific, because gross reproduction ratios of 2-3 children characterize most of the better fitting models.  For only three sites do gross reproduction ratios exceed 3.5.  None fall below 2.0. Mountains, made up of p-values of 0.9 or higher, cover less than 2% of the surface.  The range of peaks does not run true north-south, because mortality effects on age structure are curvilinear.  

P-values do not form a single peak for any site.  In every instance the effects of mortality are too slight to force the emergence of a single, dominant peak, even where the site yields several hundred well-preserved specimens, such as nineteenth-century Bellville, Ontario.  

The case of Bellville, Ontario.  Bellville exemplifies the nature of the paleodemographic puzzle.  This site provides one of the largest osteological collections in the Health and Nutrition database.  Fortunately, the principal investigators, Saunders, Herring,  Sawchuk and Boyce, went beyond the skeletal evidence to consider historical sources, including high quality parish books and manuscript censuses.  

The conventional paleodemographic method, computing the average age of death for the skeletal collection, yields a "life expectancy at birth" of 19.4 years for Bellville.  36.5 years is the answer favored by Saunders and her colleagues, obtained using historical demographic methods.  Their historical life table is constructed from authentic age-specific death rates computed by means of ages at death from parish burial books and the age structure of the population from a population census (Saunders et al, 1995:104-110).  

Proportional hazard models of the Bellville osteological data confirm these findings and also contradict conventional paleodemography.  Figure 3 and those that follow are designed to allow the reader to assess the range of good fitting models.  Goodness of fit is measured on the vertical axis, and fertility on the horizontal.  Instead of an abstract symbol to pin-point each good-fitting model, life expectancy at birth in years is used to emphasize the seemingly random effects of mortality on the fittings.  Zero p-value models and those less than .05 are omitted, but the reader may mentally insert them by imagining “20”-“30”-“40”-“50” overprinted at intervals of 0.1 along the base of each graph, except where a non-zero p-value is already plotted for that level of fertility.   As in Figure 3, it will be seen that life expectancy points scatter over the surface of the graph in a chaotic pattern, while good fitting fertility constraints cluster within a narrow band.  For Bellville, the three best fitting models (P> .95, .93, and .82) point to a narrow range of fertility (gross reproduction ratios of 3.0, 3.1, and 3.4, respectively).  In contrast, life expectancy spans thirty years (20, 40, and 50 years, with 30 a close fourth at P>.74). Figure 3 shows that eighteen models fit at the conventional level of p=>.05 and 106 do not fit.  Two-thirds of the good fitting models are defined by gross reproduction ratios of 3.0-3.3. The mean is 3.16.  Differences in goodness of fit are not statistically significant.  Choosing one good-fit over another is arbitrary, unless other demographic evidence is taken into account.  

Figure 3 near here

A more precise mortality estimate for the Bellville skeletal data is possible but it requires additional information, specifically the rate of natural increase.  If the conventional paleodemographic assumption that the annual growth rate (r) was zero is accepted, the crude birth rate is readily derived from the gross reproduction ratio (see Table 1 above).  A gross reproduction ratio of 3.0 is equivalent to a birth rate of about 48 per thousand.  When r is zero, life expectancy at birth is the reciprocal of the crude death rate, here 1/.048 or 20.8 years, a figure that closely approximates the mean age at death in the skeletal collection.  

Bellville's growth rate was not zero.  Bellville was a fast developing frontier community, although the precise rate is unknown, as Saunders and her co-authors point out in a subsequent chapter in this book.  If we accept the finding from historical demography that life expectancy at birth was truly 36.5 years, and from paleodemography that the gross reproduction ratio was approximately three, then the annual rate of natural increase was 2.0 or 2.1% and the crude death rate was 28 or 27 per thousand.  From Table 1, we find that a crude birthrate of 50 and an annual growth rate of two percent are associated with a life expectancy of birth of 34.  Since the crude birth rate is estimated at 48, we may interpolate a figure of 36 years for life expectancy of birth. What the Bellville data show is that where the age at death data are of good quality and the growth rate is known, both historical and paleodemographic methods lead to the same answer (e0=36 years in this example).  Such precision is possible when a population growth rate can be estimated, even approximately.  For Bellville, we may conclude that fertility was high, and since the rate of natural increase was high, then mortality was only moderately high, in historical terms.  Therefore, life expectancy was moderately low.  For paleopopulations, this may be the best that one should hope for.

Age ratios. A summary measure, such as age ratios, may yield more convincing estimates than methods requiring detailed age data such as proportional hazard analysis (Buikstra, Konigsberg and Bullington 1986). Paine and Harpending (1996) calibrated age ratios with stable populations and concluded that they were less robust than life table fittings. However their simulations considered only very low fertility populations (crude birth rates ranging from 16 to 33) and left the problem of bias in the recovery of skeletal material at the youngest and oldest ages for a separate essay (Paine and Harpending 1998). Unfortunately, the smaller the skeletal population the greater this bias is likely to be, and the greater the correction factor the more likely the results are a function of adjustments for error. 

The Buikstra ratio, defined as deaths age 30 years and over (30+) divided by deaths aged 5 years and over (d30+/d5+), has much to recommend it, including simplicity of computation, but it should be understood that this ratio is nothing less than a survival function, 25p5. The ratio is readily transformed into the proportional hazard 25m5. Thus redefined, tests for goodness of fit are easily calculated, and confidence intervals directly computed (which, in turn, reveal that the "comparison intervals" of Buikstra et al. are overly conservative, although probably more robust for small samples). Note that for this method to work the researcher must embrace the whopper assumption.

Bocquet-Appel and Masset (1982) designed a slightly different ratio, deaths aged 5-14 divided by deaths aged 20 years and over (d5-14/d20+).  The strength of this ratio is that it minimizes the effects of aging errors for young adults. The authors also constructed their ratio to be sensitive to the effects of fertility on the age distribution of deaths, apparent in stable populations. Indeed, theirs is much more sensitive to different levels of fertility than Buikstra’s.  Unfortunately confidence intervals are not as readily estimated.  

The strength of age-ratios methods—only two bits of data need to be reliably measured—is also their principal weaknesses—other bits of data are ignored.  Here, proportional hazard models are used instead of age ratios in an attempt to elicit as much information as possible from the skeletal data.  It seems to me that multiple points of reference, even though they are only five (5+, 15+, 25+, 35+, and 45+) as in fitting hazard models are preferable to two points of comparison provided by age ratios.  As a matter of methodological curiosity I have posted my analysis of age ratios at: http://www.hist.umn.edu/~rmccaa/paleodem/index.htm.   

Paleodemography of the Americas.  Paleodemographic estimates for 65 sites are summarized in Table 2.  Gross reproduction ratios and p-values of the three best fitting models provide the basis for deducing crude birth rates, which, in turn, are coupled with crude growth rates reported by investigators, to derive crude death rates and life expectancies at birth.  In the tables, figures and analysis that follow, data are divided chronologically into three periods:  ancient (-1500 BP), classic (1500 BP – 500 BP), and historical (1500 AD-).  The first two periods are analyzed by settlement type—foragers, villagers, and townsfolk—and the historical period by ethnicity:  Native American, European-American, and African-American.  

Table 2 near here

Table 2 reports three fertility constraints for each site to emphasize the arbitrariness of selecting a single, best fitting model.  Life expectancies from any other than the best fitting models are deliberately excluded from the table to foil attempts to "read" mortality from osteological age distributions.  The traditional "mean age at death" pseudo-statistic is omitted for the same reason.  The “best” estimate of life expectancy at birth, derived from the best fitting fertility model and the best guesstimate of the population growth rate, is found in the last column of the table.   Where no growth rate estimate is given, no life expectancy is computed.  To aid the reader in gauging the strength of the estimates, both the total number of cases and the number of those aged five years and over are reported in Table 2.  Note that the paleodemographic analysis of the Health and Nutrition in the Americas data is based on the latter figure, as is the discussion that follows.

Fertility.  The narrow range of fertility estimates for individual sites is striking, but one should not place too much confidence in the absence of variation.  No variation at all is found among seven grouped sites contributed by Walker, but none should be expected because 68.6% of the specimens are assigned a single age, thirty-five years.  Accounting for one-third of the database population aged five years and above, these sites are excluded from further discussion in this chapter, although their results are reported in Table 2.  

Of the remaining 58 sites, 38 (66%) report fewer than 100 individuals aged 5 years or older (see Table 2).  Demographic estimates from these small collections are particularly conjectural.  Fourteen of the seventeen sites with the lowest fertility (82%) are represented by meager collections.  If the data and analysis are to be trusted this suggests that low fertility is associated with tiny sites (or collections).  The only truly large collection (n>125) with low fertility (GRR=2.0-2.1) is the ancient Mesoamerican population at Tlatilco (~3100 BP).  

The correlation between low fertility and size should not be surprising.  In the demographic lottery of the ancient world, small communities had more to gain, and to lose, than larger ones.  The discovery or development of a new ecological niche could lead to a baby boomlet, the incorporation of outsiders, or the retention of the native born.  Micro-communities were as easily extinguished by the sudden exhaustion of food supplies, the loss of a water supply, mass violence, an outbreak of botulism, or simply a hiving-off to a more promising site.  Smaller populations were both blessed and cursed by greater variability in underlying demographic dynamics.  If small populations were to survive, better than average mortality was required.  Yet, as we shall see below, life expectancies of 30 years or more were uncommon for all sites, both large (19%) and small (23%).  

Moderately high fertility was the norm in the collection as a whole (average GRR for the three best fitting models for 58 sites=2.9 female children), but given the great variety of sites an overall average is meaningful only for establishing a yardstick.  

Ancient American fertility. During ancient times lower fertility was the rule (Figure 4).  Lowest fertility characterized sites from more than 1,500 years ago (GRR=2.1-2.3, pooled data).  The great transformation in fertility came 1500 years ago, when fertility seems to have increased almost by half (GRR= 2.9).  Grouping sites from more recent times into classic (1500 BP - 500 BP) and modern (500 BP - present) reveals a great plateau over the past 1500 years (GRR=2.8-2.9). The critical variable seems to be time itself.  Resource base and settlement type are less significant.

Figure 4 near here

For ancient America, strikingly absent is the hypothesized association between higher fertility and horticulturally complex societies.  Low fertility (GRR=2.2) characterized both foragers and horticulturalists in ancient times (n=356 and 749, respectively).  In classic times, the hypothesized relationship exists, but the differences are slight (2.8 vs. 3.0, n=143 and 1,467).  Fertility variations were minimal or non-existent between communities that exploited some domesticated plants versus those that cultivated corn or potatoes, regardless of period.  If the spread of agriculture caused a demographic impact it may have come nearer the beginnings of the development of horticulture rather than with the emergence of complex systems.  The critical difference in demographic regimes in the Americas, in contrast to the Old World, seems to have been between societies with no domesticated plants and those with some (GRR=2.2, 3.0; n= 356 and 134, respectively).  The fertility of populations with complex cultivation technologies is similar to those with rudimentary horticultural practices.  This finding supports the thesis that agricultural "revolution" in the Americas did not lead to a dramatic rise in fertility or a swell in population growth rates.  Here the shift to complex horticultural systems was retarded by ecological obstacles, including day-length, posed by the North-South pattern of diffusion.  Additional osteological collections are needed to confirm this finding.  Then too, if evidence for Old World sites were re-analyzed with fertility-centered proportional hazard models, what would global comparisons of demographic transformations in ancient times reveal?

In the Americas, absence of domesticated animals is also associated with low fertility from earliest times (GRR=2.1 vs. 2.3, n=193 and 1,046) as well as during the climax period of Native American demographic development (GRR=2.7 and 2.9; n=175, 1,648).  In the historical era Native American fertility was highest for those sites where both European and American animals were exploited (GRR=3.0 vs. 2.7 for others; n=1,095 and 579).  Since fertility probably declined slightly for Native American groups wholly dependent upon New World animals, the most important fertility increase in the past 500 years is explained by the shift to the exploitation of Old World animal domesticates. The statistical effect is three times stronger than time (pre/modern), and ten times stronger than horticultural type (none, some, or complex--maize or potatoes, beans and squash).  Highest fertility among Native Americans for any period (GRR=3.2) is associated with the exploitation of European animals, particularly on the Great Plains where some agriculture was practiced, but none based on corn or potatoes.  Other contextual variables are weak in comparison to the effect associated with domesticated animals.  

Pooling the data by settlement type (Figure 5) reveals surprising fertility differences as well, but it is unclear whether settlement density has any effect independent of resource base.  Higher fertility is associated with village settlements (GRR=2.7), while both forager and urban groups are characterized by lower fertility (2.3-2.6).

Figure 5 near here

Historical fertility and ethnicity. Over the past 500 years, ethnicity seems to have become one of the strongest predictors of fertility differentials (Figure 6).  Historical Native American fertility (GRR=2.8-2.9), although high, was lower than that of African-Americans (3.1-3.3), but lowest of all was the fertility of European-Americans (2.4-2.5).  While this pattern might have been predicted from the historical literature, this finding for the historical period is useful for validating paleodemographic data and method, as we have seen in the case of Bellville.

Figure 6 near here

Fertility levels for African- and European-American ethnicities require a completely different explanatory framework than that for Native Americans.  Unequal access, rather than resource base alone, emerges as the principal determinant of fertility differentials in recent times.  For African Americans (n=765), the database is reducible to two collections:  Dallas, Texas (80.1%, n=613) and the rest (19.1%, n=152).  Among the former is found one of the highest fertilities for any community in the database (GRR=3.3).  Among the latter are the Free African American communities at Cedar Rose, Arkansas (site 3LA: GRR=3.1, n=59), the First African Baptist Church of Philadelphia (site FAB: GRR=2.5, n=46), and the Free Black Union Troops (3C9, GRR=2.6, n=19).  A single collection of South Carolina slave plantation populations (site 3C7, Remeley: n=31) seems to have been characterized by one of the lowest fertility levels in the database (GRR=2.1).  Extremely low fertility for African American slaves contradicts the long-held thesis of American exceptionalism, that alone among New World slave regimes continental British-America was the only one with high fertility (Steckel 1985).  However, collection 3C7 with its 31 specimens is a frail reed for contradicting such a widely-accepted, although not unquestioned, thesis (McDaniel and Grushka 1995).  Additional collections and probably the tools of historical demography will be needed to determine if low fertility was the norm for plantation slavery in southern North America.  

European American populations are also characterized by considerable diversity in fertility.  High fertility is limited to a single collection, Bellville, the only frontier community of any size in the database (GRR=3.1, n=284).  Most European American populations analyzed here are characterized by low fertility (GRR=2.0):  Rathbun's collection from crypts in Charleston, South Carolina ("cry", Circular Congregational Church, n=29), Sirianni's study of a Rochester, New York poor house (n=30), and Ubelaker's Quiteñan elites from both the early colonial and national periods (n=91 and 53, respectively, for the Church of San Francisco).  A third collection from the same site, from the late colonial period, suggests somewhat higher fertility, but the size of the collection is small (n=31).  Soldier outposts in North America seem to have come from moderately higher fertility populations (GRR=2.7), according to this analysis of Sledzik's collections from Ft. Laurens, Ohio (late 18th century, n=44), Snake Hill (early nineteenth century) and Glorietta Pass (confederate Army, n=39).  Fertility levels derived from European American skeletal populations are difficult to relate to the findings from historical demography on the same subject.  Historical studies are many, and they are often founded in the study of large populations covering decades or centuries.  In contrast paleodemographic collections, including those in the Health and Nutrition database, are rather modest in size.  

Mortality and life expectancy.  Mortality estimates for skeletal populations are more speculative because they depend upon both the accurate interpretation of the osteological evidence as well as independently derived growth rates.  As we have seen, with these two bits of information, crude death rates are readily derived, with no loss of accuracy--or gain.  To compute a life expectancy in this way requires the simplifying assumption that the age structure of the population is not abnormal, but this assumption is less stringent than the stability postulate required for deducing fertility.  

With these assumptions the population balance equation is complete: low fertility coupled with a positive growth rate yields similarly low mortality just as high fertility and low growth implies high mortality.  Since most growth rates in the database are near zero, mortality estimates for these sites will not depart greatly from the reciprocal of the estimated crude birth rate.  After a discussion of life expectancies based on best guesstimates of growth rates, sensitivity to alternative rates of growth will be examined using the method summarized in Table 1.

"High" life expectancies at birth, of 40 years or more, are rarely found in the Health and Nutrition database.  There are only three examples for the pre-historical period, all with low fertility (GRR=2.0:  site Lat, North Ecuadorian Coast, 2050 BP, n=45; CUI, Mesoamerica, 1850 BP, n=108; and LNC Ceramico, 1200 BP, n=22).  For the historical era, high life expectancies emerge for only one African and three European populations, all with low fertility (GRR=2.0, sites: Ubelaker, 16th and 19th century Quito, n=91 and 53; Rathbun, 19th century European-Americans at Circular Congregational Church, Charleston, South Carolina, n=29 and slaves at Remeley, n=31). 

"Moderate" life expectancies (e0=30-37 years) are rare in the collections studied here, limited to five populations from ancient Meso- and South America—four from 3000 or more years ago, and one from 1850 years ago. The Classic era (1500 – 500 years ago) seems to have been an age of relatively high mortality.  Of twenty sites studied, only one yields a life expectancy of thirty years or more and that estimate is based on 22 skeletons (LNC Ceramico).  For the historical era, there are three additional examples with moderate life expectancies: a Native American population (3AM, Oneata, Arikara, 418 BP, n=31), and two European-American populations (Bellville, Ontario and the Glorietta Pass collection, n=39). Low life expectancies are the norm for paleodemographic populations and that is the rule in the Health and Nutrition database, even with proportional hazard methods.  25.4 years is the average life expectancy at birth for sites where growth rates have been supplied by the investigators (4,736 cases). Ancient Americans were the longest-lived, according to the methods used here, averaging 34 years.  This figure is based on 1,020 skeletons from sites occupied 1,500 years ago or more.  The great discontinuity in mortality occurred, not 500 years ago with demographic catastrophe following the collision of the European and American biospheres, but more than a millennium ago with a startling fertility transformation discussed above.  For the period 1500-500 BP, average life expectancy was 23 years, about one-third less than in ancient times (n=838).  In the historical era, the osteological data suggest a slight decline to 22 years for Native American populations (n=1,602) to the same level as for African-Americans (n=765).  In comparison the average for European-Americans approached 30 years.  

These averages conceal substantial differences from earliest to modern times.  In ancient times, the emergence of cities seems to have occasioned a fall in life expectancy (e0=21 years), but there was no penalty for villages or towns (e0=33 years or more).  In classic times, life expectancy was substantially reduced for all settlement types (e0=23-25, n=650) but the worst conditions continued to be associated with urban centers (e0=20, n=178).  If, however, one postulates an overall quickening of growth rates during classic times and accepts the fertility estimates presented here, then mortality conditions perhaps did not worsen as much as suggested by these life expectancy figures.  

With the clash of the biospheres from 1492, "normal" mortality did not worsen significantly for Native Americans, according to the skeletal evidence (e0=23, 22; n=838, 1,602, respectively), unless one postulates worse "growth" rates than those provided by the site investigators.  Catastrophic mortality, such as that caused by exogenous epidemics (e.g., smallpox), leaves little imprint on bones nor on the age distribution of skeletal remains, and consequently cannot be assessed by these data.  

For African-Americans, higher densities were associated with higher mortality (e0=21 years for Dallas, Texas, vs. 29 for others), but this was not the case for European-Americans, if the skeletal evidence and growth rates are accepted at face value.  Life expectancy for European Americans was remarkably uniform, regardless of settlement type. .  If life expectancy was better in Bellville (36 years) than for other urban and village settlements, the differences were slight (33 and 32 years, respectively; n=175 and 68).

Table 3 near here

If fertility establishes the foundation for deriving life expectancies, growth rates fix the surface contours.  Table 3 helps the reader to visualize these constraints and assess the sensitivity of life expectancy estimates to alternative growth rates.  For the first site in the table, KIT (Scuilli’s study of a late archaic Native American population), high fertility means that life expectancy at birth probably ranged between 13 and 31 years, if the rate of population change per annum (r) was within plus-or-minus two percent.  If r was zero, then e0 was 19 years.  Seventeen other sites display grim life expectancies of 20 years or less, when r is zero.  Under the best conditions (r=2%), thirty-five years was the upper bound; under the worst, the lower bound was 13 years (r=-2%).  Of twenty-one sites with high fertility (GRR=3.0 or greater), the best guesstimate of the growth rate points to a life expectancy greater than twenty-five years in only two cases, Bellville and the Arikara on the Great Plains (247 BP, WW7, n=125, grr=3.0, r=15, e0=30).

At the other extreme, low fertility populations with gross reproduction ratios of 2.0 (crude birth rates of 30), good estimates of growth rates are even more essential.  Otherwise, with growth rates ranging between plus or minus two percent, life expectancy balloons to a not very helpful range of between 20 and 100 years.  This is the case for thirteen sites in the database.  An additional eight sites with birth rates in the mid- or high thirties yield life expectancies ranging from 16 to 80 years.  Only with moderately high fertility, that is with crude birth rates in the 40s or higher, does the range of life expectancies contract to any significant degree (to a range of fourteen and fifty years).  

Table 3 demonstrates the critical importance of ascertaining a valid growth rate if an estimate of life expectancy from skeletal data is to be bounded by a reasonable range.  Fortunately archaeologists collect a great deal of material evidence with valuable clues to settlement history.   This handle opens the window on life expectancies that has proven so elusive to researchers who rely on the mean age at death.      

Conclusions.  Skeletal demography is as much art as science.  If it is to be done well, the findings of physical anthropology must be integrated with those of skeletal biology (Paine 1997a), otherwise only the fertility half of the demographic equation can be known.  Then too, fertility findings are less contentious because the methodological chain of reasoning is both shorter and stronger than for mortality.  

One of the major contributions of this project to our knowledge of the demography of the past is the uncovering of great variations in fertility.  In the Ancient Americas (that is, more than 1500 years ago), fertility seems to have been surprisingly low (GRR=2.3), and the brake on explosive population growth was fertility rather than mortality (e0=34 years).  Consequently the ancient demographic regime was a relatively low-pressure system.  

A high-pressure system, which we have long presumed to characterize much of antiquity, dates from the middle period in the Americas (1500 BP - 500 BP).  A demographic system of high fertility and high mortality, which characterized only simple horticulturists in ancient times, seems to have become more general during the middle period, intrinsic to both complex agrarian systems as well as foragers and fishers (GRR=3.0 and 2.8, respectively).  Fertility surged from ancient times by more than fifty percent for both groups, if we may generalize from the collections in the Health and Nutrition database.  Agriculture was not the engine of demographic transformation in pre-historic America because non-horticulturists also experienced a substantial rise in fertility.  Instead agriculture may have been the caboose.  Agricultural innovations may have occurred in response to rising demographic densities and shifts in scale.  

A second great demographic transformation began 500 years ago with the intrusion of Old World populations and technologies.  While these changes were sweeping, indeed many peoples were thrust to the verge of extinction, the fundamental demography of the survivors did not change greatly.  The old demographic regime persisted into the nineteenth-century, if the osteological evidence is trustworthy.  Likewise, African-American demographic systems seem to have been under high pressure: very high fertility and high mortality, with the highest pressures characteristic of free populations.  European-American demographic systems, as measured here, were decidedly low pressure, with relatively moderate mortality and moderately higher fertility.  For these more recent times, historical demography, because of the large volume of extant written records, may have more to teach about diverse ethnic systems than paleodemography due to the paucity of skeletal material (Shoemaker 1999). 
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