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Abstract

Central Mexico witnessed the development and florescence of Precolumbian Mesoamerican complex societies for over two thousand years, including several urban civilizations and centers of influential empires.  Using four skeletal samples that span the Mesoamerican sequence from an early ranked village to a Postclassic urban society,  we trace the health effects of living in such an arid highland environment. The small skeletal samples available here cannot provide more than hints as to quality of life, but comparisons with other Hemispheric samples indicate health problems are always present. There is moderate morbidity in the earliest, most simple society; however, as populations became more dense, urban, socially stratified, and militaristic, there is a general trend to greater burdens of morbidity through time as reflected in the various health indicators,.  Future research is needed to test the broad pattern of change portrayed here in this first attempt to look at the quality of life for all of Precolumbian Central Mexico.

Introduction

Mesoamerica has been an important area for archaeological research for some time.  Despite the amount of information that we have from these ancient societies, whether from small or grand monumental sites, our knowledge about their inhabitants is less developed:  how they lived, what they ate, what kind of health problems they had, or what kind of activities they developed.  We think that a helpful means of answering these questions is through the analysis of the way of life of these individuals.  Our approach is to study the skeletons, searching for the multi-causality of physiological adjustment with the material conditions of existence and lifestyle, which in turn shape culture, habits and habitat. We selected the Basin of Mexico for our analysis and applied the standard methodology developed for the overall Human Health and Nutrition in the Western Hemisphere Project.

The Basin of Mexico is a core area of one of a handful of  regions of the world where complex cultures seem to have arisen from internal social and historical processes alone and not as a result of imposition or stimulus from other regions.  It is also a place that witnessed the dramatic confrontation of biospheres:  the New  and the Old World, a place where civilizations literally collided and both sides emerged to tell the tale and eventually to found a new nation.  As a result, the Basin holds an important place in anthropological and historical investigation.1  The Basin has served and continues to serve as a place where the processes of cultural development and their impact on humans can be studied.

Questions concerning the health of populations, and thus of individuals, are today subjects of great public and political interest.    Usually the past is thought of in one of two ways: either as a place where humans had fewer problems, and a simpler, more healthy life; or where humans were bedeviled by health problems, high mortality rates, and reduced life expectancy.  However, the study of health and disease is necessarily tied to how human populations adapt to different physical environments, as well as to different modes of subsistence.  The study of the way of life, health, and nutrition of past populations is important in the quest to understand the trends and relationships between society and health, as evidence of particular kinds of adaptations.

We know that one of the great epidemiological changes is related to the development of measures for public health during the 19th century.  Started, if not from the spread of Jennerian vaccination for controlling smallpox then as a result of the great pandemics of cholera that devastated many populations around the world, the establishment of institutions devoted to health care mushroomed in the twentieth century.  We know that infectious diseases have been constant companions of humans and the cause of most infant and juvenile mortality.  It is often assumed that the development of societies into civilization brought with it an improvement in the quality of life.  This leads to the question of how exactly social and economic development which brings with it an increase in social inequality improves the health of the most vulnerable people who occupy the bottom of the social hierarchy.  The controversy is over whether the rise of civilization and urban centers actually causes health to deteriorate for the majority of the people, a position that has been supported among anthropologists by Cohen and that is widespread in the historical study of preindustrial cities.2   The Basin of Mexico is a natural laboratory for investigating the effects of increasing social inequality and of the rise of cities on health.

Health problems seen today in the Basin of Mexico are due to high population density, air pollution, water contamination, and economic and social problems associated with a megapolis whose growth has outpaced the ability of government, private organizations and citizens to meet their own needs.  Here, it is possible to ask if the health of the ancient inhabitants of  this same region,  the center of the modern day Republic of Mexico, had better or worse living conditions and health, and which of their problems were similar.  The Basin is a place where the past can lend context to the present.

The Basin of Mexico was also where the great civilizations of Teotihuacan and the Nahua (Aztecs) developed.  The cultural evolution of this region accelerated with the appearance of settled hamlets. Here, human settlement was encouraged by the rich flora and fauna of this high intermontane valley (2,000 meters above sea level).  Thanks to a temperate climate and the presence of large lakes some of the highest population densities in the Ancient Americas were attained.  Here too, agriculture slowly evolved.  Along with it came larger and more complex societies.  This process began in the Preclassic, almost four thousand years ago (see periodization in Table 1). By the Classic period, around 300 A.D., the first urban complex society had appeared, that of Teotihuacan, which because of  its size and splendor influenced much of Mesoamerica.  After the fall of Teotihuacan, the Basin saw the appearance of other similarly complex societies, culminating in the Aztec, who ruled an empire from the island city, Tenochtitlan.  This Postclassic florescence was interrupted by the Spanish Conquest in 1521, and for the next three centuries, the Basin of Mexico was the site of one of the most important of Spain’s American colonies.  The lifestyle of the indigenous ethnic groups that lived in the Basin was forever changed through the encounter with Europeans, Africans and their descendants.

In this chapter, the results obtained from the analisis of skeletal indicators of health, nutrition, and lifeways of the different populations in and around the Basin show how cultural development and historical situations affected people.  From our study of the first hamlets, then of societies where clear differences in social ranks appear, to centers of powerful states, and finally cities that are peripheral to but part of other regional powers, we discern the relationship between social complexity, health, and population density.  The results from these case studies show that, at least in the Basin, there are no clear trends in health over the milennia, although the data do point to a striking deterioration in life expectancy.  Nevertheless, we can identify certain patterns, such as the presence of infectious diseases in all groups and their greater ubiquity in larger cities. Problems of nutrition depended on resource base as well as on technology and  inequality.  Although it is not possible here, with the generally small skeletal samples available, to fully investigate the implications of increasing urbanization and social complexity, it is possible to contrast living in the more urban and complex societies with less dense ones.  There are differences among societies that are expressed as differential health risks for individuals.  

At the start of this project, we had planned to analyze historical skeletal data from the Basin of Mexico, but soon realized that suitable samples were not yet available. A future project will look at the skeletal remains of the Mestizo populations that are common today in Mexico.  Thus, unfortunately, it is not possible to address here the question of whether there are differences in skeletal patterns of stress that accompanied Spanish colonization and the change from an autonomous center of power to a colony.  One of the important questions, likewise unexplored here, is how the introduction of new diseases--intertwined with colonial exploitation--caused the near catastrophic decline in native population.  Or, in turn, how skeletal remains reflect the changed conditions of life.  Although this question can and has been addressed in other parts of the Hemisphere, the Basin of Mexico was the central location for Spanish dominion over Meso- and North America.  With its colonial importance and dense Prehispanic population, the Basin provides an important case study.  It already figures importantly in the debates over the size of the Hemispheric population at European contact, in the controversies of Cook and Borah and Dobyns versus Rosenblat, Sanders and Henige.3   Future studies on the Basin of Mexico will continue to shed light on  the whole process of conquest and adaptation to new diseases and new ways of life.

Skeletal Samples

The samples selected for analysis consist of skeletal material curated at the laboratory for Human Osteology at The National Museum of Anthropology in Mexico City and at the Teotihuacan Center for Archaeological Research. Some samples were excavated decades ago. We selected representatives from various chronological periods and subsistence systems.  In addition,  the size of the sample, state of preservation of the skeletons, and the available archaeological data had to be adequate for the project (see Tables 1 and 2).

Tlatilco. This sample derives from a large burial collection of nearly 500 individuals excavated in San Luis Tlatilco, located in the west of the Basin of Mexico, during four field seasons: Tlatilco I, II, III, IV.  We choose 343 individuals for analysis from the four series. According to archaeological data, they represent the Formative Period or the Early Horizon (1400-900 BC) of the Basin of Mexico, as determined by radiocarbon date of 1150 BC ± 150 years.4 

Cuicuilco.  Cuicuilco is located in the south of the Basin of Mexico, near Lake Xochimilco, bordering the Sierra del Ajusco. The sample derives from archaeological excavations made some years ago in this early center.  More than a hundred burials, accompanied by offerings, were excavated. From this sample, 119 burials were selected for  study. They represent the Ticoman phase of the Formative (600-150 BC).

Teotihuacan (Tlajinga 33). The Teotihuacan sample derives from an archaeological excavation carried out in a small residential compound named Tlajinga 33 on the southern edge of this big urban center. Even though the skeletal collection was composed of more than two hundred individuals, for this research we selected only 50, in accordance with the methodology of this book to use only the best preserved skeletons. The site occupation was exclusively during the Middle Horizon or Classic Period, spanning about 350-400 years from A.D. 250 to 600.5 

Cholula.  This sample derives from archaeological excavations carried out in the site of Cholula in the 1960s, where 308 primary or anatomical-position burials and 120 secondary or bundle burials were recovered. From these, 94% of the primary burials correspond to the Postclassic period: 70% to Cholulteca III phase (AD 1325-1500), 16% to the Cholulteca II phase (AD 900-1325), and 5% to Cholulteca IV (AD 1500-1521).  The skeletal material used in this study is represented by 236 individuals, mostly from the Cholulteca III phase.6 

The Ecology of  the Basin of Mexico and Description of the Sites

The Basin of Mexico sits atop a highland block, the central highland of Mexico. In Prehispanic times, it was an internal drainage basin. The floor of the basin is at 7,000 feet above sea level, which gives it a cool climate. Frost is a severe problem for agriculture in the fall, winter, and spring.  High mountains surround the valley, which, until the beginning of the twentieth century, was a closed hydrographic unit with a series of shallow, interconnected lakes.  The valley constituted a unique ecology in Mesoamerica, one suitable for hunting, foraging, intensive farming, and water-borne  transport. Resources included such lacustrine products as fish, insect larvae, reeds, and waterfowl.  Figure 1 gives the location of the sites and their relation to the Valley's lakes.

Tlatilco. The first Mesoamerican permanent settlements were the villages of the Formative period (1600 BC- AD 300). The Basin’s population density in the early phase of this period was quite low. Nineteen villages have been identified as belonging to this phase, all of them populated by a few hundred people, and generally situated in the middle and southern area of the basin. Sedentary groups lived in these villages, whose subsistence system was based on agriculture and the exploitation of lacustrine and terrestrial resources, adequate for the relatively small populations. El Arbolillo, Zacatenco, Tlapacoya, and Tlatilco are the main villages of this period. Tlatilco, located on the lower slopes of the Los Remedios Hill in the Rio Hondo Basin, was an important site in the region during the Early and Middle Formative periods. In early times its soft soils and proximity to Lake Texcoco must have been attractive to agriculturalists. Paul Tolstoy7  has shown that Tlatilco burials occur in groupings, suggesting that they may represent house subfloor burial clusters.  Tlatilqueños often disturbed one grave to make another at greater depth. In fact, 13% of the graves were disturbed in this way.  All the burials were made in a relatively short span of time, if dating by ceramic styles is a reliable guide.  The alternative is that ceramic styles and techniques remained relatively stable throughout the Tlatilco occupation of the area.

Subsistence resources were quite varied, according to paleofauna and paleoflora analysis. Maize, squash, bean, and pepper cultigens were found, as well as plant items foraged from the rich environment. Some species of fishes were abundant in the Lake, and animals were also numerous in the area, including small rodents, deer, peccary, and rabbit. We do not know exactly how much of the Tlatilco economy was based on agriculture. A near, but later site, Loma Torremote, is said to have an economy where subsistence was primarily derived from agriculture.  Yet, the people of Torremote,  also relied on lacustrine and terrestrial plants and animals obtained through foraging. The faunal remains by weight were 50% mammal, 30% bird, 14% reptile, and 4% fish. Food sources at Tlatilco were probably  similar.8 

Tlatilco's population consisted of a few hundred inhabitants. While the burials were definitely associated with residences and probably storage pits, the number and floor plans of the houses are unknown.  This kind of information is necessary for correct interpretation of the sanitary conditions of the settlement and its possible relation to health. Social organization at Tlatilco was characteristic of a simple chiefdom. These were "ranked" societies, where position was inherited through genealogical ties to important ancestors.  Differences in wealth and status are measurable. Tolstoy9  discovered an interesting series of developments at  Tlatilco.  He describes an increase in wealth in male graves from early to later settlement.  For the early period matrilineal kinship is clearly evident as can be seen  by the quantity and quality of items buried with females, by the position and location of the graves, and by the orientation of bodies. The in-marrying spouse was most often male, at least in the early period, and group membership  was transmitted through females.  

Cuicuilco. In the phase from 800-600 BC, villages emerged on  the lakeshore plain and sloping piedmonts, mostly in the southern half of the Basin. The increasing complexity of village life stimulated the occupation of hillsides and basins where cultivable lands were found.  The population of the Basin of Mexico in this period was about 20,000, based on the size and density of  75 settlements.10  Cuicuilco, located in the southeast of the Basin, had its origins in the early phases of the Middle Formative (600-300 BC). This period was characterized by "rapid" population growth, the emergence of ceremonial architecture, and the first signs of an emerging hierarchy among different types of settlements. Cuicuilco acquired importance in the Ticoman phase (600-150 BC.). There is no available data on its population size or importance, due to the difficulties of excavating solid lava which lies over the site. Based on similar studies for other settlements, its population has been estimated at about 1,000 to 2,000 inhabitants in its initial phase, but it was later to acquire considerable regional importance. By the end of this phase, Cuicuilco had between 5,000 and 10,000 inhabitants and exerted control over at least five lesser centers, showing a great level of sociopolitical centralization. In the period from 300 BC to 1 AD, Cuicuilco became, together with Teotihuacan, one of the most rapidly growing population centers. Estimated at 40,000 inhabitants, it occupied an area of 400 hectares. A city of this size would only be matched by Teotihuacan, which was already growing at that time. In fact, both cities seem to be similar in size, nature, and regional impact. However, Cuicuilco declined in relation to Teotihuacan, when the Xitle volcano erupted and covered a large part of the region with a thick blanket of lava. Its population decreased, as well as its regional political power. By the year AD 300, Cuicuilco was totally buried under a new cover of lava.

Cuicuilco subsistence was based on food production by intensive agriculture, using simple irrigation through canals and terracing, greatly complemented by hunting, gathering, and fishing. Artisan production and internal and external trade were also important. At the same time, economic surplus was extracted from neighboring villages. Cuicuilco was a center of an emergent complex chiefdom with the formation of permanent elites. All these factors must have had an impact on health conditions, if output per head did not rise, elites gained greater control over resources and their distribution grew increasingly unequal. We do not know  much about Cuicuilco settlement, households, or daily life. Information about burials is also scanty, although we do know that they were located in bell-shaped pits in different anatomical positions, all accompanied by offerings.  We have inferred that some social differences must have been present in the population, but at the moment, we are not able to relate them to the skeletal remains of specific individuals.

Teotihuacan (Tlajinga 33). In the period from 300 BC to 1 AD, a series of socioeconomic transformations took place in the Basin.  Population may have nearly doubled each generation or so, settlements in the alluvial plains increased, and towards the end of this period, at least half of the population was concentrated in a center, namely Teotihuacan in the northeastern part of the Basin. Here, a great urban center emerged.  Its economy was based on specialized artisan production, trade, and agrictulture.  Irrigation was used to intensify food production. Teotihuacan was a state with a hierarchical society internally differentiated into a number of social, political, and economic strata. Inhabitants of  the urban center  were distributed in residential units called apartment compounds, which were large structures with a complex pattern of rooms, patios, and central courtyards.  These could have housed up to 100 people organized into 15 to 20 families.  The apartment compounds would have been the locus of kinship, social, political, and religious organization  within the city.

Tlajinga 33 is located on the southern edge of the ancient city in what has been identified as a ceramic craft-working neighborhood (barrio) in the later phases of the city's history, although they had been only general lapidary workers in earlier phases.11  Its inhabitants were full-time craft specialists who would have been dependent upon some form of market exchange to acquire most of their food. Diet was based on maize, beans, squash, small mammals, and eggs. The Tlajinga 33 series selected for this analysis  are representative of the lower social strata of society. The status of this site may be inferred from, first, its peripheral location to the administrative center; second, its architecture composed of insubstantial building materials of adobe brick instead of stone; and third, its rather haphazard layout.  Since hierarchical societies like Teotihuacan have most of their population at the lowest social stratum, Tlajinga 33 may be more representative of the whole city than a higher-status compound.

Cholula. It has been hypothesized that towards the end of the Classic period, a series of crises occurred which may explain the collapse of  Teotihuacan. Other centers extended their control through long distance trade.  Some groups moved out of the city in search of better conditions and greater stability.  The ruling class faced difficulties in retaining power.  Finally, soil exhaustion paved the way for the emergence of militarism. In the Postclassic period after the fall of Teotihuacan, society succumbed to rule by a military or warrior class. The conquest of others became a common occurrence. Tribute was imposed, chiefdoms and lordships were integrated, leaders and divine heroes were created, and trade became monopolized. Society was deeply divided into groups that could be considered social classes. In the Postclassic, with the drainage of low-lying areas, much of the Basin was developed for farming, creating in the shallows of the lakes consolidated agricultural plots called chinampas. It was a complex labor-intensive system, but exceedingly productive.  

Cholula emerged in this period as a prominent settlement with a great ceremonial center in the area of the current states of Puebla and Tlaxcala, in the basin of the same name just to the east of the Basin of Mexico. Cholula Basin had been populated since the Middle Formative period (900-300 B.C.). During the Upper Formative period (300 B.C. - 300 A.D.) there were developments in architecture, which reached their apogee during the Classic period (300-900 A.D.). Due especially to population displacements, during the post-Teotihuacan period, this site became an important supra-regional axis, and one of the most powerful states of the central plateau. Its two peak moments of development happened during the late Classic (600 - 900 A.D.) and the late Postclassic (1200-1521 A.D.) periods.12  The ancient city, which had been abandoned since the beginning of the Postclassic, resurfaced as a new center for ceremonial activities in what we know today as Cholula, which at the time of the Spanish conquest was still densely populated. At that moment, Cholula constituted a thickly settled, nucleated urban community. In 1519, its society was generally divided into two large groups: the tlatoani  [elites] and the macehuales [commoners], which were in turn divided into social strata according to both residence and occupation. Professional warriors, merchants, and full-time artisans lived in the city. Most of the macehuales were peasants living in the rural areas. There were also mayeques [temporary slaves] and prisoners of war cum permanent slaves. Each town had its own marketplace to facilitate the exchange of goods. Tribute was fundamental, although rates varied from village to village, indeed from household to household, paid from goods produced. Rural settlements were divided into calpullis based on kinship, although there is some controversy around this issue. According to some authors, calpullis were endogamous, patrilinear, and stratified residential units. Cholula, although not in the Basin of Mexico, is typical of the kinds of urban centers present during this later period.  During the late Postclassic period, Cholula was inhabited largely by common folk, if the type of construction and archaeological materials recovered from burials and sites are reliable guides.13        
Bioarchaeological Indicators for Central Mexican Populations

Paleodemography.  For demographic patterns, the data available based on skeletons are the age distributions of deaths, which are related in complex ways to the living populations that produced them, as discussed in the paleodemography chapter (number 2) in this volume.  The current consensus seems to be that these age distributions of deaths are best interpreted as more accurate reflections of overall population fertility; these distributions cannot be used to study mortality without other archaeological information on population growth or decline. High fertility populations would be expected to have large proportions of infants and children and few older adults.  Lower fertility populations have lower proportions of juveniles and higher proportions of old adults.  The proportion of individuals dying at various ages can reflect preservation or excavation biases, rather than demographic effects, and these must always be considered.  This is especially true for individuals less than five years old at death.  For the individual sites, general interpretations can be offered. Here we have contrasted the proportions from each site in the database sample, which includes only the best preserved skeletons, with the total series which have been analyzed in other publications (see Table 3). In each case, except for Cuicuilco, the total sample has different proportions, including a higher proportion of subadults, reflecting the addition of  less complete skeletons of adults and children.  The demographic information is better from the total sample.

The earliest sample, Tlatilco, is from what would be expected to be a growing population and might be expected to have a large proportion of children, but the sample seems to have moderate fertility. The relatively small proportion under 20 here may be affected by funerary practices that did not bury many individuals under the age of five where the excavations were done. Thus, although the fertility patterns look only moderate, it could have been high, and the skeletons do not accurately reflect this. The pattern of the adults is one of equal numbers of young and older adults, rather than few older adults. Thus, it is possible that what is reflected here might be a particular mortality pattern that affects younger adults more than might be expected, but it also might be that Tlatilco is a growing population but with good life expectancy for adults, so that many adults survive into the older years. 

Next in time is Cuicuilco, from a settlement that is larger and more urban. Here again, the fertility looks moderate to low, but excavation bias (the skeletons are recovered from a lava flow which was probably very hard on the preservation of the small bones of children) probably underestimates the fertility of this population. However, the other proportions seem to indicate an older adult population, one more likely from a declining or very slowly growing population. From the archaeology of the Basin of Mexico, we know that Cuicuilco was an important settlement in the Late Formative earlier than Teotihuacan, but was soon eclipsed by the latter. We cannot be sure if the population might have been growing or declining.  While the exact chronology of the sample is not known, it appears to be from near the end, and the skeletal population probably reflects the decline of the settlement and perhaps the migration of younger individuals to Teotihuacan.  

The Tlajinga sample is from the height of the urban settlement of Teotihuacan during the Classic Period and allows the study of at least one compound from this large, heterogeneous population. The other samples used here come from many different contexts and thus present less of an opportunity to look at individuals living and working in a delineated context with a known economic specialization and social status within the city. Because of both the excavation techniques and the Teotihuacan practice of burying very young individuals in bowls, this sample is not affected by underrepresentation of infants and young children. That is reflected in the proportion under 20 years of age, which would seem to indicate a growing population with high fertility. The adult sample is definitely older with very few young adults, an indication of a possibly declining population. The Tlajinga proportions are so distinct because of the high numbers of subadults and high numbers of older adults, such that it seems to give contradictory information. In fact, this is a sample from the poorer statuses of a preindustrial urban center that was not growing during the period. Thus, what is probably reflected here is a declining population with very high subadult mortality, an urban society at the end of its florescence. 

On the other hand, Cholula, from the Postclassic period, is also an urban settlement, but presents a very different pattern of proportions, which is that of a high fertility, growing population, even though Cholula is mostly also from artisans and other workers of lower status. The difference is that Cholula is at this time a dynamic, growing settlement, probably attracting much migration. Even though the urban situation would have fostered high mortality, the fertility and migration is such that the profile of the population is one of growth, not stagnation or decline. The profile from Cholula is similar to that from the Aztec capital of Tenochtitlan, where, using a stable life table methodology with a growth rate estimation of 0.4 in the adjustments to the age distributions, the life expectancy at birth is 25 years for both, and crude fertility rate is 43 per 1000 residents for both.14   In fact, the Postclassic cities of the area are obviously different from earlier Teotihuacan, and the skeletal samples are from the dynamic, growing phases of these cities. 

Based on the analysis of Chapter 2, further interpretations are possible.  In theory, if a collection of skeletal remains is representative of a living, quasi-stable population, an age distribution of deaths is a robust measure of fertility.  Surprisingly, any portion of the age distribution is sufficient to estimate fertility.  While the more data points the better, it is important to understand that accurate estimates of fertility are readily obtained without taking into account children, which tend to be poorly represented in skeletal collections.  When fertility estimates are combined with archaeological information on population growth, such as expansion or decline of settlements, life expectancy is readily derived. Preservation or excavation biases may be severe and must always be kept in mind.  This is especially true for specimen aged at less than five years old at death, which are excluded from analysis by the most rigorous practioners of this craft, and from this analysis and in Chapter 2. 

The earliest sample, Tlatilco, points to  moderate fertility with a crude birth rate in the low to mid-thirties and, for a paleopopulation, relatively high life expectancy at birth (e0=37 years).
Next in time is Cuicuilco, a settlement that is larger and more urban. Here again, the paleodemographic analysis suggests moderate to low fertility with a crude birth rate of 30.  Excavation bias may be disguising a higher birth rate. Life expectancy is also surprisingly high at some forty years at birth.  Given the fact that the population was growing, but only slowly, this would indicate that growth was checked, not by mortality, but by fertility. Unfortunately the bones offer no evidence on how this might have been accomplished.
The Tlajinga sample is from the height of the urban settlement of Teotihuacan during the Classic Period.  This sample is not affected by underrepresentation of infants and young children. The age distribution for those over five points to high fertility, a crude birth rate of 42, and high mortality.   Life expectancy at birth is estimated at only 21 years, one of the  lowest life expectancies among the ancient populations in the Health and Nutrition database.     
On the other hand, Cholula presents a  different pattern of proportions, which is that of high fertility. Its urban situation would have fostered high mortality, and this is confirmed by the estimate of life expectancy of 20 years. 

The hypothesized crude birth rates for these samples are derived from  the patterns in the age distributions of death from the skeletal database with specimens under five years of age omitted (see Table 3, panel B). Tlatilco and Cuicuilco are  the lowest at 32 and 30, respectively, while Tlajinga,  at 42 and Cholula at 45, are the highest. Thus, the trend may be toward moderate fertility in the early history of the Basin followed by  higher fertility as the settlements and societies become more complex. Crude death rates are estimated as 27 for Tlatilco, 25 for Cuicuilco, 47 for Tlajinga, and 50 for Cholula, reflecting also a probable rise in mortality as the settlements become more urban. Thus, the early Tlatilco society of horticulturalists with significant wild resources and low demographic densities was one with moderate fertility and mortality and a slowly growing population. Life expectancy was good, although well below modern standards, even for the most severely AIDS-afflicted populations of Asia, Africa or the Caribbean.  
Stature. Stature is a valuable indicator of relative nutritional health, as poor childhood health and nutrition is reflected in stunted adult stature.  In Mesoamerica, there is a long tradition of collecting these data.  Previous research has produced two important generalizations:  first, the existence of a Northeast to Southwest gradient in average stature, with more tropical and lowland populations having shorter statures and, second, a trend toward diminishing height over time.15 The highest values of male height often occur during the Formative, but there is a clear decrease during the Classic Period, followed by a partial recovery or even further decline during the Postclassic, depending on the specific population studied. Del Angel has found proportionality changes, with a decrement in the relative size of legs in those populations through time in Central Mexican populations. In our database, both males and females show a trend toward shorter mean stature from the Formative to Postclassic, if it were not for the Tlajinga sample (see Table 4).  However, Tlajinga is a small sample (eight males and two females) based on the best-preserved skeletons, which were usually the highest status individuals and probably not typical of either the compound or that stratum in Teotihuacan.   Thus, we think the Tlajinga data do not call into question the thesis of stature decline over time, but additional samples are needed to test the hypothesis.  Comparison of series from the Maya area of Mesoamerica also show a decrease through time, for males (Table 4).  This pattern is one of the indications of how the development of more urban and/or socially differentiated societies stunted the average individual in prehispanic Mesoamerican societies.   

Nutritional evidence: Porotic hyperostosis and cribra orbitalia. These lesions have been interpreted in other ancient populations of the New World as indicating the presence of iron-deficiency anemia caused by diets low in iron or possibly exposure to fish-borne parasites, where marine resources were available but water supplies show signs of contamination. Also, these lesions have been associated with higher densities and sedentarism, where an increase in viral, bacterial, and parasitic infection, possibly coupled with nutritional stress, would often to lead to anemia. Skeletal evidence of porotic hyperostosis was observed in the four series from The Basin of Mexico (Figure 2),  with Cuicuilco having a much higher prevalence of slight to severe lesions than the other three sites. Only the difference between Tlajinga and Cuicuilco is statistically significant (P<.05).  Cribra orbitalia has greater incidence than porotic hyperostosis in these populations, with Tlatilco having 25% of scorable individuals affected, Cuicuilco 33%, Tlajinga 13%, and Cholula 31%.  Thus, three populations seem to have at least moderate amounts of anemia present, with Tlajinga the only one with low incidence.  With regard to gender and age differences, 559 (75%) and 419 (56%) of the samples could be analyzed for the presence of anemia indicators (Table 5). In general, females and males have similar incidences within a site.  Cuicuilco is distinctive, because here adults have higher incidences.  This suggests that  individuals are commonly able to survive into adulthood in spite of suffering from anemia.  On the other hand, for cribra orbitalia, Tlatilco and Cholula have high incidences in subadults, perhaps indicating that this was an important cause of morbidity, and even an important cause of mortality, in children at these sites.

According to the paleopathological reports of other studies, we had expected to find an increase in these indicators, from Formative to Postclassic Mesoamerica, as populations became more dependent upon maize, or as infections and parasites increased with population density. Instead, Tlajinga presents low percentages of both porotic hyperostosis and cribra for all age groups, in comparison with other series from the Basin of Mexico.  All others, including the village site, have moderate incidences. The Tlajinga population seems to lack anemia problems in spite of its urban environment.   This may be due to adequate iron in the diet, which buffered these individuals in spite of the other health problems they suffered, or else, individuals tended to die of other causes before anemia was serious enough to be expressed in the cranium.  For the Postclassic period in the Basin of Mexico, Cholula displayed similar values as Cuicuilco in cribra, although less porotic hyperostosis.  Cholula subadults show more evidence of anemia than any other sample.   While this is not a clear trend, the Cholulan data reveal that anemia was more prevalent in subadults, whereas in earlier samples, it was more common in adults and thus compatible with survivorship past childhood.  It could be that by the end of the prehispanic period, anemia was a much more significant morbidity problem.  Worsening quality of life impacted children more severely than in earlier times, a reflection of the effect of continued social development in central Mexico.

Some comparisons with other Mesoamerican populations from the Maya area are possible.16 Coastal populations from Yucatan, Xcaret and Jaina, plus two sites located in present-day Honduras (Copan Rural and Urban) reveal generally higher incidences. For the Prehispanic population of the Quintana Roo coast of the Yucatan Peninsula, archaeological records register a high presence of marine resources. Playa del Carmen, a Maya Postclassic site located near Xcaret, has reported a 48  percent rate of healed porotic hyperostosis, including the subadults; for adults, the figures were 42 percent in males and 25 percent in females. Cribra orbitalia was present in 40 percent of the crania. The explanation for the high frequencies of cribra orbitalia and porotic hyperostosis could be related to diarrheal disease, as a result of water contamination and the exposure to fish-borne parasites, even though Playa del Carmen and Xcaret populations had rich diets based on marine resources.  For the Maya sites, a more humid environment with greater numbers of parasites may account for the difference in rates.  The more arid highland would have been less hospitable to the transmission of many parasites and thus these central Mexican populations suffered less from this problem. 

Enamel hypoplasia. The presence and frequency of dental enamel defects have been used as an index of health status of archaeological populations and are among the most frequently studied indicators.16  Tlatilco and Cuicuilco present similar frequencies of lines in permanent incisors, LPI (30%and 26%) and lines in permanent canines, LPC, (43%); the values are slightly lower in Cholula (LPI 21% and LPC 33%). The prevalences in Tlajinga (LPI 81% and LPC 97%) are significantly higher  (p < .05).  Here the pattern is opposite that of iron deficiency anemia, in that most samples have moderate incidences but Tlajinga is  high.

Investigating differences by gender and age (Table 6), 51% of the sample could be scored for the permanent canine and 32% for the permanent incisor.  The patterns are what would be expected given the overall prevalences in the samples.  Tlajinga is the only sample where having two or more hypoplasias is at all common and this is true of all ages.  Males and females within a site are again  similar in prevalence. Subadults do not show greater frequencies in any of the populations over that of the adults, except Cuicuilco, but the sample is small.  A hypoplastic prevalence greater than 40 percent might be considered as evidence of significant morbidity during tooth development from chronic nutritional and disease stress in a community. Only Cholula is below this level, although one-third of the sample is still affected.  It is also possible that urban conditions at Cholula were such that more individuals died before such morbidity could be expressed on the teeth.  Thus, this stress is significant, but certainly not excessive in comparison with many other prehistoric skeletal samples in the Western Hemisphere database, except Tlajinga. There is possibly a trend here, as the populations show increasing prevalence from Tlatilco to Tlajinga, although Cholula has less. In urban Tlajinga, the hypoplasias reflect a poor environment during childhood, but this does not further express itself as anemia nor does it prevent affected individuals from surviving to adulthood.  In urban Cholula, the situation is more difficult to interpret, but it is possible that the higher prevalence of anemia, especially in subadults, made it harder to survive morbidity that causes hypoplasias.  A deterioration of urban diets and environment through time would then be indicated.  

Traumas. Traumatic lesions are injuries primarily caused by physical force or by contact with blunt or sharp objects. Specific types of trauma provide a direct inference about specific behavior patterns. Certain activities predispose individuals to certain types of accidental trauma. Various forms of interpersonal violence (warfare, scalping, mutilation, lacerations) and surgical intervention (trepanation, amputation) may be identified. In Mesoamerican populations of the Basin of Mexico, traumas in general are low in the four series, and the evidence is from mostly healed bone fractures. Leg and arm trauma are similar in these populations (Figure 3), only Tlajinga and Cholula exhibit higher percents in the leg. From 160 Cholula cases observed, 3 percent (n = 5) show hand traumas. Cuicuilco had an even lower rate (2%) from 47 observed, and Tlatilco none. Skull, face and nasal traumas have low frequencies with the exception of face traumas in Cholula (Figure 4); Tlajinga exhibits the highest value of skull trauma, but the sample is  small (n =4).  Cholula has higher percentages in arm, leg, skull, hand, and face traumas than the other populations. Traumatic lesion frequencies in this population, in comparison with the other periods, could be suggestive of changing behavior or activity. 

Postclassic Mesoamerican societies have been characterized as militarist, involved in struggles and war. The Postclassic in the Basin of Mexico was a period of continuous change. There was great population mobility and participation in armed conflicts. The Cholula pattern may be a clear indication of intensification of various forms of interpersonal violence that were not present in the earlier societies, where militarism is late (Teotihuacan) or not very evident.  We also found more traumas in urban populations as in Tlajinga 33 (from Teotihuacan) and Cholula than in the mixed economy village of Tlatilco. There is a possibility that these could be related with violence, or accidents from construction as a result of falling from a high structure, or merely by the vagaries of living. However, the Mesoamerican trauma frequencies are low in general, although females in Cholula have a higher rate of fracture including the skull, 13%, to 4% for males. Was skull and facial female trauma related with intentional domestic violence, the result of the general greater institutional violence of the Postclassic? Merbs’ major finding in a survey of traumas among Aboriginal Australians was that as a general rule, female crania display more head trauma than males, but the same pattern is not found for other populations. He suggests that "women may not have been the victims of male attackers either, they could have been involved in arguments among themselves”. We agree with Webb that the findings suggest that: “there is no simple rule for interpreting what fracture patterns might represent in terms of a particular human activity or, if we want to be conservative, even basic behavior. One way of tackling the interpretative uncertainties of extrapolating behavior from bones is knowing something about the activities and lifestyle of the particular group in the first place”. 17 

Degenerative joint disease.  Degenerative joint disease has been reported in the majority of the archaeological populations, and the primary cause is related to biomechanical wear and tear and functional stress. Biomechanical stress is referred to as degenerative joint disease (DJD) and linked to activity. The pattern of degenerative joint disease can provide clues about the life of past individuals. For the arm, percents for shoulder and elbow frequencies of initial degenerative disease are highest for Tlajinga, and  similar for Tlatilco, Cuicuilco, and Cholula (Figure 5). As osteoarthritis is age-related, comparisons must be age-controlled.  Here, the proportion of young versus older adults is similar in the cases of Tlatilco, Cuicuilco, and Tlajinga.  Only Cholula is a younger sample (see Table 3).  Major DJD was found in Cholula (3%), including one case which exhibited immobilization. Wrist DJD percents in Cuicuilco and Tlajinga were twice those for Tlatilco and Cholula. Hand percents were again higher for Tlajinga and Cuicuilco and lower for Cholula and Tlatilco. This shows a trend towards greater frequencies of stress in Tlajinga and Cuicuilco, suggesting more use of these joints. In the case of Tlajinga, these generally high indicators in relation to the similar ages at Tlatilco and Cuicuilco might be related to the artisanal activities, although occupation is not easily determined on the basis of just arthritic degeneration.19    The involvement in Cholula is notable, as this is a younger sample, but still has similar prevalences to sites with older adults. For example,  gender differences show greatest incidence in females in these joints in Cuicuilco and Cholula. 

Hip and knee DJD is greater in Tlajinga and similar for Cholula, Cuicuilco, and Tlatilco (see Figure 6).  The Tlajinga involvement is all light, while there is a low percentage of major involvement in the other samples.  Cholula is the highest, and this may also reflect the effects of the greater institutional violence. Cervical, thoracic and lumbar DJD present widely different ranges (see Figure 7). Cervical DJD has a higher prevalence in Cholula, while Tlajinga is higher in thoracic and lumbar. Again, the younger sample shows more involvement than might be expected, reflecting the biomechanical stress that the commoners of that late urban center might have experienced.  In general, the dense urban populations of Tlajinga and Cholula have higher prevalences of DJD than populations from earlier times.  Gender differences in DJD across all four populations show greater prevalences in females, with the exception of thoracic and lumbar frequencies which are higher for males. 

Comparing populations, Tlatilco has the lowest values in general, and there is an increase through time in Cuicuilco, Tlajinga, and Cholula. The population of Tlatilco was not as dependent on maize consumption, as that of  Cuicuilco. In Tlajinga and Cholula the basis of the diet was maize. The Mesoamerican series studied here show a rising rate of  DJD with the shift from a hamlet-like subsistence economy to an urban one based on trade, such as Cholula's.   The former, based as we said, on foraging, fishing, and farming was characterized by lower rates than the latter.    Urban populations experienced greater stress, not only due to a more sustained struggle for subsistence, but also to mechanical demands  in the construction of big buildings, the manufacture of goods, and transportation.  For females, in particular in societies heavily dependent upon maize as the principal source of calories, the preparation of food such as making tortillas was an arduous task which not only consumed great expenditures of time and energy but also produced severe degenerative disease at the wrist joints. The high male DJD at the cervical for Cholula seems the result of greater mechanical stress, from  carrying heavy loads with the "mecapal," a wide rope placed on the forehead to sustain a large, heavy bundle on the back. Archaeological information identifies Cholula as a stratified society.  The skeletal series corresponds to common people, as is evidenced by the location of burials and the nature of the associated burial goods.  These changes in the Postclassic may be related to the larger sphere in which Cholula was involved, such that transportion of goods was a more important activity in general than in earlier periods.

Infections.  Periostitis in the tibia is reported here as  frequencies and the degree of severity to characterize the prevalence of infections at the population level. In paleopathological research, tibia periostitis has been used as one of the best indicators of systemic infectious disease, but the presence of skeletal and systemic infection was also recorded for this project. Figure 8 presents the incidence of tibial periosteal reactions for prehispanic populations of the Valley of Mexico, with the total representing the percent of scorable individuals with this indicator, and then broken into categories of severity.  Cholula is the highest, and Tlajinga is the lowest, although the proportions of individuals affected by moderate and severe cases are  similar across all sites.  Figure 9 present the incidence of skeletal periostitis.  Here Cuicuilco is the lowest, while the greatest proportion of systemic infection is at Tlajinga.  Cholula has the highest prevalence of skeletal periostitis as well.  Tlatilco is high in both infectious indicators, indicating that a village population was no more free of this morbidity factor than urban ones.

Comparing incidence of infection indicators by age and sex (Table 7) reveals no significant sex differences by site.   However, the Cholula sample is affected mostly by slight reactions, whereas the proportion of moderate/severe ones are greater at Tlajinga and Cuicuilco, especially for males.  Subadults are much less affected at Cuicuilco than at other sites.  Tlatilco has  similar incidences across all categories, and it is not the lowest or highest in any.  Adult males seem more impacted in the urban samples, which may reflect their more public activities in these societies, whereas in Tlatilco, the exposure to infections seems to be  equal for both sexes and children and adults.

The presence of infections has been recorded in the majority of skeletal populations, and the range of infectious disease response is quite varied. Prehispanic populations of the Basin of Mexico were only moderately biologically stressed in terms of  periosteal reactions, with incidences from 36 to 65% in tibial infection and 37 to 50% in skeletal infection in the Formative period in Tlatilco and Cuicuilco  and the Classic at Tlajinga. However, the situation became worse for the Postclassic population of Cholula which presented the highest values in both tibial infection and skeletal infection, although most involvement was slight. Ecological conditions for Tlatilco and Cuicuilco were relatively similar.  Infectious disease rates in Tlatilco and Cuicuilco could be related to water contamination of the lake. Tlajinga appears not to have had as much infectious disease as Cholula, even though both are urban populations. However, Tlajinga had more serious involvement when disease was present.  This could be related to life style in that barrio of Teotihuacan and is another example of the high morbidity present in that sample. For Cholula, this population lived in the core of a big urban center with all the adverse sanitary circumstances of urban living. Population density was high with more consumption and more garbage. Cholulans could have suffered from extreme parasitic infestation and been exposed to different kinds of diseases and bacteria that provoked higher rates  of infectious reactions.  Food and water contamination would have been a constant problem in these cities. The prevalence of infection in Cholula and Tlajinga probably reflects the poor sanitary conditions of Prehispanic cities.

Auditory exostosis. The presence of this trait has been related with a specific activity: individuals diving in cold water. Only Tlatilco showed a high frequency of this variable (29%) in those in which it could be scored. Cholula's rate was less than half that for Tlatilco (12%), and it is even rarer in Cuicuilco.  There were no examples at Tlajinga. Ecological conditions of  the Tlatilco population, close to the lakes in the Basin of Mexico, were suitable for exploiting the lacustrine resources. It is probable that one of the work activities was diving. The frequency of auditory exostosis supports this hypothesis.

Cavities and abscesses.  Dental caries are the result of disease produced by demineralization of the dental tissue by organic acids caused from the bacterial fermentation of dietary carbohydrates. Carious lesions were present among prehispanic populations of the Basin of Mexico. Absesses are another indicator of infection and sanitary conditions.  Figure 10 compares the measures of dental pathology developed for the Western Hemisphere project.  The cavities index is the best comparative measure, and here Cuicuilco is highest, while the others are similar. The high Cuicuilco cavities index could be related with porotic hyperostosis and cribra orbitalia frequencies that are highest for this population, and could indicate a  starchy diet. Absess rates in all populations are fairly similar.  In recent population studies, tooth loss has been associated with carious lesions, and high loss could underestimate caries incidences. Here we are using a cavities adjusted missing decayed index (CAMDI), developed for this project, to allow better comparisons among different populations. Premortem tooth loss is associated with advancing age as well as poor dental hygiene. At Tlajinga, we found the lowest CAMDI (0.56); at Tlatilco the highest (0.96). Cuicuilco and Cholula are indistinguishable at  0.79 and 0.77, respectively.  When these are contrasted, there are some interesting patterns by sex.  Females have higher indices  at Tlatilco compared to the males (0.87 to 0.75) and Cuicuilco (0.91 to 0.68).  The disparity is especially great at Cuicuilco.  On the other hand, at Tlajinga and Cholula, no gendered differentiation in apparent in this regard (0.62 females to 0.63 males, and 0.65 females to 0.68 males, respectively).  The earlier populations appear to have divergent diets by sex, with females probably more dependent on agricultural foods, while males had more access to meat.  In Tlatilco, males probably did the bulk of wild resource harvesting and may have eaten more while doing so.  This is a pattern often seen in mixed economies such as this village.  By the Classic period with its  fully developed urban environments, males and females shared similar diets.  Access was  probably determined more by economic status and earning potential to acquire food from markets than any other single factor.  Thus, Teotihuacan and Cholula are fairly similar.  The overall index for Tlajinga is less than for the individual sexes, indicating not much dental pathology in  subadults.  The Cholula index is higher than for individual sexes, indicating that dental pathology among subadults increased in the Postclassic.

Discussion  

Health and nutrition of ancient populations has been among the most important issues of  current bioarcheology, but our knowledge about the health conditions of Mesoamerican Prehispanic populations remains shaky.  The beginnings of the bioarcheological integral approach are found at Altar de Sacrificios (first published in 1972).20 Since then only a few similar works have appeared. The Tlatilco, Cuicuilco, Tlajinga 33, and Cholula skeletal series, from the Basin of Mexico, were selected with the objective of characterizing population health conditions and to contrast the results of the diverse stress indicators within and among populations that had different ways of life, with a diversity of social, economical and political conditions. All are located in a tropical, highland, arid environment.Tlatilco is one of the ancient villages from the Early and Middle Formative Period, where social and economical differentiation was present but not greatly elaborated, and where the way of life was subsistence horticulture supplemented by lacustrine resources and other wild resources regularly consumed in the diet. Cuicuilco represents a population living in one of the first ceremonial centers in the Middle Formative and continuing to the Late Formative.  The Cuicuilco site probably represents a higher level of sociopolitical centralization, with more social differentiation than found in other contemporary regional centers in the Basin and at earlier Tlatilco. The Tlajinga 33 population, from Teotihuacan, represents a sample of the common people working in ceramics and lapidary in the biggest urban city of the Classic Period. Cholula was a major sociopolitical site in central Mexico in two periods, the first during the 950-1150 AD Phase and later during the late Postclassic. Cholula's inhabitants lived in a dense nuclear settlement and worked as artisans, merchants, and builders. Both the Tlajinga and Cholula samples are from highly complex social systems, with definite differences in social status that would affect access to resources, and both samples represent the less privileged members of their city.  The general evaluation of the diverse stress indicators used in this research gives some insights about the adjustment of the Tlatilco, Cuicuilco, Tlajinga, and Cholula populations to their contexts.

In relation with other populations of the Basin of Mexico, Tlatilco presented low porotic hyperostosis frequencies but cribra orbitalia rates were similar to all the others except Tlajinga.  The highest frequencies for this indicator were for Cuicuilco. Enamel hypoplasia frequencies in Tlatilco were similar to Cuicuilco and Cholula, but by far the highest were in Tlajinga. On the other hand, the lowest percentage of porotic hyperostosis (6%) and cribra orbitalia (12%) was in Tlajinga. Tlatilco has greater stature in comparison with Cuicuilco and Cholula, among samples with reasonable sizes. Tlatilco infections were 65% for the tibia and 50% for skeletal reactions, little higher than Cuicuilco and Tlajinga, but lower than Cholula.  Thus, in these indicators, there are some potentially confusing findings. The more egalitarian and smaller settlement of Tlatilco might have been expected to exhibit less of these skeletal indicators of stress than the later, more dense populations characterized by more status inequalities, whereas it usually is comparable to one or more of the urban populations.  Conversely, the urban populations from Tlajinga and Cholula do have the highest frequencies of some indicators but are low on others.   Comparison with the other indicators also reveals a complex picture.

 In relation with general activities indicated through degenerative joint disease frequencies, the higher prevalences were generally among the later urban populations.  Tlajinga is an older population and it was made up of lapidary and ceramic artisans, so we are not surprised to find patterns of involvement of upper body and some vertebrae. This appears to be related with more stress due to the craft manufacture than with other activities developed by Tlatilco and Cholula populations, even though the activity pattern from all these populations is likely to be different. The surprise is that the younger adult sample has significant involvement in several joints higher than in the older adult samples from Cuicuilco and Tlatilco, indicating that more biomechanical stress was part of the way of life for these commoners. The Cholula population was more diversified than Tlajinga and the skeletal collection corresponds to individuals with different occupations, although individuals involved in transportation of goods may be more represented than some other occupations. 

Trauma is in general low, less than 6% of the samples. Only in Tlatilco were there a substantial fraction of individuals (almost 30%) with auditory exotosis, probably related to exploitation of lake resources.   The low trauma values may seem surprising, because especially for the urban centers of the Classic and Postclassic, these were probably fairly militaristic societies.  However, given the common Mesoamerican practice of capturing victims for human sacrifice in war, many war casualties would not return to their residences and be recovered in any skeletal series.  Thus, most traumas are probably the result of accidents in daily life, although the nose fractures in Tlatilco and the face fractures and head trauma in Cholula are the best evidence present here for interpersonal violence.

Caries in the four populations reveal  low values in a range from 8% to 14% with the highest incidence of cavities found in Cuicuilco. The decayed-missing index is similar for Tlatilco, Cuicuilco, and Tlajinga from 0.24 to 0.29, while Cholula was the lowest at 0.19, probably because of its relative youth. The abscess index is low and quite similar for all four samples. The age adjusted decayed-missing index exhibits the highest for Tlatilco (0.96) and Cuicuilco and Cholula had similar indexes (0.77, 0.79), the lowest was in Tlajinga (0.56). These indicate that at least part of the reason why caries rates are fairly low is that premortem tooth loss is quite common in these populations, perhaps because of  carious teeth and/or heavy tooth attrition.  Since all populations consumed maize, the high carbohydrate diet would have had a deleterious effect on dental health.  Looking at the data by gender, females from Tlatilco and Cuicuilco have higher indices than males, while Tlajinga and Cholula do not present gender differences (0.63, 0.62 and 0.68, 0.65 respectively). This indicates that for the earlier samples, the diets of males and females might have differed, probably because males might have done more collecting/hunting, and eaten more of the fruits of their foraging, while females were consuming proportionately more domesticated crops with the correspondingly higher carbohydrate diet. By the full Classic and later in these larger urban settlements, diets of males and females no longer reveal this distinction, probably because both sexes are getting their food from the market for the households. The Maya populations, that are also highly dependent on maize and other crops, have similar high decayed-missing indices (0.95 to 0.71). Coastal Yucatan populations have the lowest, probably due to substantial quantities of marine resources in the diet.

All of the populations presented in this chapter, in comparison with other populations studied in this volume, have, with few exceptions, mostly moderate to high frequencies of all indicators analyzed, and all present clear evidence that chronic stress was common in childhood and among adults.  In general, we see a pattern of increase over time in cribra orbitalia and porotic hyperostosis from the village of Tlatilco to the great urban centers like Cholula. According to the infection results, with all frequencies between 60% and 80%, we observe poor sanitary conditions in these prehistoric groups. Stature, as a general indicator of health, exhibits a reduction from Formative Tlatilco to Postclassic Cholula, particularly in males, so that there is some overall deterioration in child health through time.  The populations from the lower status of the great urban centers in this area, Tlajinga 33 and Cholula, often are those with the highest frequencies of various pathologies, although not for all.  Tlajinga is low in porotic hyperostosis and cribra orbitalia, while Cholula has low frequencies of enamel hypoplasia, for example.  The indicators thus do give evidence of the differences in the situations and environments of each of the various populations and do not just reflect increasing density and social inequality.  Thus, the village of Tlatilco might have been expected to have the lowest indicators generally, because it is from the earliest and least complex society, but instead it has generally moderate incidences of most pathologies.  Tlatilco is always among the lower in prevalences though and is only high in the age-adjusted dental indices, indicating the different and more varied diet of this earlier society.  Thus, there is in general a trend of increasing burden of skeletal indicators of stress through time in the Basin of Mexico, culminating in the dense urban populations.

Mark Nathan Cohen has expressed a general hypothesis, discussed in the Introduction, that increasing social complexity, because of its inequalities of wealth and access to basic resources and increasing populations living in urban centers, leads to general declines in health and the quality of life for the average individual in past societies.  The central Mexican area, because of its long history as the center of Mesoamerican civilization, is a good place to test Cohen's hypothesis. Discussion of the individual indicators above revealed that while there is no uniform increase among the stress indicators with more complex, urban populations, the overall combination of indicators makes Tlajinga and Cholula with more morbidity factors that impacted the quality of life.  The comparative perspective afforded by the Western Hemisphere project does lead to a clearer overall picture.  The Health Index, especially expressed as percent of maximum in the sample, clearly shows that the central Mexican samples fall into the bottom third of the overall rankings.  The highest is Tlatilco at 68% of maximum, Cuicuilco and Cholula  similar at 66%, and Tlajinga lowest at 62%.  Tlatilco is better here, even if not dramatically, over the three urban populations.  The clearly lower status urban population from Teotihuacan, the largest urban center in the sample, has the lowest quality of life, which is what might be expected.   That Cuicuilco and Cholula are not much worse than Tlatilco is perhaps surprising.  These might indicate that urban living in particular cases in central Mexico was not so much more lacking in quality of life for its inhabitants as a large village with a mixed domesticated and wild subsistence, but more samples and knowledge from all sites is needed.    On the other hand, it is possible that the dependence on agricultural products in an arid, highland environment, where crop reductions and failures from drought and frost may be common and where water was a scarce and too often contaminated resource, may make village life in the Basin of Mexico less healthy than in many other environments.  Thus, the conditions at Tlatilco were not much better than at the other sites, because the Basin of Mexico is not an easy environment to live in with the prehispanic technology.  Nevertheless, although the quality of life was low compared to that of other parts of the Americas, it was not enough of a handicap to prevent the Basin of Mexico from becoming a locus of settlement and the center of dynamic civilizations.  The overall trend present here is that as societies became more internally differentiated and more urban in settlement, there is a decline in the quality of life and life expectancy, much as Cohen’s hypothesis would predict.

Among the precolumbian populations, the quality of life of individuals in the samples was certainly not as good as it might have been.  That modern Mexico City has health problems resulting from intensive use of an arid environment and a  dense urban population places it  as the most recent example of a process that began with Teotihuacan and Cuicuilco around the beginning of the Common Era.  Because of its long history of occupation and urban settlement, the Basin of Mexico is a crucial place to study what happens to people and society as they become parts of ever larger, denser, and hierarchically-organized societies.  Further research in health trends is needed. Especially important is the analysis and availability of more skeletal samples from the precolumbian societies, to test and refine the patterns depicted here.  The historical demographic and epidemic records and skeletal research possible from the colonial period will help understand what happened at the time of contact of the Mesoamerican civilizations with Europeans.  Integration of these data with public health information from Mexico City in the 19th and 20th centuries will allow researchers to study and refine hypotheses and generalizations about the influence of urbanization and its effect on health under such different technological and historical circumstances.  We have only made a small first step in this study and look forward to taking a second larger step in the future.
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FOOTNOTES

1There is a wealth of books in English and Spanish available about the Spanish Conquest and about the importance of Mesoamerica in the history of civilizations.  For the latter subject, consult Sanders, Parsons, and Santley (1979) and a recent history is Thomas (1993).

 2See Cohen (1989), and among many possible sources for preindustrial cities, see de Vries (1984).

 3 Again, there are many texts on this controversial topic.  For recent treatments see Cook (1998),  Henige (1998), and, for a summary that includes Mexican views, McCaa (2000).

4 General information about the Tlatilco burials can be found in Romano (1972).  Dates for Tlatilco II and IV can be found in Tolstoy, “Coapexco and Tlatilco,” p. 105, and the given date is from García Moll, Juarez Cossio, and Pijoan Aguade (1992:13).  The skeletal remains were studied by Lourdes Marquez and Magalí Civera.

 5 Storey 1992. 

6  Lopez, Lagunas, and Serrano 1976.

 7 Tolstoy, “Coapexco and Tlatilco,” p. 117.   More information on Tlatilco can be found in Blanton et al. (1993) and Porter (1953).    

8  The information on Tlatilco is from Alvarez in Garcia Moll et al. (1992), and from Loma Torremote in Serra Puche (1998).

9 Tolstoy, ”Coapexco and Tlatilco,” p. 117.

10 Blanton et al. 1993:116-117. Further information about Cuicuilco can be found in Sanders, Parsons, and Santley (1979) and Schavelson (1993).

11 A recent description of Teotihuacan can be found in Cowgill (1996).  Description of Tlajinga 33 can be found in Storey (1992) and Widmer and Storey (1993).

 12 Cholula is discussed in Sugiura 1993.

13See Lopez, Lagunas, and Serrano 1976.

 14The demographic modeling used here can be found in Camargo, Marquez, and Prado 1999.

15Samples not from the database used here are from Marquez and Del Angel (1997) and Del Angel (1996).  The Maya samples are discussed in the chapter on the Maya in this volume; for an English summary of this evidence, see McCaa (2000).

16See the article on the Maya this volume for further information.  The information on Playa del Carmen is found in Marquez, Peraza, and Gamboa (1982).

17General information on hypoplasias can be found in this volume and in Martin et al. 1991.

18Merbs 1989: 204-205; Webb (1995: 192) for the quote.

19See Waldron 1994.

20Saul 1972.

Table 1

Chronology of Prehispanic Mesoamerica

Approximate Years

Major Mesoamerican Period

1600- 900 B. C.


Early Preclassic or Formative

900 – 300 B. C.


Middle Preclassic or Formative

300 B. C. – A. D. 300

Late Preclassic or Formative

A. D. 300- 600


Early Classic

A. D. 600- 900


Late Classic

A. D. 900 – 1200


Early Postclassic

A. D. 1200- 1521


Late Postclassic

See Blanton et al. 1993:56

Table 2

Skeletal Samples by Sex and Age





Tlatilco

Cuicuilco
Tlajinga

Cholula





N       %

N      %

N      %

N      %

Male



116  33.8
49   41.1
18   36

54   22.8

Female



149  43.4
52   43.6
12   24

69   29.2

Juvenile < 15 years

  57  16.6
12   10.0
20   40

82   34.7

Unidentified Adult

  21    6.1
  6     5.0


31   13.1

Totals



343

119

50
            236

Table 3

Interpretation and Comparison of Proportions of Deaths in Various Age Groups





Tlatilco

Cuicuilco
Tlajinga

Cholula

Database Sample*
<20 years at death

22%(72)

21%(24)

42%(21)

37%(81)
20-35 years


36  (118)
32   (37)

  6   ( 3)

37   (81)

>35 years


42  (137)
47   (55)

52   (26)

26   (58)

Total Sample
<20 years at death

26%(97)

21%(24)

54%(111)
42%(191)

20-35 years


37  (137)
32   (37)

15   ( 31)
38   (173)

>35 years


37  (137)
47   (55)

31   ( 64)
20   ( 91)

*Sample numbers are in parentheses.  For the total sample of Tlatilco, Cuicuilco, Cholula, see Camargo et al. 1999; for Tlajinga, see Storey 1992.
B. Interpretation  

crude rates (per thousand population)
life expectancy

site
birth
increase
death
at birth (years)

Tlatilco
32
5
27
37

Cuicuilco
30
5
25
40

Tlajinga
42
-5
47
21

Cholula
45
-5
50
20








Source:  Paleodemography chapter.

Table 4

Mean Stature (cm.) by Site and Period

Period


Sample

Female
N
Male
N

Central Mexican Populations

Preclassic

Tehuacan*
158.5
  6
167.2
  7

Early/Middle Preclassic
Tlatilco

153.8
56
162.8
88

Late Preclassic

Cuicuilco
150.4
16
161.7
17

Classic


Tlajinga

153.0
  2
166.0
  8

Postclassic

Cholula

151.8
12
160.6
19

Maya Area Populations*

Preclassic

Tikal

144.4
  4
161.7
  6

Preclassic

Yucatan Maya
151.2
  2
164.4
  7

Classic


Tikal

148.5
11
155.2
21

Classic


Jaina

151.0
12
160.6
12

Classic


Copan Urban
155.5
46
162.8
36

Postclassic

Yucatan Maya
148.4
  5
161.5
25

*For Tehuacan, see Anderson 1967; for the Maya area, see Storey, Marquez, and Smith, this volume.

Table 5

Incidence of Porotic Hyperostosis and Cribra Orbitalia

By Sex and Age

Site

Females



Males 


Subadults



No.
% Affected
No.
% Affected
No.
% Affected

Porotic Hyperostosis

Tlatilco

128
10

88
14

51
10

Cuicuilco
  29
38

33
36

10
20

Tlajinga

    4
  0

13
  8

17
  6

Cholula

  57
  9

43
  5

62
19

Cribra Orbitalia 

Tlatilco

  96
19

66
23

42
43

Cuicuilco
  24
38

29
31

  8
25

Tlajinga

    4
  0

11
18

16
13

Cholula

  43
21

31
19

43
54

Note: Individuals identified only as adults are not included, but there was only 1 of 5 individuals affected with cribra orbitalia and 1 of 24 with porotic hyperostosis, so they do not affect the above patterns.

Table 6

Comparison of Hypoplasias by Sex and Age

Site

Females


Males

Subadults
Unidentified Adult


None  1 line   2+
     None   1 line   2+      None  1 line   2+      None  1 line    2+

Permanent Incisor

Tlatilco
  
78%    18%    4%     67%    29%   4%       82%   18%    0        33%     67%    0

Cuicuilco
 85%    15%     0       68%    32%   0          33%    33%  33%   100%

Tlajinga     
   0       20%   80%    33%    33%  33%      20%   20%   60%

Cholula    
 81%    16%     3%    82%    15%    4%    100%                         56%    44%

Permanent Canine

Tlatilco     
 62%   32%     6%    49%    42%     9%     69%   23%     8%     50%     50%

Cuicuilco  
 60%   33%      7%   50%    38%    12%    50%   25%    25%   100%

Tlajinga   
   0      40%    60%     0       47%     53%   25%   25%    50%      0

Cholula    
 67%   31%     2%    70%   28%       2%   75%   13%    12%      58%    37%   5%

Table 7

Comparison of Infectious Reactions by Sex and Age

Site

Females



Males


Subadults


   None    Slight   Mod/Sev
None   Slight   Mod/Sev
   None   Slight   Mod/Sev

Tibial Infection

Tlatilco 
      37%    51%      11%

32%
57%     11%
     41%    41%        18%

Cuicuilco     25%    52%      23%  

48%
33%     19%
     67%    22% 
    11%

Tlajinga      60%    30%      10%

59%
12%     29%
     68%    21%        11%

Cholula       11%    71%      18%  

15%
60%     25%
     22%    73%          5%

Skeletal Infection


   None  Present   Systemic
None  Present  Systemic
    None   Present   Systemic

Tlatilco
    52%      42%        6%

45% 
47%        8%            40%     47%         12%

Cuicuilco   67%      12%      21%

74%
12%      14%            83%       0            17%

Tlajinga     58%      42%        0   

50%
22%      28%            45%     45%         10%

Cholula      30%      62%        8% 

30%
65%
 5%            49%     49%           2%

Figure 1.  Map of the Basin of Mexico and Nearby Valleys with Locations of Sites Discussed in the Text.

Figure 2.  Percentage of Total Population with Porotic Hyperostosis

Figure 3.  Percentages of Individuals with Arm and Leg Trauma

Figure 4.  Percentages of Individuals with Skull, Facial, and Nasal Trauma

Figure 5.  Percentages of Individuals with DJD in the Arm

Figure 6.  Percentages of Individuals with DJD in Hip and Knee

Figure 7.  Percentages of Individuals with DJD in the Vertebrae

Figure 8.  Percent of Total Population with Tibial Infection

Figure 9.  Percent of Total Population with Skeletal Periostitis

Figure 10.  Comparison of Dental Pathology Indices
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