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Abstract 
 

 

 

 

This investigation aims to understand health and lifestyle of the Paleoamericans 

of Lagoa Santa, Central Brazil. Hundreds of human skeletons dated to the early Holocene 

were excavated in this region since the first interventions undertaken by Peter Lund in 

1833. The research tradition in Lagoa Santa has been dominated by studies of population 

history, craniometrics and migration models. In contrast, this work focuses on biocultural 

adaptation and human behavior. In fact, Lagoa Santa is the oldest skeletal collection in 

the New World containing enough individuals to undertake a population analysis. The 

traditional model of lifestyle of the first Americans characterizes these populations as 

small and highly mobile bands pursuing large game animals, such as mammoths and 

mastodons. This model is based on the archaeological remains of Clovis culture. 

However, archaeological evidence from South America at the Pleistocene/Holocene 

boundary shows a much more diverse picture, including flake stone industries and faunal 

remains of small-sized animals. Indeed, the archaeological record from Lagoa Santa does 

not match the Clovis culture evidence. In order to investigate lifestyle in Lagoa Santa, the 

Western Hemisphere project (WHP) database is used as a comparative sample. This 

database is composed of 6,733 prehistoric skeletons from 36 sites across the Americas, 
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belonging to foraging and farming populations. Because there is no archaeological 

evidence of domestication in the early Holocene population of Lagoa Santa, this 

investigation hypothesizes that Lagoa Santa is similar to the typical hunter-gatherer 

population of the WHP database. The collection of Lagoa Santa is composed of an 

estimated number of 195 individuals dated to 10,000 to 7,000 yr. BP based on 32 direct 

dates on bone and teeth. These skeletons are housed in three museums in Brazil. This 

work investigates five aspects of health and lifestyle of Lagoa Santa: oral health and diet 

(caries, abscess, antemortem tooth loss, tooth wear), activity (degenerative joint diseases, 

femoral midshaft diaphyseal shape, and postcranial fractures), infectious diseases 

(periosteal reactions), systemic stress during growth and development (stature, femur 

length, linear enamel hypoplasias, cribra orbitalia, and porotic hyperostosis), and 

interpersonal violence and warfare (cranial fractures). Univariate statistics are used to 

compare Lagoa Santa with the WHP database for each osteological and dental markers. 

The analyses are controlled by sex, age and inter-observer error. In addition, graphic and 

temporal analyses are undertaken. 

The results of this work shows that Lagoa Santa has poor oral health (statistically 

significant), high physical activity in the limbs, typical hunter-gatherer physical activity 

in the column, low mobility, low accidental injuries, high infections, high stress during 

growth and development (stature and cribra orbitalia), typical hunter-gatherer 

interpersonal violence and no warfare. There is a consistent pattern of Lagoa Santa 

deviation from the typical hunter-gatherer of the WHP database. Lagoa Santa tends to 

deviate in the direction of agriculturalists in oral health, mobility, infections and general 
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stress, having a worse health than expected for an early Holocene foraging population. 

These deviations from the typical hunter-gatherer of the WHP database should be 

interpreted with cautions, since only oral health reaches statistical significance. On the 

other hand, Lagoa Santa position within hunter-gatherer variability is not compatible with 

small and highly mobile bands of hunter-gatherers. In fact, Lagoa Santa can be 

characterized as a more dense society, occupying intensely a spatially restricted 

environment and eating cariogenic plants. These findings force us to reconsider the 

lifestyle of the first Americans, at least concerning populations living in tropical regions.   
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Chapter 1 : Introduction 
 

Problem 
  

The region of Lagoa Santa, central Brazil, has a long-standing tradition of 

archaeological and paleontological research in Brazil. The first systematic research in the 

region dates back to the 1830s, being led by the Danish naturalist Peter W. Lund (Pilo 

and Neves, 2002). Since then, hundreds of human skeletons have been uncovered from 

the limestone rockshelters of the region. Wesley H. Hurt was the first researcher to obtain 

a radiocarbon date from an archaeological site in the region, showing that human 

occupation started at least 9,720 yr. BP
1
 (Hurt, 1964). Neves and collaborators (1999) 

showed that one skeleton from Lapa Vermelha IV, known as Luzia, was stratigraphically 

dated to 11,500-11,000 yr. BP, indicating human presence in the region in late 

Pleistocene. Considering the human skeletal collection, there is no other early Holocene 

region in America showing so many skeletons as Lagoa Santa. This unusually old and 

large skeletal sample makes Lagoa Santa a hot spot to understand the first adaptations of 

the early inhabitants of the Western Hemisphere. 

 Lagoa Santa has acquired international relevance since the work of Peter W. 

Lund in the 19
th

 century. Hrdlička (1912), for example, dedicated a section of his book to 

                                                 
1
 Years before present (yr. BP) is used here due to its simplicity and direct derivation from radiocarbon 

dates. The “Present” is standardized as A.D. 1950. 
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early South Americans, discussing the antiquity of Lagoa Santa people. However, it was 

only in the 1990s that Lagoa Santa gained international relevance in the theoretical 

debates about the first Americans. Neves and Hubbe (2005) has defended the model of 

“two biological components” to explain the migrations from Asia to America, based 

largely on 81 late Paleoindian crania from the Lagoa Santa region. Morphological studies 

have been dominant in the history of research in Lagoa Santa (e.g., Alvim, 1977). Hence, 

it is not surprising that findings on cranial morphology have been the greatest 

contribution of Lagoa Santa to the debates in the international scenario.  

Studies focusing on lifestyle and biocultural adaptation have rarely been 

undertaken in Lagoa Santa (see Neves and Kipnis, 2004; Cornero, 2005 for exceptions).

 The aim of this work is to explore the potential of early Holocene skeletons of 

Lagoa Santa for reconstructing and interpreting adaptation and lifestyle of this past 

population. One reason that precluded previous researchers from carrying out this project 

is related to the conservation of the skeletal collection at the museums. More emphasis 

has been placed on the conservation of skulls than on postcranial bones. In addition, 

amateur archaeologists uncovered these skeletons without recording the appropriate 

spatial information, archaeological context, and bone conservation. The first challenge of 

this project is to re-visit the museum collections in order to use information from the 

entire skeleton, not only from the skulls. In that sense, this investigation agrees with 

Milner and collaborators (2009:129) that “…old collections contain much new 

information hidden within them. A case could be made – and in our opinion it would be a 

strong one indeed – that existing collections are as valuable a resource as much of the 
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material that still remains in the ground. Reanalyses of museum materials that address 

current research questions and employ up-to-date methods are absolutely essential for 

interpreting what took place in the distant past.” This work also takes advantage of a 

recent project, carried out by Walter Neves, of directly dating human bones housed at the 

museums. In addition, archaeological excavations undertook in Lagoa Santa since 2000 

have uncovered new human skeletons associated with botanic, zoological, and lithic data 

under strict spatial and chronological controls (Neves et al., 2008). The integration of 

museum collections and new archaeological data provide a more comprehensive picture 

of the ways people lived in Lagoa Santa. 

 The second challenge to studying lifestyle in Lagoa Santa is methodological. 

There is no collection of Paleoindian skeletons in the New World that is large enough to 

allow a population comparison with the early Holocene sample of Lagoa Santa. 

Furthermore, there is no late Pleistocene or middle Holocene collection - only single 

specimens - in the region of Lagoa Santa to allow a temporal reconstruction of their 

lifestyle. One solution to this problem has been developed in the last three decades of 

studies using stress indicators of the skeleton. Since a population approach to 

understanding past societies began in the 1960s and 1970s, numerous archaeological 

collections have been examined from this perspective (Cook and Powell, 2006). The 

skeleton has become a crucial tool to understand the interaction between human biology, 

culture, and physical environment. Goodman and collaborators (1988), for example, use 

the term biocultural adaptation as a holistic concept for describing the interaction 

between multiple factors such as human physiology, culture and physical environment. 
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The biocultural concept implies a complex interaction of multiple dimensions of human 

behavior, emphasizing multidisciplinary approaches to reconstruct human behavior and 

adaptation.  In this sense, the osteological markers are important windows to past 

behavior, since they are the result of complex interactions between the human body and 

the external environment. Another important advantage of these osteological indicators of 

stress is the possibility of undertaking broad comparisons between populations. Cohen 

and Armelagos (1984) assembled studies of skeletal collections from around the world to 

discern patterns of health and disease. Unexpectedly, they observed that hunter-gatherers 

have better health than farmers regarding the prevalence of skeletal indicators of stress. 

Their study can be considered the inaugural work in terms of use of skeletal collections to 

reconstruct past lives in a global perspective. 

 The following decades were marked by an increase of studies using skeletal 

indicators of health and disease to reconstruct past behavior. Larsen (1997) undertook a 

synthesis of this topic, or bioarchaeology, the “discipline that emphasizes the human 

biological component of the archaeological record.” (Larsen, 1997:3). He concluded as 

did Cohen and Armelagos (1984) that foragers show fewer skeletal stress indicators than 

farmers. Although this conclusion has gained solid support as the number of skeletal 

studies increases, methodological criticisms have pointed to shortcomings of studying 

skeletal material (Wood et al., 1992). The importance of multiple lines of evidence and 

the recognition of intrinsic limitations of the skeletal samples has been an important topic 

of the field (Wright and Yoder, 2003). Intending to improve the comparability of skeletal 

studies, Buikstra and Ubelaker (1994) published standard methodologies aiming to 
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decrease inter-observer errors in comparative studies. Tackling this same methodological 

issue, Richard Steckel and Jerome Rose carried out an ambitious project intending to 

analyze skeleton collections from across the Western Hemisphere. They developed a 

unified methodology that was applied to 12,521 skeletons from 218 archaeological sites 

in the New World (Steckel and Rose, 2002a). Subsequently, they expanded their project 

to archaeological collections in Europe, creating an updated methodological protocol 

(Steckel et al., 2006). This great effort of methodological standardization has generated a 

large database of skeletons analyzed under the same methodology. For the first time in 

the bioarchaeological field, researchers have the opportunity to make wide-scale 

comparisons using the same methodological protocol. In this work, a data set generated 

by the project of Steckel and Rose (2002a) was used as a comparative sample. This 

database aims to solve the long-standing problem of the lack of samples to compare 

Lagoa Santa collection.    

 The third challenge of this project is to place Lagoa Santa in a continental 

perspective. As mentioned before, the large skeletal collection of Lagoa Santa has the 

potential to impact current ideas about adaptations of the early inhabitants of the New 

World. The question of the origin of the first Americans has fostered much debate in the 

scientific community (Meltzer, 2009). Although there is growing consensus about a pre-

Clovis occupation of the Western Hemisphere, it has become clear that the entire Western 

Hemisphere was only robustly occupied beginning around 11,000 yr. BP (Faught, 2008; 

Steele and Politis, 2009). Studies about lifestyle of the first Americans have focused on 

topics of mobility and subsistence. The classic view of Paleoamericans as highly mobile 
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hunters of big game animals has been questioned using North America (Cannon and 

Meltzer, 2004) and South America evidence (Dillehay, 1999). This re-evaluation of old 

models has implications for our view of the lifestyle of early Holocene people. Places 

such as Las Vegas in Ecuador and the Nanchoc Valley in northern Peru have shown 

evidence of early domestication of plants (Dillehay et al., 2007; Piperno, 2009). 

Likewise, the culture of Paijan in northern Peru provides the first evidence of aggregation 

in the early Holocene period (Dillehay et al., 2003). These recent studies call attention to 

the rapid adaptation of populations to local environments. The transition from residential 

to logistic mobility, for example, seems to have occurred as early as the 

Pleistocene/Holocene boundary (Dillehay, 2008). Lagoa Santa provides an important 

contribution to these discussions, since it is possible to infer aggregation (using infectious 

disease) and mobility (using femur robusticity).                             

In summary, this study aims to articulate three central points: (1) make a broad 

study of the lifestyle of the early Holocene population of Lagoa Santa using the collection 

of skeletons housed at museums in Brazil. This investigation intends to break the 

historical tradition of craniometric studies in Lagoa Santa, looking instead to the entire 

skeleton through a biocultural perspective; (2) take advantage of the methodological 

standardization carried out by the Global History of Health Project. This investigation 

uses its large dataset of skeletons to put Lagoa Santa in the context of other skeletal 

collections across the New World; (3) discuss the results of this analysis under the 

perspective of migration, adaptation, and behavior of the first inhabitants of the New 
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World. In this sense, this investigation highlights the importance of Lagoa Santa to 

understand adaptation of the first human inhabitants of the New World.  

Hypothesis 
 

The early Holocene inhabitants of Lagoa Santa are characterized as a hunter-

gatherer population. There is no evidence of domestication of plants and animals in this 

period. Indeed, the first evidence of maize in the state of Minas Gerais, central Brazil, 

dates back to 2,500 yr. BP (Freitas et al., 2003). Hunter-gatherer societies, however, are 

not homogeneous. In fact, they encompass a broad range of strategies and lifestyles to 

cope with local environments (Kelly, 1995).  This variability of foraging strategies raises 

the question of where Lagoa Santa fits within the range of populations of the New World. 

In this work, we investigate five aspects of the lifestyle of the hunter-gather population of 

Lagoa Santa: oral health and diet, activity (mobility, workload, and accidental trauma), 

infectious diseases, systemic stress in growth and development, and interpersonal 

violence and warfare. Each of these aspects is inferred from a suite of osteological 

indicators of health.  

This study uses the database of the Western Hemisphere project (WHP) as the 

comparative sample, totaling 6,565 prehistoric skeletons from 35 archaeological sites 

including foragers and farmers (Steckel and Rose, 2002a). In this sense, the lifestyle of 

Lagoa Santa population is characterized by comparing with this sample. Considering 

Lagoa Santa as a hunter-gatherer population, this study delineates expectations about the 

health and disease profile of a typical hunter-gatherer population. This typical forager 
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described here is only a simplification intending to establish a reference in elaborating 

working hypotheses. The characterization of the typical hunter-gatherer is based on 

Larsen (1997) and Cohen and Crane-Kramer (2007). The typical hunter-gatherer is 

characterized here as having good oral hygiene and varied diet (low caries, abscesses and 

antemortem tooth loss but high tooth wear), high mobility and activity patterns, low 

prevalence of indicators of systemic stress, low infectious diseases, and low prevalence of 

inter-personal trauma. This characterization is always framed in relation to comparisons 

with farmers. In general, foragers show fewer indicators of stress than farmers. Hunter-

gatherers are seen here in contrast to farmers, even though it is known that this division is 

arbitrary. Indeed, there is a spectrum ranging from exclusive foragers to complete 

reliance on domesticated species, including all sorts of intermediate cases. It is possible 

to frame this same description of the typical hunter-gatherer in terms of temporal 

variation. Steckel and colleagues (2002a) have shown that there is a temporal trend in the 

New World of decreasing general health over time. This temporal trend is intimately 

linked to the widespread adoption of a farming lifestyle in late Holocene. In this sense, 

our typical hunter-gatherer description can also be understood as the expected early 

Holocene inhabitant of the America.  

The overall null hypothesis of this work, therefore, is that the Lagoa Santa 

population shows the typical profile of osteological indicators of hunter-gatherers. The 

alternative hypothesis is that Lagoa Santa deviates from foragers, being instead closer to 

farmer populations in their health and lifestyle profiles. Each of the five dimensions of 

lifestyle is tested separately. The goal in this work goes beyond a simple test of 
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hypotheses, but instead this investigation aims to determine where Lagoa Santa fits 

within the range of variation of other skeletal populations. The ultimate goal of this work 

is to infer behavior of the early Holocene inhabitants of Lagoa Santa. Furthermore, its 

results are interpreted in the context of archaeological evidence across the Western 

Hemisphere. 

Dissertation organization  
 

 This dissertation is organized in eight chapters. Chapter 2 is named “The first 

Americans in the New World.” This chapter summarizes current knowledge of the first 

settlers of the Americas. The first part of the chapter refers to the origins of these settlers. 

This section is divided into place of origin, route (s) of migration, number of migrations, 

and date of arrival. Subsequently, this chapter discusses current knowledge about 

Paleoindian lifestyle, reviewing the topics of mobility, demography, and subsistence. 

Lastly, the mobility and subsistence of early Archaic societies are also assessed. 

 Chapter 3 is named “Lagoa Santa.” This chapter gives an overview of the 

history of Lagoa Santa beginning with the first studies of Peter Lund in the 19
th

 century. 

In sequence, this chapter briefly discusses environment and geology, emphasizing 

paleoenvironmental studies in the region. Then, the insertion of Lagoa Santa in the 

Pleistocene/Holocene studies in central Brazil is discussed. Lastly, this chapter discusses 

previous bioarchaeological studies using the collection of Lagoa Santa skeletal remains, 

highlighting the lack of lifestyle studies on the region. 
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 The fourth chapter is called “Bioarchaeology and health.” This chapter 

provides a brief history of bioarchaeology, pointing out the main goals underlying the 

field. Among them, the consolidation of biological theory of evolution in physical 

anthropology is emphasized, as well as the importance of the biocultural adaptation 

concept for bioarchaeology. Subsequently, this chapter stresses the dimension of 

bioarchaeology that is interested in understanding global patterns of lifestyle in past 

populations. This line of investigation is called bioarchaeology in a global perspective, 

since it aims to understand broad patterns in human health. Finally, this chapter provides 

a brief overview of the osteological indicators related to each one of the five aspects of 

lifestyle analyzed here, discussing their significance for reconstructing past behavior. 

Chapter 5 is the “Materials and methods.” This chapter describes the 

archaeological sites comprising the Lagoa Santa sample, including the dates and context 

of excavations, and the estimated number of human skeletons excavated. This chapter 

describes the skeletal remains for each museum collection. Then, the direct dates on 

bones are discussed, using them as the main criterion to include skeletons in our early 

Holocene sample. In addition, this chapter gives information about data collection 

methods, age and sex estimation, comparative methods, and statistical analyses. 

 Chapter 6 is the “Results.” This chapter is divided into five sections. Each one 

consists of one aspect of the lifestyle of the early Holocene population of Lagoa Santa. 

The chapter is divided into oral health and diet, activity (mobility, workload and 

accidental trauma), infectious diseases, systemic stress in growth and development, and 
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interpersonal violence and warfare. Each section contains the characterization of the 

Lagoa Santa sample and a statistical comparison with the WHP database.  

 Chapter 7 is the “Discussion.” This chapter discusses the results of the 

osteological indicators in light of the archaeological context of Lagoa Santa and other 

relevant sites comprising the WHP database. This chapter discusses the implications of 

accepting or rejecting the null hypotheses for the New World models of occupation and 

adaptation. The ultimate goal of this chapter is to reconstruct the behavior of the Lagoa 

Santa people in the broad context of the New World. 

 Chapter 8 is the “Conclusions,” which summarizes the results of this study, 

projecting their impact on our current understanding of the early American inhabitants. 

Subsequently, this chapter outlines possible future avenues of research that can build on 

this study.  

  



12 

 

 

Chapter 2 : The first Americans in the New World 
 

The Americas were the last habitable continents to be occupied by humans.  

Unlike the Eurasia, there is no evidence of other Homo species in the Americas besides 

fully modern humans (Powell and Neves, 1999).  In this sense, the occupation of the 

Western Hemisphere should be understood from the perspective of modern human 

behavior. Indeed, the occupation of the New World involved the exploitation of a 

completely new land, with plentiful resources and new niches (Meltzer, 2002). The first 

occupation of the New World, therefore, has little if any precedent in the known cases of 

late prehistoric human expansions
2
. Considering the importance of models of peopling of 

America and their influence on the lifestyle of these first habitants, the colonization of the 

New World is discussed first, and subsequently lifestyle of these first habitants is 

considered. 

 The term Paleoamerican is adopted throughout this investigation for describing 

the early inhabitants of the New World. This term has been recently used by the Center 

for the the Study of First Americans from Texas A&M University in order to emphasize 

the biological and cultural distinctions between early and modern Americans 

(Bonnichsen et al., 2005). Jantz and Owsley (1997) and Steele and Powell (1999) used 

                                                 
2
 The colonization of Australia is a similar case, however, involving a smaller area and a less diversified 

environment. 
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this term to refer to skeletons belonging to late Pleistocene and early Holocene, which 

possessed a distinct cranial morphology than modern Americans.     

Regarding the temporal notation, years before present (yr. BP) is adopted in this 

study. Some archaeological sites are reported in the literature in calibrated years before 

present (cal BP) based on tree rings and coral correction curves
3
. Calibrated years are 

used in this study when dates from genetic methods or tempo of colonization are 

important issues. 

Colonization of the New World 

Place of origin 
 

Dating back from the first attempts to classify Native Americans in a racial 

framework, the mainstream view on the origin of Native Americans proposes an Asian 

migration. Hrdlička (1932, 1937) was the leading proponent of the Asian origin. He 

argued that the craniofacial but especially dental morphology of Native Americans is 

similar to populations from northeast Asia (Hrdlička, 1922). He further argued that the 

migration route was across the Beringia land bridge. Morphological similarity between 

Asians and Native Americans regarding hair, face shape, and eye folds also contributed 

to the consolidation of this view (Crawford, 1998). The work of W. W. Howells added a 

new tool for analyzing place of origin of the Paleoamericans. He standardized a set of 

cranial linear measurements, allowing for comparing populations worldwide. Howells 

                                                 
3
 Calibrated dates vary widely among different studies, depending on the curve of calibration adopted. In 

addition, oscillations of 
14

C reservoir can generate some uncertainty regarding calibrated ages for Late 

Pleistocene (Hughen et al., 1998; Fiedel, 1999; Guilderson et al., 2005).  
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(1973, 1989) supported the view that recent Native Americans and Asians are similar 

regarding cranial morphology. Analysis of dental traits also independently confirmed the 

link between the Americas and northeast Asia. Turner (1987, 1990) showed that Native 

Americans possess a Sinodonty dental complex, consisting of a set of nonmetric traits 

found in high frequencies in China, Mongolia, Siberia, and in Native Americans. For 

instance, New World inhabitants’ teeth have high frequencies of shoveling, double-

shoveling, and three-rooted first lower molars. The other dental complex, Sundadonty, is 

found in Southeast Asia, Polynesia, and Micronesia, which Turner regarded as the 

ancestral form of the Sinodonty complex. Although this classification has a strong 

typological basis, it shows the close relatedness between Asians and Native Americans. 

Recently, the earliest human remains in the Americas, named Paleoamericans, have been 

debated. Craniometric studies of South American Paleoamericans have identified 

differences between them and modern Asian skulls (Neves and Pucciarelli, 1991; Neves 

and Hubbe, 2005). Although explanations for these differences range from multiple 

migrations (Hubbe et al., 2010) to a single migration with local microevolution 

(Gonzalez-Jose et al., 2008), there is a consensus that a migration or migrations 

originated in East Asia. 

 Since the 1960s, molecular studies have also contributed to the discussion of 

place of origin of the first Americans. Based on classical protein polymorphisms, HLA 

and immunoglobulin genes, the link between Native Americans and Asians has gained 

support (Schurr, 2005). Some studies found more similarity between southeast Asia and 

Polynesia, and Native Americans (e. g., Matson et al., 1967). However, the majority of 
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the studies have linked Native Americans to Northeast Asia inhabitants (Williams et al., 

1985; Black et al., 1991). The advent of genetic analyses provided another perspective 

for the origin of the first Americans. Studies of mitochondrial DNA have identified four 

haplogroups (A, B, C, and D) in recent inhabitants of the Western Hemisphere (Schurr et 

al., 1990). These haplogroups are also found in Asians, strengthening the relation 

between these continents. On the other hand, Brown and colleagues (1998) found a 

haplogroup named X in low frequencies in North Americans. This haplotype is found in 

high frequencies in Europeans but rarely in Asians. Excepting this X haplogroup, the 

overall body of evidence indicates an Asian origin for the Native Americans.  

The next step has been identifying the area in Asia from which the first 

Americans migrated. Y chromosome studies suggest that the Altai Mountains, in Central 

Asia, are a possible place of origin (Zegura et al., 2004). Other studies propose Beringia 

as the center of dispersion (Tamm et al., 2007). Studies using mtDNA have pointed to 

Mongolia as the place of origin, since we observe the vast majority of haplogroups found 

in America in this Asian region (Merriwhether et al., 1995). Kidd and colleagues (2011) 

also report a central Asia origin using autosomal DNA (SNPs). On the other hand, other 

studies propose multiple migrations coming from different places. For instance, Torroni 

and colleagues (1993) observed that recent populations in Siberia do not have haplogroup 

B, which is found in inhabitants of the East Asian coast. Accordingly, they proposed a 

coastal migration explaining a more recent wave of migrants into the New World, who 

carried haplogroup B. Taken as a whole, the genetic evidence indicates Asia as the place 

of origin of the first Americans. However, the exact center of dispersion remains 
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unknown. In fact, the use of modern populations as evidence for the origin of the first 

migration (s) to the Americas runs the risk of not considering the diachronic variation 

from Late Pleistocene to the present (Roseman and Weaver, 2004).  

 In summary, a massive body of evidence points to Asia as the origin of Native 

Americans. This evidence comes from independent sources such as skeletal morphology, 

molecular biology, and genetics. Although alternative scenarios have been raised 

proposing migration from Oceania (Rivet, 1943) and Europe (Bradley and Stafford, 

2004), none of them have substantial support (Strauss et al. 2005; Schurr, 2005).  

Route(s) of migration 
 

 Beringia, or the Bering Strait, is the most likely route of migration to the New 

World. This strait is the closest point between the land masses of Asia and America. In 

fact, the Bering Strait became a land bridge during the Late Pleistocene when sea level 

dropped 120 m (394 ft.) during the Last Glacial Maximum (LGM) from 25,000 to 18,000 

yr. BP, connecting the two continents by land (Elias, 2002). Two scenarios are currently 

debated regarding specific routes of migration, namely coastal and inland migration. 

 Paleoenviromental data are crucial for evaluating the two routes. During the 

Late Pleistocene, two ice sheets, the Laurentide and Cordillerian, blocked the routes from 

Asia to the New World. The traditional model of peopling of the New World states that 

the first Americans arrived in the New World through an inland route when the two ice 

sheets began to recede after the Last Glacial Maximum (Fagan, 1990). Being an ice-free 

corridor, this route connected eastern Beringia with the northern Great Plains of North 
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America. This model was widely accepted, since the Clovis inhabitants of the Plains were 

considered the first people of the New World. In fact, Clovis culture was found 

throughout North America from 11,050 to 10,800 yr. BP (13,125 to 12,925 yr. cal BP; 

Waters and Stafford, 2007).  

In the 1990s, new paleoclimatic data were generated showing that the ice-free 

corridor was not fully open before 12,000 yr. BP (Elias, 2002). Although the inland route 

could still explain Clovis settlements, it could not take into account any pre-Clovis 

migration before 12,000 yr. BP. Concurrent with these new data, additional 

paleoenvironmental studies showed that a Pacific coastal route was open as early as 

15,000 yr. BP. This second route, then, became the only route available to explain pre-

Clovis migrations after the Last Glacial Maximum
4
 (Mandryk et al., 2001; Goebel et al., 

2008). 

In summary, coastal migration into the New World has gained support in the last 

decade from many sources of evidence (Nichols, 2002; Jantz and Owsley, 2005; 

Erlandson et al., 2011). However, this migration does not preclude a later inland route as 

well. Coastal migration is currently the most probable explanation for a pre-Clovis 

occupation in America, but the inland route remains a possibility for the origin of Clovis 

culture.  

                                                 
4
 Both coastal and inland routes to the New World were open before 25,000 yr. BP, when the ice sheets 

were receded. On the other hand, the formation of the Beringia land bridge occurred only between 30,000 

to 11,000 yr. BP. A migration before the LGM is highly controversial (see section “date of arrival” in this 

chapter). 
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Number of migrations 
 

 Current genetic evidence favors the single migration model, finding support for 

it in both the mtDNA (Merriwether et al., 1995; Bonatto and Salzano, 1997; Fagundes et 

al., 2008) and Y chromosome (Zegura, 2004). On the other hand, there are some studies 

that defend the scenario of multiple migrations for the entire Wesrtern Hemisphere 

(Torroni et al., 1993), while orther studies restrict these multiple migrations to the 

circum-Arctic region (Schurr, 2004; Derenko et al., 2007). In fact, the majority of the 

molecular studies points to a single or a reduced number of migrations. 

 Genetic evidence seems to be in conflict with morphological evidence. Neves 

and Pucciareli (1989, 1991) determined that Paleoindian skulls from South America are 

clearly distinct from modern Native Americans. Neves and colleagues ran multivariate 

analyses comparing Paleoamericans to a worldwide modern database, realizing that the 

first Americans clustered with modern Africans and Australians rather than modern 

Northeast Asians. In addition, Paleoindian crania were clearly different from modern 

Native Americans, which clustered with Asians (Neves et al., 1996, 2004b; Neves and 

Hubbe, 2005). From these results, Neves proposed the model of “two biological 

components”. The first component is characterized by generalized skull morphology 

similar to the Upper Cave cranium found in central Asia and dated to the Late 

Pleistocene. This first component is also similar to modern Africans and Australians in 

terms of cranium morphology (Neves et al., 1996). The second component showed a 
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typical mongoloid morphology, replacing the first component in the New World during 

the Holocene. The sample of Paleoindian skulls included Lagoa Santa (Brazil), Mexico 

Basin (Mexico), Pali Aike (Chile), Sabana de Bogotá (Colombia), and Warm Mineral 

Springs (USA). Steele and Powell (2002) showed that the situation in North America is a 

little more complicated, being characterized by higher diversity of skull morphology. 

Gonzalez-Jose and colleagues (2003) found morphological similarities between 

Paleoamericans and modern inhabitants of Baja California, Mexico. The morphology of 

this modern population was explained as a survivor of the first biological component, not 

being replaced as the other populations in America due to geographic and cultural 

isolation. In short, cranial morphology suggests at least two different migrations to 

America as long as it is assumed low skull plasticity.  

In an attempt to reconcile the craniometric data with the single migration model, 

Gonzales-Jose and colleagues (2008) proposed a new interpretation for cranial 

morphological variability found in America. Their proposal is based on the following 

arguments. First, the Late Pleistocene inhabitants of Asia and North America were much 

more variable than previously thought (but see Hubbe et al., 2011). Second, modern 

Native Americans are morphologically variable, showing cranial morphologies that range 

from generalized to specialized (“mongoloid”). Indeed, mongoloid is considered an 

incorrect term to describe variability within modern populations. In fact, mongoloids 

consist of a highly variable morphology. Third, they use geometric morphometry, since it 

is a more biologically meaningful technique to measure skull shape. In sum, this model 

interprets the differences between Paleoamericans and modern Native Americans as the 
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result of local micro evolutionary processes acting on a highly variable population. 

According to this model, the cranial morphology of early and modern Native Americans 

is compatible with the single migration model (see contrary view on Hubbe et al., 2010). 

Recently, a new model called “recurrent gene flow” sustains a single migration model 

using craniometric data, but it states that Circum-Artic contact occurred between Asia 

and North America (Azevedo et al., 2011).  

Regarding dental morphology, Sundadonts and Sinodonts seem to characterize 

early and modern Native Americans’ teeth, respectively (Powell, 2005). It should be kept 

in mind, however, that these typological divisions are not the best means of 

understanding evolutionary processes. In fact, further studies need to be undertaken to 

understand if these temporal differences are the result of local microevolution or multiple 

migrations. 

In conclusion, there is no agreement about the exact number of migrations to 

America. The majority of the studies propose few waves of migrants, mostly one or two 

depending of the nature of the data used.  

Date of arrival 
 

 The date of the peopling of the New World has been debated since the 

nineteeth century in America. Known at that time as the American Paleolithic debate, 

C.C. Abbott and W.W. Holmes argued fiercely about the antiquity of the first human 

habitants in the Americas (Fowke, 1902). The former claimed a Pleistocene occupation of 

the Americas based on lithic similarities with the European Paleolithic, while the latter 
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counter-argued that those lithics were merely quarry refuse of modern groups (Meltzer, 

2005). Hrdlička (1912) favored Holmes’s view but using evidence instead from human 

skeletons. For him, the evidence indicated that no Pleistocene human skeleton was ever 

found in the New World. The consensus about the Pleistocene migration to America 

began to change in 1927, when a lanceolate point with a fluted groove at the base was 

found between the ribs of a Pleistocene bison at Folsom, New Mexico (Meltzer, 2009). 

Some years later, another fluted point associated with Pleistocene megafauna was found 

at Blackwater Draw, New Mexico, close to the Clovis town. These fluted points changed 

the understanding of the peopling of America. Since then, the Pleistocene occupation has 

been widely accepted by the scientific community. 

 After this Clovis type site was found, a number of other archaeological sites 

have shown the same association between Clovis points and mammoths (and less often 

mastodons) in North America. With the advent of radiocarbon dates, the Clovis sites 

were dated to the Late Pleistocene between 12,000 and 11,000 yr. BP (Fiedel, 2000). 

Recently, Waters and Stafford (2007) revised the dates of 11 Clovis sites and narrowed 

their occupation from 11,050 to 10,800 yr. BP (ca. 13,125 to 12,925 yr. cal BP). Since the 

first discovery of Clovis points, the fluted points have been found in a wide geographic 

area from Mexico to Alaska, from east to west of North America. The Clovis culture 

represented by these points has been long recognized as the first occupation of the North 

America. The model has been known as the Clovis-first model. Since then, many pre-

Clovis sites have claimed being more ancient than the Clovis culture. However, problems 
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with dating, archaeological context and uncertain artifacts have ruled out all the potential 

candidates (Lynch, 1990). 

 Despite many contenders, only in the 1990s did an archaeological site break 

the 12,000 yr. BP barrier, at least for the mainstream scientific community. Excavated in 

the 1970s and 1980s, Monte Verde is located in the southern tip of South America. 

Stratum II of this site preserved a human occupation dated to 12,500 yr. BP, including 

rarely preserved materials such as wood, hides and plant remains (Dillehay, 1989, 1997). 

The material was so intact that it was possible to identify organic remains of two housing 

structures and their respective internal spatial organization. After being visited by a group 

of renowned scholars, the site was accepted as the oldest site in the New World (Meltzer 

et al., 1997). Although only a few scientists constituted the visiting party, the majority of 

the scientific community accepted their opinion. On the other hand, some other potential 

pre-Clovis sites have been severely criticized. The most contentious site has been the 

Meadowcroft rockshelter in Pennsylvania (oldest stratum dated to 19,000 yr. BP; 

Adovasio et al., 1990). Despite the thorough excavation undertaken in this site, critiques 

focused on its incongruent paleoenvironmental record and dating problems due to 

charcoal contamination from the soil (Haynes, 1980). Additional sites have been claimed 

as pre-Clovis sites in North America. The most notorious are Cactus Hill, Topper and 

Paisley Cave. The first two are still being debated concerning their age (Meltzer, 2009), 

while the third was dated to 12,300 yr. BP using human coprolites (Gilbert et al., 2008). 

Another contender to a pre-Clovis site was Pedra Furada in northern Brazil. Charcoal of 

inferred hearths was dated to ca. 50,000 yr. BP. The lithic material, however, was 
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questioned as the result of natural breakage of rocks coming from the top of a cliff near 

the rockshelter (Meltzer et al., 1994). 

 Recently, Waters and colleagues (2011) reported a pre-Clovis site, named the 

Debra L. Friedkin site, located in central Texas, which contains more than 15,000 lithic 

artifacts claimed to be made by humans. This site contains successive occupations of 

early Archaic, Folsom, Clovis, and pre-Clovis. The last occupation is dated to 15,500 to 

13,200 yr. BP by optically stimulated luminescence (OSL) method
5
. The lithics found on 

this layer were named the Buttermilk Creek Complex, consisting of bifacial technology. 

This complex is characterized by small and lightweight tools, which suggest a population 

with high residential mobility. The bifacial nature of these tools could be a good ancestral 

candidate to Clovis points, which would be a North American local development. This 

site is crucial in establishing the pre-Clovis model for the occupation of the New World. 

In addition, this North American site is slightly older than Monte Verde in Chile (dated to 

14,600 to 14,100 cal yr. BP). This finding is crucial to making sense of a colonization 

coming from the north and expanding to the south of the New World.  

In Alaska, where the first archaeological sites are expected to be found, there is no 

site older than Monte Verde. The oldest accepted archaeological sites were found in the 

Nenana and Tenana rivers. The Nenana complex has the earliest dates such as the date of 

11,770 yr. BP for the Broken Mammoth site (Waters and Stafford, 2007). A large 

diversity of lithic technology is found in Alaska. Bever (2006) divides the Pleistocene 

groups in Alaska in Nenana, Denali, and Mesa complex. The Nenana complex is 

                                                 
5
 This method provides dates that correspond to the calibrated ages for the radiocarbon method 
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traditionally considered a potential ancestral of Clovis culture (Goebel et al., 1991), since 

both share blades and lanceolate bifacial points. Nonetheless, while the Nenana shows the 

tear-drop biface (Chindadn points), Clovis culture possesses fluted points. Buchanan and 

Collard (2008), using cladistic principles, argue that Denali and Clovis are closer to each 

other, while Nenana is a separate group, being potentially the ancestral of the two later 

cultures. In fact, Nenana is older than Clovis, the former being a potential ancestral group 

of the latter. However, the Monte Verde site is still older than any accepted 

archaeological evidence from Alaska.          

      Roosevelt and colleagues (2002) deal with the problem of Clovis and pre-

Clovis cultures in a different manner. She recognizes that Clovis is one of the first well-

established cultures in the New World, but it is not the only one. She points out many 

other cultures in South America that are as old as Clovis. The site of Pedra Pintada in the 

Amazon, for instance, has an early layer of human occupation (initial A) dated to 11,075 

yr. BP. She calls her model of occupation of the New World “Clovis-in-context,” since 

Clovis culture is only one out of many simultaneous adaptations derived from an 

unknown ancestral population. Roosevelt suggests that this ancestral population might be 

the Nenana people. However, contrary to the majority of the scientific community, she 

does not accept Monte Verde as a pre-Clovis site. Faught (2008) observes that the first 

archaeological sites of the New World do not show a north-to-south sequence of 

colonization. Steele and Politis (2009), for instance, show that in the southern cone of 

South America, archaeological sites dating to 11,000 yr. BP are simultaneous to Clovis 

groups in North America. In contrast, the finding of a well-dated pre-Clovis site in central 
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Texas provides some evidence for the north-to-south colonization (Waters et al., 2011). 

However, more pre-Clovis sites need to be found to show a chronological sequence of 

colonization from Alaska to South America.    

 Genetic data have brought another important line of evidence for dating the 

first colonization to the New World. Studies of mtDNA and Y chromossome provide an 

estimate of coalescent time corresponding to the diversity of DNA found in modern 

Native Americans. Proponents of the single migration model have found a single date 

(around 20,000 yr. BP) for all the American haplogroups found in America (A-D, X; 

Bonatto and Salzano, 1997; Fagundes et al., 2008). However, other studies have found 

different coalescent ages that range from 35,000 to 15,000 yr. BP (Torroni et al., 1994; 

Bonatto and Salzano, 1997; Silva et al. 2002; Achilli et al., 2008). Studies with Y 

chromosome, in turn, have shown slightly later coalescent times, ranging from 18,000 to 

14,000 yr. BP (Zegura et al., 2004). In general, molecular studies have pointed out earlier 

dates of entry than accepted archaeological sites. This discrepancy can be interpreted as 

either a confirmation of a pre-Clovis occupation of America or a difference between 

coalescent times and actual colonization. Regarding the latter possibility, Tamm and 

colleagues (2007) claimed that the period of DNA divergence occurred in Beringia before 

the expansion to America. Named the standstill model, this pre-colonization population 

requires archaeological sites older than 14,000 cal yr. BP in Beringia, which has not been 

found yet probably because the sites are underwater. 

 In summary, the last decade was marked by a paradigmatic shift from a Clovis-

first to a pre-Clovis model. Monte Verde in South America was crucial to this theoretical 
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shift. Yet little consensus exists on the validity of other pre-Clovis sites. Recently, Waters 

and colleagues (2011) provided the most solid evidence of a pre-Clovis occupation in 

North America. However, a single site is not enough to establish a colonization 

originating in the North and extending to South America. In fact, evidence derived from 

genetics is still too old to be matched with archaeological findings. As the few pre-Clovis 

sites have shown so far, archaeologists need to be prepared to find small and generalized 

stone instruments in order to find the first occupants of the Western Hemisphere. 

Paleoamerican lifestyle 
 

 Paleoindians have been characterized as hunters of big game, living a highly 

mobile lifestyle. Willey and Phillips (1958) formalized this definition separating 

Paleoindians from archaic populations. They established the cut off point at 10,000 yr. 

BP, exactly at the transition point from Pleistocene to Holocene. In this investigation the 

term Paleoamerican is used instead in order to include late Pleistocene and early 

Holocene periods under the same terminology
6
. Recently, the traditional model of 

Paleoamerican lifestyle has undergone drastic changes. The evidence supporting this 

model shift is investigated in this chapter regarding demography, mobility, and 

subsistence.      

                                                 
6
 Alternatively, some studies used the term late Paleoindians to describe the inhabitants of early Holocene 

period (Neves et al., 2004b). 
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Demography and mobility 
 

  The traditional model of Paleoindian mobility is originally based on lifestyle of 

the Clovis people. Since the first Clovis sites were found in the 1930s, Clovis points have 

been excavated throughout North America from west to east and north to south. The 

traditional model predicts high mobility for these hunters since they were pursuing 

patchily distributed Pleistocene megafauna (Kelly and Todd, 1988). In addition, revision 

of Clovis site dates has shown a short period of occupation ranging from 200 to 450 years 

(Waters and Stafford, 2007). The reasons for their extremely rapid expansion have been 

discussed over the last decades. One explanation considers diffusion of Clovis technology 

instead of actual migration. In this case, however, we would have to assume an extensive 

pre-Clovis occupation of the North America territory. In fact, the available evidence of 

pre-Clovis sites is very sparse and debatable.  

 The classical model of Paleoindian occupation of the Americas suggests a 

wave-like expansion, where highly mobile bands expanded in all directions. Martin 

(1973) suggested that populations with high fertility rates (3.4% per year) would be able 

to expand from Alaska to the tip of South America in 1,000 years. In order to test this 

model, some researchers attempted to connect Clovis in North America and Paleoindian 

South American populations. Morrow and Morrow (1999) claim that fluted Clovis points 

are technologically similar to Fishtail points found in southern South America. They 
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imply a relation of ancestry between these points, with the Clovis points being the older 

ones. However, new findings in South America have shown that the Fishtail points are 

coeval with Clovis points around 11,000 yr. BP (Jackson et al., 2007). Although the 

oscillations in the carbon reservoir of the atmosphere in late Pleistocene cause some 

problems in radiocarbon dates in this period (Fiedel, 1999, 2006), less than 1,000 years 

separate North and South American occupations (Faught, 2008; Steele and Politis, 2009).      

 The relation between fertility and mobility is also important to understand 

lifestyle of Paleoamericans. Surovell (2000) proposes that high fertility is compatible 

with highly mobile hunters. He solves this apparent paradox arguing that residential 

mobility is different from daily mobility. In the event that Paleoamericans moved their 

residential camps frequently they would not need to cover a large area daily to forage. In 

fact, the residential camps would be moving toward areas richer in the desired food. In 

this sense, high residential mobility would decrease the cost of daily transportation of 

children, allowing higher fertility rates. This study suggests that rapid colonization could 

be accomplished by the first colonizers as long distances covered per day were not high. 

 Meltzer (2002) also deals with the topic of mobility but from a diachronic 

perspective. Using the technological styles of Paleoindian point arrows, he observes 

increasing of regional specializations over time in North America. While the technology 

of early Paleoamericans is relatively similar across North America, the late 

Paleoamericans show an increase of local traditions and stylistic variation of arrow 

points. Meltzer explains these late regional specializations as the result of increased local 

knowledge and progressive establishment of boundaries. For him, the early 
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Paleoamericans were moving into a nearly empty territory, while the late Paleoamericans 

had to deal with neighbor groups. Meltzer (2009:252) raises the possibility that Clovis 

caches are additional evidence of colonization of an empty territory. One of the cache 

functions would be a lithic reservoir in the event that the new settlers did not find stone 

outcrops to obtain raw material for instruments. Indeed, lithic caches are not found in late 

Paleoamericans, indicating better knowledge of the landscape. Furthermore, Andrews and 

colleagues (2008) found another piece of evidence indicating less mobility in Folsom 

settlements of the late Pleistocene. They observed more size variability of Folsom 

settlements than predicted for the model of high Paleoindian residential mobility. This 

body of evidence points to decreasing mobility from early to late Paleoamericans. 

The archaeological record of North America constitutes the main source of data 

for the traditional model of Paleoindian mobility and demography. The main support for 

the high mobility model consists of ephemeral archaeological occupations, high quality 

material of the tool kit, and evidence of big game hunting (Kelly and Todd, 1988). The 

South American record, however, brought a new perspective on the first colonizers of the 

New World. Settlements and lithic technology are much more diversified in South 

America. Archaeological sites are found in the grasslands of the southern cone, in the 

pacific coast and in highland caves in the Andes (Dillehay, 2000). Dillehay (2008) 

classified these first inhabitants as highly mobile like Clovis culture. However, he pointed 

out a much broader range of adaptations. People in South America seem to have 

undergone the transition from mobile foragers to semi-sedentary settlers at the 

Pleistocene-Holocene boundary. Cultures such as Paijan, Las Vegas and eastern Brazil 
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show more permanent settlements than in North America, taking advantage of zones of 

rich resources. Dillehay (2008) classified these populations as having logistic mobility, 

which consists of a permanent base camp in a territory with multiple resources. People 

organize specialized group tasks in order to bring these different resources to the 

permanent camp. The contrasting pattern is named foraging mobility, where the 

residential camp moves constantly in the direction of the resource (Binford, 1980). 

Dillehay (2008) found both types of settlement in the Pleistocene record of South 

America, even though he identified a trend to more logistic mobility over time.     

 In summary, Paleoamericans are traditionally characterized as being very 

mobile bands that dispersed rapidly over a wide territory. There is a growing consensus 

that the route of dispersion of the first colonizers included the coastal route (Erlandson, 

2002; Fix, 2005; Erlandson et al., 2007), main rivers and open plains (Anderson and 

Gillam, 2002), contrary to the classic wave-like model of expansion (Martin, 1973). 

Recently, new evidence in North America suggests that late Paleoamericans already 

developed some regional and local strategies of subsistence, limiting their residential 

mobility (Meltzer, 2002). Diversity and local adaptations are even more prominent during 

the Pleistocene/Holocene boundary in South America (Dillehay, 2000).   

Subsistence 
 

 The association of humans and megafauna was crucial to the acceptance of 

Pleistocene human occupation of the New World in the first half of the 20
th

 century. In 

fact, Clovis people are usually depicted as specialized big game hunters. The traditional 
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Clovis-first model regards Clovis culture as ancestral of the remaining populations of the 

Americas. Martin (1973) proposed an influential theory at the time that claimed that the 

human arrival in America was responsible for the megafauna extinction. This hypothesis 

is known as the overkill theory. Alroy (2001) ran computer simulations that correctly 

predicted the extinction or survival of 32 out of 41 prey species along with human arrival 

and dispersion in the New World. His study estimated ecological behavior of the animals 

and growth and hunting ability of humans. 

In the last 20 years, many researchers have questioned the classic image of the 

first inhabitants of the New World as specialized large game hunters. Kill sites in the 

Great Plains of the United States are used as models for Clovis subsistence. However, 

Grayson and Meltzer (2002) showed that only 14 kill sites have solid evidence of big 

game hunting during the Clovis period. Among them, 12 sites have mammoth remains 

and two sites have mastodon remains. Accordingly, archaeological evidence in North 

America is too fragile to support the overkill hypothesis. In fact, 35 genera of megafauna 

were extinct in North America at the end of the Pleistocene, while only two genera were 

actually hunted by Clovis people (Grayson and Meltzer, 2003). In addition, Cannon and 

Meltzer (2004, 2008) suggested that Clovis people were not specialized in big game 

hunting, but instead they had a more generalized foraging strategy. They explain the 

apparent consensus on the specialized subsistence model due to the high archaeological 

visibility of the kill sites. In fact, there are few residential camps dating to the Clovis 

period. One of these sites is at Aubrey in Texas, showing a wide variety of animal prey 

(Cannon and Meltzer, 2004). Moreover, adequate botanical and zooarchaeological studies 
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in Paleoindian sites have only recently begun (Walker and Driskell, 2007; Kornfeld and 

Larson, 2008). 

Other researchers still maintain their belief in the big game hunting model at least 

regarding Clovis culture. In fact, small game animals have been recovered in some Clovis 

sites, including remains of tortoise, jackrabbits and snake (Haynes and Hauri, 1982). 

Waguespack and Surovell (2003), however, observed that these small animals frequently 

are found together with large animals. For them, the crucial point is not the presence or 

absence of small animals in the archaeological record, but instead the kind of selection 

made by the hunters. In the Paleoindian case, specialists are the hunters who selected 

high-ranking animals (i.e. megafauna), while generalists are those who pursued a wide 

variety of animals depending on their density. The authors conclude that the 

Paleoamericans pursued big game animals more often than would be predicted for the 

density of animals available to them. Therefore, the authors hold the view that 

Paleoamericans were big game hunters. Byers and Ungan (2005) estimated the handling 

and encounter rates of Paleoamericans and the prey available to them. They concluded 

that, according to estimated parameters, circa 60% of Paleoindian prey consisted of big 

game animals. Nonetheless, they recognized the difficulty in estimating the parameters 

and the inappropriateness of their model in different ecological settings. Surovell and 

Waguespack (2008) observed that the 14 recognized kill sites of megafauna in the Clovis 

period represent a large number compared with proboscidean kill sites around the world. 

In turn, Cannon and Meltzer (2008) pointed out the regional variability of hunting 

strategies of the first Americans, depending on ecological and geographical variables. 
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Although it is clear that Clovis people hunted big game animals, the proportion of 

megafauna in their diet is still under debate.  

While Clovis subsistence remains debatable, evidence coming from other early 

populations across the Americas has led to a wide variety of conclusions. In North 

America, mounting evidence supports a coastal occupation in California and Northwest 

coast during the Late Pleistocene. Isotopic evidence, for example, from human remains 

found at On Your Knees Cave in Alaska showed a diet based on marine food (Dixon, 

1999). In turn, Green and colleagues (1998) showed isotopic evidence of a diet mostly 

based on fish (salmon) and meat from the Buhl woman found in Idaho. Evidence of a 

broad-based diet comes from an unexpected place: the Broken Mammoth site in Alaska. 

Contrary to its name, this archaeological site has provided a wide range of faunal remains 

but not a single mammoth bone. Its faunal assemblage includes birds, fish, caribou, elk 

and bison, among others (Yesner, 2001). Possibly ancestors of Clovis people, the 

inhabitants of Broken Mammoth (part of Nenana complex) were not big game specialists. 

Additional evidence of broad-based diet comes from the Paleoindian period in the Great 

Basin. During the Pleistocene, the region was much wetter than today, including many 

pluvial lakes. The archaeological record in the region has shown that people exploited a 

wider range of resources compared to the traditional Clovis big game hunters. Moreover, 

stemmed points were found in the Paleoindian strata usually associated with a varied 

animal assemblage. This archaeological record has led some researchers to name the 

Paleoindian period in the Great Basin as Paleoarchaic, alluding to the broad subsistence 

diet typical of the Archaic period (Beck and Jones, 1997). Interestingly, Erlandson and 
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colleagues (2011) found evidence of late Paleoindian instruments in California’s Channel 

Island. Although this occupation was eminently based on a marine food, instruments 

found in these sites are similar to the Great Basin instruments. Both included stemmed 

points and crescents. This technology seems to be a possible ancestral of the stemmed 

tradition found in Pleistocene sites in South America.  

Powell and Steele (1994) undertook a study of the dental remains of 10 

Paleoindian skulls dated from 10,000 to 8,500 yr. BP (Early Holocene period), aiming to 

investigate the subsistence of these individuals. Their sample was not representative of 

one population, since the skulls were found in a vast area from Minnesota to Texas. Their 

results did not point to a clear direction. Results showed high degree of tooth wear in 

these Paleoamericans, especially in the front teeth. Microwear patterns from two 

individuals showed scratches, pits and polished marks, suggesting consumption of hard 

seeds and plant fibers. Nonetheless, there are substantial differences in the microwear 

pattern between the two individuals analyzed. On the other hand, low prevalence of 

dental caries (0.4% of the teeth) offers the base for the hypothesis that North American 

Paleoamericans consumed a diet low in plant carbohydrates. The small sample from a 

vast territory hinders any specific conclusions about local populations while assuming 

diversity of lifestyle strategies in this period.   

 The South American archaeological record provides the strongest evidence of 

diversified subsistence strategies in late Pleistocene and early Holocene populations. The 

variety of biomes (e.g., grasslands, tropical forests, and mountains) and the prominence 

of the geographic barriers (e.g., Andes) render South America a very heterogeneous 
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environment. Furthermore, ice sheets during the Pleistocene did not cover large territorial 

area in South America, opening the possibility for a more intensive human territorial 

exploitation than in North America. Climatic variation during the Late Pleistocene 

affected South America in a different way than North America (Dillehay, 2000). The 

isotope signature of the Younger Dryas, for instance, was not detected in an ice-sheet 

from southern Patagonia (Ackert et al., 2008). Lowell and Kelly (2008) suggested that 

cooling events happened earlier in South America. These climatic and geographical 

characteristics had important consequences for the diversity of subsistence strategies in 

South America. 

  Early occupations in coastal Peru, dating to the late Pleistocene (11,100-

10,000 yr. BP), mark the first solid evidence of a maritime lifestyle. Quebrada Jaguay 

(11,100-10,000 yr. BP; Sandweiss et al., 1998) and Quebrada Tacahuay (10,770-10,530 

yr. BP; Keefer et al., 1998) sites show a faunal assemblage of fish, crustaceans and 

mollusks. Sandweiss and colleagues (1998) found a limited number of taxa and a narrow 

range of sizes in the faunal assemblage of Quebrada Jaguay. They suggested that the 

inhabitants of this site were specialized collectors, possibly using fishing nets. In 

addition, they maintained inland connections as attested by the origin of their obsidian 

lithic material. The Monte Verde site in southern Chile also shows connections between 

inland and maritime resources. Despite being 90 km away from the coast during the 

Pleistocene, nine species of marine algae were found in the remains of Monte Verde, 

dating to ca. 12,300 yr. BP (Dillehay et al., 2008). The Paijan population occupied a 

transitional niche in Peru. Their inhabitants lived in northern Peru exploiting zones of 
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rich resources between the coast and the high Andes. Exploitation of a transitional 

environment allowed them to have a broad and diversified diet, contributing to an 

increase of complexity and aggregation in early Holocene (Dillehay et al., 2003). 

Roosevelt and colleagues (1996) found an early occupation at the Pedra Pintada 

Cave in the Amazon region in Brazil (the earliest date is 11,075 yr. BP). Although there 

is evidence that this Amazonian region was drier in the Pleistocene than today, 

occupation of tropical lowlands demonstrates adaptive flexibility of the Paleoamericans. 

The botanical record from this rockshelter includes carbonized seeds, fruits and woods, 

being associated with stemmed bifaces and unifacial flaking instruments. The faunal 

record includes mollusks, fish, tortoises, birds, land mammals, among others. Diversity of 

the faunal record points to a broad-spectrum diet coming from tropical forest and riverine 

settings (Roosevelt et al., 1996). Archaeological findings in eastern Brazil also indicate a 

broad and diversified diet. Kipnis (1998, 2002) showed the importance of climate 

variation to explain past human diet. He argued that the Late Pleistocene period in Brazil 

is marked by a climatic instability. In order to cope with this instability, people from 

eastern Brazil developed buffer mechanisms involving trading and generalized 

subsistence. Indeed, the first archaeological sites in eastern Brazil date to 12,000 yr. BP 

(Prous and Fogaca, 1999). The faunal record of these sites does not show any 

specialization for big game hunt. Instead, they show a generalized unifacial industry 

designed for hunting small to medium size animals and for plant processing.  

 Dillehay (2000:250-252) classified the diversity of subsistence strategies in the 

New World into three categories: technology-, place- and food-oriented. The technology-
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oriented group consists of people living in different environments using similar 

instruments, such as Clovis technology. Place-oriented groups consist of people living in 

spatially restricted but highly productive environments, such as in eastern North America. 

Lastly, the food-oriented groups rely on specific food items such as camelids in southern 

grasslands or palm fruits in tropical forests of Brazil. Interestingly, the technological 

record in South America shows high variability. Many different biface traditions are 

found across the continent (Dillehay, 1999). On the other hand, there are some 

populations showing only unifacial technology, such as in eastern Brazil and northern 

Peru (Dillehay, 2000). Unifacial technology is frequently associated with more 

generalized subsistence, including relatively more reliance on plants (Kipnis, 1998). 

Indeed, many populations from South America have both unifacial and bifaces in their 

technology kit. Although some populations from the Andes and Patagonia hunted big 

game animals, Dillehay (2000) assumes that typically South American populations had 

broad-diet subsistence during the Pleistocene. For this reason, he named the Pleistocene 

populations in South America proto-Archaic. This name emphasizes the clear continuity 

between Paleoindian and Archaic lifestyles at least concerning the majority of South 

American populations. 

 In summary, recent decades have provided tremendous advancements to 

understanding Paleoindian subsistence. The traditional model of a ubiquitous big game 

hunting focus requires considerable revision. Critiques have come from both the 

archeological record of Clovis groups but also the remarkable diversity of ecosystems 

across the Americas (e.g., maritime, lacustrine). The notion of an abrupt transition from 
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megafauna hunters to broad-diet strategies has been replaced by a more gradual change 

during the boundary of Pleistocene/Holocene. In fact, these strategies have indicated the 

flexibility of the first Americans to deal with different ecological variables. Consumption 

of small animals and plants seem to have been part constituent of the Pleistocene 

lifestyles.  

Early Archaic societies 
 

 The transition from Paleoindian to Archaic period is a traditional division 

made by historic cultural archaeologists. Willey and Phillips (1958) set this transition at 

10,000 yr. BP, coinciding with the transition from Pleistocene to Holocene. Griffin 

(1967), for example, followed this division in his synthesis of eastern United States 

prehistory. Archaic, however, is a loosely defined period, since different authors adopt 

different dates depending on the regions in which they work (McBrinn, 2010). In this 

chapter, the beginning of the Archaic period is adopted as 10,000 yr. BP marking the 

transition from Holocene to Pleistocene. In this sense, early Archaic is synonymous with 

early Holocene (10,000-7,500 yr. BP). As mentioned before, Paleoamericans is adopted 

in this investigation to highlight the differences between early and modern Americans. 

However, the archaeological literature usually adopts the terms Paleoindian and Archaic 

periods. For this reason this distinction is used in the following section.  

Hayden (1981) makes an analogy between the European transition from 

Paleolithic to Mesolithic and the American transition. He characterized the Archaic 

period in terms of lifestyle trends. The two most important trends in the Archaic are the 
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diversification and intensification of the exploitation of resources. The first one takes 

place in resource-poor areas, while the second one occurs in resource-rich areas. These 

two main trends are interconnected with other Archaic trends such as the reduction of 

mobility, technological specialization, population density, environmental modification 

and social stratification. In recent decades, however, evidence has accumulated 

supporting the continuity between Paleoindian and Archaic subsistence startegies. For 

Dillehay (2000), for example, the lifestyle transition from Pleistocene to Holocene is not 

as abrupt as previously thought. In this sense, the early Archaic would be a period of 

adjustment to new climatic conditions and not a period in which a complete new way of 

life abruptly appeared. The Archaic change can also be seen under the perspective of 

evolutionary ecology. The diet-breadth model predicts that food items of low-ranking 

values such as tuber and seeds will be added to the diet when high-ranking food items 

such as large animals diminish in abundance (Winterhalder and Goland, 1993). In this 

sense, the extinction of megafauna in the Pleistocene was crucial to the change into a 

broad-spectrum diet in the Archaic. In the following, the most relevant Archaic trends are 

summarized in order to provide an ecological and behavioral context for interpreting the 

bioarchaeological record of health and lifestyle.        

Food production  
 

 In recent decades, advances in archaeological methodology have provided a 

new dimension to understanding the origins and evolution of key adaptative transitions, 

such as the origins of plant domestication in the Americas. Identification of phytoliths has 
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been used to differentiate wild and domesticated plants based on size and shape of these 

elements. Phytoliths of domesticated squash, for example, are significantly larger than 

phytoliths of wild species (Piperno, 2009). Piperno and Stothert (2003) found phytoliths 

from domesticated squash (Cucurbita ecuadorensis) dating to 10,130 yr. BP in Ecuador. 

The sites Vegas 57 and 80 show the earliest evidence of domesticated plants in the New 

World. In Central Panama, Cucurbita moschata was identified as a domesticated plant at 

8,000 yr. BP (Piperno, 2009). The bottle gourd (Lagenaria siceraria), squash (Cucurbita 

argyrosperma), and maize (Zea mays) were found in Mexico dating back as early as 

8,000 yr. BP (Piperno et al., 2009). Erickson and collaborators (2005) proposed an Asian 

origin for the bottle gourd. They believed that Paleoamericans might have brought the 

seeds of this plant in a rapid colonization along the coast. Nonetheless, secure 

archaeological evidence of plant domestication dates back only to the early Holocene 

period (Pearsall, 2008).  

 Macrobotanical remains, although more prone to archaeological decay than 

phytoliths, are important direct evidence of domestication. Dillehay and collaborators 

(2007) found evidence of early domesticates in the Nanchoc Valley in northern Peru. 

Squash (Cucurbita moschata), peanuts (Arachis sp.), quinoa (Chenopodium quinoa), and 

cotton (Gossypium barbadense) were dated to as early as 9,240 yr. BP, 7,840 yr. BP, 

8,000-7,500 yr. BP and 5,490 yr. BP, respectively. These early Holocene dates indicate 

an older domestication than previously thought in the Americas. Interestingly, these 

domesticates have no respective wild species in northern Peru. Accordingly, the actual 

centers of domestication must have an even older date of domestication. Unlike an abrupt 
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change, manipulation of plants in America began much earlier than the establishment of 

fully sedentary people. For example, one of the earliest societies using ceramics in the 

Andes is from the Valdivia people in Ecuador, who lived at 5,000 yr. BP (Damp, 1984), 

much later than the first plant cultivators. Taken together, these studies seem to indicate 

that the process of domestication occurred in a gradual way and early in the occupation of 

South America (Pearsall, 2008). 

 The manipulation of plants is also related to “domestication of the landscape.” 

Erickson (2008) defined this term as an intentional or unintentional practice that modifies 

the environment for human purposes. This process is observed in the early Holocene in 

the Amazon. At the Pleistocene/Holocene boundary, the Colombian sites of San Isidro 

and Pena Roja showed high prevalence of bottle gourd (Lagenaria sp.) and palm remains, 

respectively (Gnecco, 2003). This selection of plants might be characterized as the 

beginning of landscape manipulation in tropical forest, which is named in the case of 

Pena Roja as itinerant gardens (Oliver, 2008).  

 In summary, new advances in paleobotanical recovery have pushed back the 

date of first plant domestication to the beginning of the Holocene in South America. 

Associated with these first domestications, there is some evidence of plant cultivation 

(gardens) in the Amazon. However, it has become clear that the process of domestication 

was gradual, and the full package of agricultural adaptations involving dependence on 

plant staples appeared much later (i.e., pottery, sedentarism, irrigation).     
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Mobility 
 

 The Archaic period is considered a transitional period from highly mobile 

Paleoamericans to sedentary farmers of the Formative period (Hayden, 1981). In fact, this 

Archaic trend corresponds to a progressive change towards less mobility. Unable to 

review all studies on mobility in America, this section shows some illustrative cases of 

mobility patterns in early Holocene populations in America. 

 One of the important regions in North America regarding the study of hunter-

gatherers is the Great Basin. This region shows ecological conditions that prevented the 

full development of agriculture in the eastern Great Basin until a few centuries ago 

(Coltrain and Stafford, 1999). Jones and collaborators (2003) carried out a study of lithic 

provenance in archaeological sites dating to the Pleistocene/Holocene boundary in the 

Great Basin. After identifying the quarry sites where the flakes were obtained, the authors 

calculated the territorial home range of the foragers. They found discrete territories with 

the maximum size of 450 km in the north-south axis. These regions seemed to have 

discrete lithic assemblages regarding the material source. In addition, they observed 

changes in the configuration of territories during the early Holocene period, probably 

related to a period of drought. In general, this region is characterized by a very high 

mobility of human groups during the early Holocene. 

 Walthall (1998) studied mobility patterns of late Paleoindians/early Holocene 

populations in eastern North America. Reviewing the archaeological record of 
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rockshelters occupied by the Dalton culture, he observed that North American 

populations were using these places as hunting and residential camps. For him, these 

occupations represented a new landscape use reflecting a Holocene seasonal exploitation. 

Instead of following migratory animals, the foragers were exploiting local resources on a 

seasonal basis. In the winter season, for example, they split the band into smaller groups 

in order to exploit dispersed resources. The rockshelters, in this case, would harbor small 

and mobile groups living in a more restricted habitat. Eventually, these groups gathered 

together when the abundance of resources were high. This study highlights an important 

trend of the Archaic period: increasing local exploitation of the habitat simultaneous to 

maintaining high seasonal mobility.     

 In South America, early Holocene studies of mobility are represented by the 

Paijan culture from northern Peru. Dillehay and collaborators (2003) found a shift in the 

mobility pattern from the late Paleoindian to the early Holocene period. Paijan groups 

were located in the Zana and Jaquetepeque valleys in a desert region of northern Peru. 

They exploited an area of transition from the coast to the vegetated hillslopes. This 

ecotone is highly productive and concentrated in terms of resource distribution.  Unlike 

the Pleistocene occupation, the early Holocene Paijan sites showed more permanent 

occupations regarding the thickness of the archaeological packet. In addition, early 

Holocene sites were in more adequate position to exploit the ecotone environment.  These 

archaeological sites contained stone-lined structures believed to be residential sites. In 

fact, these proto-households are the first evidence of a more permanent occupation in 

northern Peru. 
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 Other sites in South America have also shown evidence of more permanent 

occupation and intensification of local resource exploitation. In the Pacific Coast, for 

example, an early Holocene coastal tradition is characterized by specialization in resource 

exploitation. In the Quebrada Jaguay, southern Peru, the Mochas phase is described as a 

period in which exotic lithic material dropped out of the archaeological record, indicating 

intense use of local raw material (Sandweiss, 2008). Quebrada de Los Burros, in the 

extreme south of Peru, showed year round exploitation of coastal environments. Carre 

and collaborators (2009) showed that this site was occupied for the entire year, with 

alternating exploitation of shells and of animals and plants of the lomas environment.  In 

southern Equator, the site of Las Vegas is an example of an early/middle Holocene 

culture possessing logistic mobility. The base camp of Las Vegas-80 is depicted as the 

central camp from where logistic foragers exploited more distant resources by means of 

special task camps (Raymond, 2008). Additionally, 192 skeletons were found at Las 

Vegas-80 dating to 8250-6600 yr. BP (Ubelaker, 1980). This high density of skeletons 

indicates the presence of more permanent settlements, since the cemeteries were located 

in residential sites (Stothert, 1985).    

 These few examples of early Holocene cultures show the diversity of mobility 

patterns in the early Holocene period. Paijan, Vegas, and Pacific Coastal tradition were 

more permanent, while the Great Basin region contained more mobile foragers. Patterns 

of the Dalton people, on the other hand, stress the importance of the seasonality for 

Archaic populations.  As a general rule, the early Holocene societies did not reach the 

same level of sedentarism as late Archaic and Formative societies. The process of 
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sedentarization and population aggregation was still in an emergent state in early 

Holocene. In fact, the pace of these changes is dependent on ecological conditions 

surrounding the human occupation. Lush environments such as marine and ecotone 

regions were more propitious to the development of sedentary societies, since they were 

able to sustain a large population in a restricted space. Marginal environments, on the 

other hand, were only able to support low-density populations. In terms of pattern of 

mobility, Dillehay (2008) presumes that the early Holocene is the period in which some 

South American societies changed from residential to logistic mobility. 

Summary 
 

In this chapter, the colonization of the New World was discussed regarding the 

place of origin, route (s) of migration, number of migrations and date of arrival. Asia is 

believed to be the place of origin of Native Americans, who entered in the New World 

through the Berigia land bridge. Coastal migration has been gained support recently as a 

fast and efficient way to disperse into the Western Hemisphere. Few waves of migrants 

entered the Western Hemisphere, even though the exact number depends on the nature of 

the data collected (morphological or molecular). Regarding the date of arrival, pre-Clovis 

sites have been found in recent decades, strengthing the possibility of an occupation of 

the Americas before 12,000 yr. BP. The Paleoamerican lifestyle is discussed in this 

chapter regarding demography, mobility, and subsistence. The early Americans were 

characterized as very mobile bands dispersing rapidly over the New World, even though 

there is evidence of more permanent settlements in the Pleistocene/Holocene boundary. 
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In terms of subsistence, the traditional model of ubiquitous big game hunting focus has 

been challenged for the Paleoamericans, suggesting that small animals and plant 

consumption were an important component of their diet. Finally, evidence of early 

domesticates have been found in early Archaic societies in South and Mesoamerica, even 

though the full dependence on domesticates apperared much later. Regarding mobility, 

early Archaic societies showed regional variation depending on local ecology. In this 

period, some South America societies began the transition from residential to logistic 

mobility.      
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Chapter 3 : Lagoa Santa 
 

Lagoa Santa, central Brazil is located 45 km north to Belo Horizonte, which is the 

capital of the state of Minas Gerais, Brazil (Figure 3.1). The APA-Karst of Lagoa Santa is 

the region where the majority of the skeletons were excavated, consisting in area of 

national preservation. In this area, the longest distance between two archaeological sites 

is 19 km in the north-south direction (Lapa Mortuaria to Lapa do Santo) and 12 km in the 

west-east direction (Boleiras to Mae Rosa; Figure 3.1 and Figure 3.2). The site of Santana 

do Riacho is outside of the APA-karst of Lagoa Santa, but it is considered inside the main 

archaeological region of Lagoa Santa. Santana do Riacho is located 60 km from the 

APA-Karst of Lagoa Santa to the northeast direction (Figure 3.3). Since Santana do 

Riacho is outside of the APA region, this site is described in a different section in this 

chapter, even though the environmental and geographical characteristics of Santana do 

Riacho are very similar to the APA-karst region.  

This chapter provides the archaeological and environmental context of the 

archaeological sites of Lagoa Santa. First, an historical approach is outlined, showing the 

mains sites excavated since the nineteenth century. In fact, archaeological sites 

containing early Holocene skeletons included in this investigation has been excavated 

since 1926 (Table 3.1) Subsequently, the research traditions in Lagoa Santa are 

described, emphasizing the historical emphasis on population history and craniometrics. 
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Finally, recent research in the APA-karst and Santana do Riacho site is described in detail 

regarding archaeology and paleoenvironment. In addition, a brief summary of the 

prehistory of Central Brazil is provided. At the end of the chapter, models for lifestyle 

and health originated from the archaeological record of Lagoa Santa are summarized.  

 

 

 

 

Figure 3.1: Location of the Lagoa Santa region in central Brazil (adapted from 

Neves and Hubbe, 2005). 
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Figure 3.2: Map of the APA-Karst region of Lagoa Santa, including the name of 

some archaeological sites (adapted from Strauss, 2010). 
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Figure 3.3: Map of Lagoa Santa showing the distance between Santana do Riacho 

site (upper arrow) and APA-Karst of Lagoa Santa (lower arrow; adapted from 

Neves et al., 2003) 
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Archaeological site Chief Archaeologist 
Date of 

Excavation 
Main Source 

Lapa da Amoreira Padberg-Drenkpol 1926 
Padberg-Drenkpol 

(1926) 

Lapa Mortuaria
a
 Padberg-Drenkpol 1926 

Padberg-Drenkpol 
(1926) 

Lapa de Carrancas Bastos de Avilla 1937 None 

Lagoa Funda Harold Walter 1940 Walter (1958) 

Abrigo de Samambaia Harold Walter 1946 Walter (1958) 

Abrigo de Mae Rosa Harold Walter 1949 Walter (1958) 

Abrigo do Eucalipto Harold Walter 1948-49/1954 Walter (1958) 

Abrigo do Galinheiro Harold Walter 1940's/1950's Walter (1958) 

Abrigo do Sumidouro Harold Walter 1940's/1950's Walter (1958) 

Abrigo de Limeira Harold Walter 1952-53 Walter (1958) 

Cerca Grande 
Wesley Hurt and 

Oldemar Blasi 
1956 

Hurt and Blasi 
(1969) 

Boleiras 

Wesley Hurt, 
Oldemar Blasi and 

Walter Neves 
1956/2001-03 

Hurt and Blasi 
(1969), Neves and 
colleagues (2004b) 

Santana do Riacho 1 Andre Prous 1976-79 Prous (1992/1993) 

Lapa do Santo Walter Neves 2003-2009 
Neves and 

colleagues (2008), 
Strauss (2010)  

a
Also named Abrigo da Caverna de Confins. 

Table 3.1: Archaeological sites from Lagoa Santa including human skeletons dated 

to the early Holocene period. 
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History of research in Lagoa Santa 
 

The region of Lagoa Santa, Central Brazil has been studied for more than 180 

years since Peter Lund (1801-1880) undertook his first paleontological research there in 

1833. The Danish researcher collected more than 12,000 bone fragments in Lagoa Santa, 

including animal and human remains, visiting 800 caves and rockshelter between 1833 

and 1843 (Cartele, 1994). In six of these sites, Lund found human remains. Sumidouro 

Cave deserves special attention since 30 human skeletons were found there (Pilo and 

Neves, 2002). The majority of this material is housed at the Zoological Museum of the 

University of Copenhagen, Denmark (ZMUC). At the time, Lund was a proponent of 

Cuvier’s catastrophism theory, which posits successive catastrophic events causing mass 

extinction and animal replacement by new living forms. In this theory, humans appeared 

after the last extinction event, not coexisting with the extinct megafauna. Human bones 

found at the same stratum as extinct megafauna in Sumidouro Cave suggested, however, 

that both coexisted in Lagoa Santa. Lund (1844) described the morphological aspects of 

the Sumidouro human skulls, regarding variation within the Lagoa Santa population 

compared to contemporary Native Americans. The antiquity of Lagoa Santa skulls, the 

coexistence of extinct megafauna and humans, and the skull morphology of Lagoa Santa 

inhabitants became the central research questions about the region (Neves and Pilo, 2003; 

Neves and Hubbe, 2005). 
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Lund’s work had considerable international impact, fostering a series of 

morphological studies using the specimens housed at ZMUC. In the 1880s, Ten Kate 

(1885) and Hansen (1888) investigated the homogeneity of Lagoa Santa crania regarding 

their position in a racial classification. These studies concluded that the skulls of 

Sumidouro Cave belonged to a discrete population called the Lagoa Santa race. On the 

other hand, Kollmann (1884) argued that the Lagoa Santa people easily fit within the 

range of variation of recent Native Americans. The international impact of Lagoa Santa is 

illustrated by the 30-plus pages dedicated to Lund’s findings in the seminal work of 

Hrdlička (1912:153-184). He reviewed previous publications on the morphology of 

ancient South American skulls, concluding that there is no evidence of humans in South 

America during the Pleistocene. He dismissed any ancient occupation in Lagoa Santa, 

arguing that there were stratigraphic perturbations in Sumidouro Cave leading to the 

mixing of human remains and extinct fauna. In addition, Hrdlička advocated for a distinct 

type of cranial morphology in America, named the Mongoloid race. Typological thought 

and racial classification were the predominant ideas at the time. 

After Lund’s excavations, the next field intervention in Lagoa Santa occurred at 

Lapa do Caetano. Lanari (1909) reported the excavation of at least three human skeletons 

in the interior of the cave. Lanari believed that they were discarded from an opening at 

the top of the chamber. Also, he made a brief geological and environmental description of 

the site surroundings. Due to calcium carbonate cementation of the human bones, Lanari 

argued that the bones should be dated to before a humid Holocene. The findings of Lanari 

inspired a new expedition to Lagoa Santa sponsored by the Museu Nacional do Rio de 
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Janeiro (MNRJ) in 1926 (Padberg-Drenkpol, 1926). The main questions were still related 

to the antiquity of the Lagoa Santa population and its long-argued coexistence with 

Pleistocenic animals. Jorge Padberg-Drenkpol led archaeological interventions at the 

lapas do Caetano, Amoreira, Mortuaria, D’agua, and Limeira in 1926 (ibid.). At Lapa 

Mortuaria, for example, he estimated 80 individuals uncovered in the sheltered part of the 

site. In all these sites, however, he was not able to find one single human skeleton 

associated with extinct megafauna. Lund’s hypothesis was not corroborated. 

Unfortunately, all these excavations were not carried out in a scientific fashion, leaving 

only one brief unpublished report in the MNRJ (ibid.). On the other hand, the skeletal 

material uncovered was housed at the MNRJ with identification by archaeological site. 

Between the 1930s and 1950s, many archaeological interventions were 

undertaken by the Brazilian Academia de Ciencias de Minas Gerais (ACMG) in Lagoa 

Santa. The most important finding was a human skeleton in association with megafauna 

teeth, a skull of an extinct horse and a femur of a mastodon at the interior of Lapa 

Mortuaria Cave (Walter et al., 1937). Named “Confins Man,” the human skull became 

the center of a hot debate between members of ACMG and MNRJ. Harold Walter was 

one of the most vocal voices defending Lund’s idea that humans coexisted with 

megafauna. In order to test his hypothesis, Walter applied fluorine analysis in the bone 

remains to test for stratigraphic mixing at Lapa Mortuaria Cave. Although he concluded 

that megafauna and humans contained the same fluorine content (Walter, 1958), 

phosphate content of the bones showed different results (Hurt, 1960). In addition to Lapa 

Mortuaria Cave, Walter led excavations at Abrigo da Mae Rosa, Abrigo de Limeira, 
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Abrigo de Samambaia, Abrigo do Eucalipto, Abrigo do Galinheiro, Abrigo do Marciano, 

Abrigo do Sumidouro, Lagoa Funda, Lapa dos Borges, and Lapa Vermelha (Walter, 

1958). In these excavations, Lagoa Funda provided a human skeleton, named “Pedro 

Leopoldo Man,” apparently associated with an extinct bear, giving strength to the 

antiquity of the human remains. A date of 3,000 yr. BP was obtained from charcoal 

associated with the skull (Walter, 1958:112). These associations, however, are very 

speculative, since no modern method of excavation was applied in these excavations. 

From the MNRJ group, the most prolific excavation regarding human remains was 

carried out by Bastos de Avilla, uncovering approximately 12 skeletons (Alvim, 1977). 

Today, they are housed at the MNRJ, but unfortunately there is no detailed report of this 

excavation.   

Walter had an important contribution to Lagoa Santa writing a summary of his 

findings in a bilingual publication in 1958. In this book, he described the archaeological 

remains of every site excavated by him, including some illustrations. In addition, his text 

was the first systematic attempt to classify the material culture from his excavations in a 

linear cultural sequence, inspired by the European Paleolithic prehistory. Under a 

unilinear cultural evolutionary framework, Walter classified the objects in a sequence 

from simple (older) to complex (more recent). His classification was based on a European 

typology rather than on a systematic control of site stratigraphy. In fact, there is no 

detailed description of the tridimensional position of the objects excavated. Although his 

complete human skeleton collection is housed at the Museu de Historia Natural de Minas 
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Gerais (MHN-MG), there is no indication of site provenience of the bones (except the 

“Confins Man” and “Pedro Leopoldo Man” skulls). 

The first professional archaeological project in Lagoa Santa was a partnership 

between the University of South Dakota and the MNRJ. The main research question of 

this project considered whether human and megafauna were contemporaneous in Lagoa 

Santa (Hurt, 1960). At the time, Wesley Hurt was able to draw funding from the Wenner 

Gren Foundation and Brazilian institutions (CAPES, UFMG, MNRJ), carrying out an 

immense and professional excavation. This intervention highlights the importance of 

Lagoa Santa in the international scenario as well as the permanence of the questions 

pursued by Lund since the nineteen century. In 1956, the international group led by 

Wesley Hurt and Oldemar Blasi excavated three sites: Cerca Grande, Lapa das Boleiras, 

and Lapa do Chapeu. A great amount of effort was expended on the Cerca Grande 

complex, which is composed of seven rock shelters. They found 22 burials in association 

with a prehistoric lithic industry (Hurt and Blasi, 1969). Interestingly, the lithic industry 

was composed mostly of quartz crystal flakes, with few formal artifacts. They found 

some arrow points, scrapers, percussion-flaked and ground axes and celts, and knives, 

although they were relatively rare. Two conclusions were drawn from Cerca Grande 

excavation. First, no human occupation in the rock shelters was found associated with 

extinct megafauna. Second, they did not observe the unilinear sequence of four periods 

devised by Harold Walter in 1958. Instead, they identified a single pre-ceramic 

technological industry, which was named “Cerca Grande Complex” (Hurt, 1960). 

Another groundbreaking contribution of this project was the first radiometric dating of a 
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human occupation in Lagoa Santa. The rock shelter 2 of Cerca Grande provided a 

radiocarbon date of 9028 ±120 to level 2 and 3, and 9720 ±128 to level 6 and 7. These 

dates are an important evidence of the antiquity of Lagoa Santa population, opening the 

possibility of coexistence between humans and extinct megafauna (Hurt, 1964). 

In light of the new radiocarbon dates showing the antiquity of Lagoa Santa 

occupation, Laming-Emperaire developed a partnership with MNRJ to investigate the 

paleoenvironment and cultural sequence of Lagoa Santa (Prous et al., 1998). The French-

Brazilian mission undertook archaeological surveys in the region in the 1970s, finding at 

the rock shelter of Lapa Vermelha IV a great opportunity to carry out an extensive 

surface excavation. Lapa Vermelha IV showed a low concentration of archaeological 

remains, although it provided a continuous sequence of human occupation throughout 15 

meters of sediment. Moreover, coprolites of a giant sloth were dated to 9580 ± 200, 

showing that megafauna could be found in the early Holocene layers of Lagoa Santa 

(Laming-Emperaire, 1979). Surprisingly, at the Pleistocenic stratum of the site, a 

complete human skull and some postcranium bones were found. Direct dating was 

impractical due to lack of preservation of bone collagen, but stratigraphic association 

suggests that this individual lived between 11,500-11,000 yr. BP (Neves et al., 1999). 

Recently, Feathers and colleagues (2010) corroborated the initial dates using optically 

stimulated luminescence method. Commonly called Luzia, this skeleton is an important 

piece of evidence of the great antiquity of the Lagoa Santa population. On the other hand, 

the French-Brazilian mission left little legacy in terms of reconstituting the ancient 
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lifestyle in Lagoa Santa, mostly due to paucity of archaeological material at Lapa 

Vermelha IV.  

While the French-Brazilian mission was directing efforts in excavating the karstic 

region of Lagoa Santa, Andre Prous was leading interventions at the base of the Serra do 

Cipo mountain range (Prous and Malta, 1991). From 1976 to 1979, Santana do Riacho, 

an archaeological site located around 60 km of the main karst of Lagoa Santa, was 

excavated under the supervision of Andre Prous. This site was remarkable for its rock 

paintings in its main back wall. This site also became important for a cemetery including 

28 burials in its early Holocene stratum. In fact, charcoal dates have shown great 

antiquity for these skeletons (10,000 to 8,000 yr. BP; Neves et al., 2003). Regarding 

excavation reports, Santana do Riacho is thoroughly described in publications by the 

Universidade Federal de Minas Gerais (UFMG; Prous and Malta, 1991; Prous, 

1992/1993). Furthermore, for the first time in Lagoa Santa history, a large number of 

skeletons were excavated following a detailed record of burial disposition and 

provenience. Andre Prous established the archaeological sector at UFMG, currently 

housing the archaeological material excavated at Santana do Riacho. After the death of 

Laming-Emperaire in 1976, he did not pursue new projects in the main karstic region of 

Lagoa Santa, since finding intact archaeological sites in the region has grown 

progressively more difficult (Prous et al., 1998). 

The 1980s and 1990s were marked by important studies with the Lagoa Santa 

human collection housed at Brazilian national museums. On the other hand, no scientific 

excavation was carried out during this period with the exception by the excavations 
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undertaken by amateur archaeologist Mihaly Banyai (Banyai, 1997), resulting in few new 

insights.  

Regarding skeletal analyses, Walter Neves became a prominent figure when he 

began applying multivariate statistics to Lagoa Santa skull measurements at the end of 

the 1980s. Based on their analyses, Neves and Pucciarelli (1991) proposed a migration 

model based on the differences between the Paleoindian skulls of Lagoa Santa 

(Paleomericans) and modern Native Americans. They proposed that the skull 

morphology of the first Americans was similar to modern Africans and Australians but 

differed from modern Native Americans. Their model was named the “two main 

biological components model,” proposing a dual migration model into the New World 

(Neves and Hubbe, 2005). In fact, Paleoamerican skeletons from Mexico Basin, Pali Aike 

(Chile), Sabana de Bogotá (Colombia), and Warm Mineral Springs (USA) showed that 

Paleoamerican morphology was widespread in South America during the early Holocene 

(Gonzalez-Jose et al., 2005; Neves et al., 2007a). In the last two decades, Lagoa Santa 

has been central to the debate on the peopling of the New World, such as in the recent 

debate regarding the “two main biological components model” (Hubbe et al., 2010) and 

the “single migration model” (Gonzalez et al., 2008).                                 

In the 1990s, Neves undertook the curation of the Harold Walter and Santana do 

Riacho collection of human skeletons. In addition, he obtained radiocarbon dates of 

human and extinct megafauna bones from Lagoa Santa. Due to the lack of controlled 

excavations during the majority of Lagoa Santa history, direct dating is essential to assure 

skeletal material antiquity. In fact, out of 42 samples containing enough collagen to 
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radiocarbon dating, 85% (35 samples) resulted in early Holocene dates. The remaining 

seven samples were dated to more recent than 2,500 yr. BP (Neves et al, 2008; see 

Chapter 5 for discussion on radiocarbon dates). Interestingly, radiocarbon dates of 

megafauna bones showed that they coexisted with humans in Lagoa Santa. A date of 

9,200 ± 150 yr. BP from a saber-toothed tiger found at Escrivania 5 confirmed the 

megafauna presence during the early Holocene in Lagoa Santa. In turn, the first human 

occupation at Lapa das Boleiras was dated to 10,150 yr. BP. However, there is no 

archaeological evidence of use of these animals as a source of food in Lagoa Santa 

(Neves and Piló, 2003).  

In 2000, a second phase of Neves’s project undertook archaeological excavations 

at Lapa das Boleiras (2001-2003) and the untouched site of Lapa do Santo (2003-2009). 

These excavations resulted in unearthing four human skeletons at Lapa das Boleiras and 

26 skeletons at Lapa do Santo. In addition, a paleontological excavation was carried out 

at the Cuvier Cave, aiming to understand the faunal composition of Lagoa Santa. This 

project received significant funding from São Paulo Foundation of Research (FAPESP), 

supporting a multidisciplinary team using modern techniques of archaeological 

excavation. The project was the most remarkable intervention in the Lagoa Santa region 

so far, since it provided insights into culture, biology, and environment of the early 

Holocene inhabitants of Lagoa Santa. The interdisciplinary scope of the project consisted 

of archaeology, physical anthropology, paleontology, and paleobotany (Neves et al., 

2008; and see below).  
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Craniometric tradition in Lagoa Santa 
 

 Since the first human skeletons found by Lund at the Sumidouro Cave and 

Lapa Vermelha, cranial morphology and antiquity for addressing population history and 

time of occupation of Lagoa Santa have been the main research topics in the region. The 

skeletons of the Sumidouro Cave are housed at ZMUC, which has opened the possibility 

of first-hand contact with the material for the European anthropologists (e.g., Hansen, 

1888). While Hrdlička (1912) dismissed the antiquity of Lagoa Santa skeletons, the 

French anthropologist Paul Rivet used the Lagoa Santa skulls to support his theory of 

occupation of the New World via the Pacific Ocean. In fact, Rivet believed that the 

cranial morphology of prehistoric populations in America was similar to the modern 

Australians, explaining this similarity through a maritime migration crossing the Pacific 

Ocean (Rivet, 1943). During the twentieth century, cranial morphology remained a 

central topic in Lagoa Santa. During the 1930s, for example, measurements of the 

“Confins Man” as well as the status of Lagoa Santa as a separate race were hotly debated 

between MNRJ and ACMG (Cathoud et al., 1939). Bastos de Avilla (1950) used the 

terminology of Jose Imbelloni and classified the inhabitants of Lagoa Santa into the race 

“Lacida.” His publication in the Handbook of South American Indians provides another 

measure of the international impact of craniometric and racial studies from Lagoa Santa. 

Similarity between the Paleoamericans and the recent Native Americans living in Minas 

Gerais today (Botocudos) was also a relevant topic of research in Lagoa Santa. Alvim 

(1963) believed that the ancient population of Lagoa Santa was not similar to recent 
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Botocudos. Conversely, Atui (2005) reached the conclusion that there was biological 

continuity between the ancient and modern populations in Minas Gerais. 

 The most comprehensive study of the Lagoa Santa collection was undertaken 

in Alvim (1977) using a metric approach to characterize crania and postcrania of the 

entire Lagoa Santa collection. Her research is based on typological concepts, in line with 

racial approach that has dominated physical anthropology. Unfortunately, research in 

Lagoa Santa during the twentieth century did not follow important theoretical 

developments in physical anthropology taking place in the United States. While the 

typological and descriptive approach was applied in the 1970s and 1980s in Lagoa Santa, 

the “new” physical anthropology appeared in 1951 and bioarchaeology in the 1970s in 

the U.S.. For this reason, international impact of physical anthropology research using 

Lagoa Santa material was marginal up until recently. In fact, the Lagoa Santa collection 

impacted the international community only in the 1990s with the application of 

multivariate statistics to cranial measures of Lagoa Santa skulls (Neves and Pucciarelli, 

1991). Currently, craniometric studies have been the most debated topic concerning 

Lagoa Santa material in international journals (Neves and Hubbe, 2005; Hubbe et al., 

2010; Azevedo et al., 2011). On the other hand, although Lagoa Santa continues to be 

relevant in international forums, the craniometric tradition remains the main topic of 

interest owing to the focus in population origins and history. Approaches focusing on 

behavior and lifestyle have been largely neglected in Lagoa Santa. Only recently have 

some studies begun pursuing lifestyle research using the Lagoa Santa collection (e.g., 
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Cornero, 2005). Indeed, understanding behavior and lifestyle of Lagoa Santa inhabitants 

continues to be an untouched point of scientific inquiry.          

Osteological indicators of health in Lagoa Santa 
 

Understanding behavior and lifestyle in Lagoa Santa has been a secondary and 

marginal topic of research. However, since the first findings of Lund, occasional 

descriptions of pathological conditions are found in the literature. Lund, for example, 

observed that the Sumidouro skulls showed alveolar resorption and antemortem tooth 

loss. He argued that these antemortem losses indicate advanced age. Older adults, 

following Lund’s descriptions, composed the majority of his skeletal sample. 

Furthermore, Lund observed perforations in the temporal bones of many of the skulls he 

studied, suggesting that violent attacks were the cause of death of these individuals 

(Lund, 1844). Hansen (1888) concluded that the health of these inhabitants was good, 

since he was unable to find abundant dental caries, pathology, or trauma. He estimated 

the stature of Lagoa Santa inhabitants as 1570 mm. Lacerda and Peixoto (1876), 

describing the only specimen of Sumidouro Cave left in collection in Rio de Janeiro, 

reported a cranial fracture caused by a sharp stone tool. In all these early descriptions, 

authors agreed regarding the high degree of tooth wear of the Lagoa Santa dental 

material.  

Research in the first half of the twentieth century contributed little to 

understanding the lifestyle of Lagoa Santa inhabitants. Confins Man and contemporaneity 

of humans and megafauna were the central topics in the time. Anibal Mattos was the first 
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author to dedicate an entire book to Lagoa Santa in 1941. He published a second edition 

in 1961, incorporating recent excavations by Harold Walter and Wesley Hurt. Although 

the book includes a wide variety of topics ranging from the ethnography of Botocudos to 

models of New World colonization, its central topic was the cranial morphology and 

racial classification of Lagoa Santa. The most remarkable attempt to understand behavior 

of Lagoa Santa inhabitants was undertaken by Harold Walter (1958). In this book, he 

gathered a vast amount of archaeological evidence tracing cultural evolution in Lagoa 

Santa. However, instead of using detailed stratigraphic information, he devised a 

unilinear cultural evolution from simple to complex inspired by a European framework. 

The tens of human skeletons found in his excavations assumed a secondary role in his 

cultural framework. Agreeing with observations made in the nineteenth century, Walter 

observed large fractures in one skull from Lapa de Limeira and one from Lapa do 

Galinheiro, believing they were the cause of death of these individuals. Although Walter 

described only two cases of cranial fracture, his cultural sequence and ethnographic 

analogies indicated that violence might have been common in Lagoa Santa prehistory. In 

fact, the skeletal material was marginal to his explanatory models. Walter also speculated 

on Lagoa Santa demography. He reported that 50% of the skeletons he excavated were 

subadults, suggesting high infant mortality. Regarding dental pathology, Walter described 

Lagoa Santa as relatively free of dental caries and infections. On the other hand, he 

reported a large number of teeth lost antemortem and a high degree of tooth wear. Tooth 

losses were explained by aging effects, mastication of non-processed food, grit in the 

diet, and use of front teeth to process food. In addition, he observed that incisors and 
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premolars were the first teeth lost. Besides his pioneering effort in characterizing health 

and lifestyle of Lagoa Santa inhabitants, there is no mention of his methodology (or even 

any calculation of lesion prevalence), precluding any verification of the validity of his 

findings. 

Alvim (1977) devoted a small part of her work to characterize skeletal and dental 

pathology in Lagoa Santa. As far as we know, she was the first researcher to report an 

actual prevalence of caries and abscess. She reported 40% caries in 130 individuals and 

120 loose teeth. However, Alvim was unclear as to whether she was reporting caries 

prevalence by individual or by teeth. She reported 16.9% of individuals with granuloma 

and 9.1% with cists. In vivo tooth loss was reported as very high, occurring mostly in 

incisors and premolars. Moreover, Alvim was the first researcher to use an ordinal scale 

of tooth wear (Broca, 1875), finding moderate wear as the most common category. 

Unfortunately, she did not report the frequencies of each tooth wear score, precluding any 

comparative analysis. As a general conclusion, Alvim stated that Lagoa Santa inhabitants 

showed poor oral health. Regarding stature, she calculated the average male stature as 

1628 mm and the female average as 1518 mm, using the tables of Genovés (1966). As a 

descriptive work, little information was actually used to interpret past behavior. In fact, 

the only concluding comments about Lagoa Santa behavior referred to a diet with high 

reliance on plants, low population density, and seasonal nomadism. She also concluded 

that Lagoa Santa skeletons are gracile, showing high sexual dimorphism and low stature.  

Neves (1984) was the first Brazilian researcher to explicitly mention a population 

perspective as an approach to infer past population behavior. However, due to his 
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involvement with craniometric studies in Lagoa Santa, he did no further research on 

stress indicators of health in Lagoa Santa. Ferigolo (1987) compared skeletons of Lagoa 

Santa with Brazilian mound builders commonly called “Sambaquis” and non-human 

vertebrates. It was the first systematic attempt to investigate the Lagoa Santa collection in 

terms of lifestyle and health. He found low prevalence of hypoplasias and some 

occurrence of Harris lines. A second important study focusing on lifestyle in Lagoa Santa 

was undertaken by Sheila de Souza (1992/1993a, b) using the material of Santa do 

Riacho 1. Her study is a qualitative description of pathology adopting a non-statistical 

approach. She undertook an osteobiographic approach, describing individual lesions 

without using lesion prevalence. In qualitative terms, she concluded that Santa do Riacho 

1 inhabitants showed relatively high accidental traumas, high infections, low caries, high 

degree of tooth wear, large number of Harris lines, low osteoarthritis, and slight muscle 

marks. The qualitative character of the work precludes any objective comparison with 

other populations. The paleodemography study with this skeletal collection reported high 

subadult mortality, low fertility, and low life expectancy, suggesting a population under 

stress. However, this work was premised on the assumption that life tables represent 

mortality instead of fertility. 

The first studies generating international publications on health and lifestyle in 

Lagoa Santa were from Neves and Cornero (1997) and Neves and Kipnis (2004). They 

found a high prevalence of dental caries in the early Holocene population of Santana do 

Riacho 1 and Sumidouro. The first archaeological site provided a prevalence of 9.0% 

(8/88) affected teeth, while the second one provided a prevalence of 8.3% (12/145) 
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affected teeth. These values suggest that the Lagoa Santa inhabitants relied heavily on 

plant carbohydrates in their diet. This prevalence is much higher than in most other 

foraging populations worldwide (Turner, 1979; Larsen, 1997). Unfortunately, these 

studies did not have a sample size sufficiently large enough to control their results for age 

and sex.  

Cornero (2005) used osteological indicators of stress to understand lifestyle of 

Santana do Riacho people. This work has the merit of being the most complete study of 

health and lifestyle in the region of Lagoa Santa. In addition, this study applied 

quantitative methods from a population perspective. She drew several conclusions using 

Santana do Riacho human skeletal collection, including moderate nutritional problems 

(based on porotic hyperostosis), high prevalence of dental caries, high accidental traumas, 

low osteophytoses in the vertebral column, no interpersonal violence, and low infectious 

diseases. Furthermore, she found high sexual dimorphism in terms of stature, robusticity, 

and osteoarthritis. As a final note, she concluded that the early Holocene population of 

Santana do Riacho had good health, representing a case of adaptive success. Two main 

shortcomings of this study can be pointed out. First, the sample size is not large enough 

to control for age and sex. Second, the lack of standardized methodology precluded any 

solid comparison with other populations. In fact, few populations were used as a 

comparative sample. In addition, there is no mention of differences in methodology 

between these studies. On the other hand, her work is an important first step in attracting 

interest to behavioral and adaptive aspects of Lagoa Santa Paleoamericans.       
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Recent Lagoa Santa research 
 

 A new research program began in Lagoa Santa in 2000 under the direction of 

Walter Neves of the University of Sao Paulo. This project is a landmark for 

understanding behavior and lifestyle of Lagoa Santa people, since it assembled a team of 

scholars from different scientific fields. Modern techniques in archaeological excavation 

were used to recover skeletons, botanical remains, lithic material, and animal remains. In 

addition, geomorphological and paleoenvironmental studies were carried out over the last 

decade. Indeed, a variety of sites were excavated, including rockshelters, open sites, and 

caves, generating the first solid contextual information to understand behavior and 

lifestyle in early Holocene Lagoa Santa populations. These studies are described here in 

two sections: archaeology and paleoenvironment.  

Archaeology 
 

Two main archaeological sites were intensively excavated in the past ten years: 

Lapa das Boleiras (2001-2003) and Lapa do Santo (2003-2009)
7
. Lapa das Boleiras was 

studied from a stratigraphic perspective aiming to understand sediment accumulation in 

the shelter area of the site. Interestingly, using micromorphology, luminescence dating, 

physical, and chemical analyses of the site sediment, Araujo and colleagues (2008) 

concluded that the sediment deposition at Lapa das Boleiras is predominantly 

anthropogenic. That is, ash from burned plant material and general organic matter are 

                                                 
7
 A smaller intervention was also undertaken outside of the main Karst perimeter at Lapa Grande de 

Taquaracu between 2003 and 2005. 
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responsible for the high rate of sediment deposition during the early Holocene period. 

The same conclusion seems to apply to Lapa do Santo rockshelter, which shows more 

than 4 m of sediment deposition without any evident external source of sediment. These 

results suggest that the region was densely occupied in the early Holocene period, 

contradicting the expectations that early hunter-gatherers in the New World lived in small 

and highly mobile bands. This conclusion, however, cannot be generalized for the whole 

region, since it is based on just two archaeological sites. As an additional source of data, 

a survey of 59 rockshelters was undertaken in the Karstic region of Lagoa Santa. The 

majority of these sites had early Holocene occupations, although the exact proportion of 

occupied sites is unknown (Neves et al., 2004a). These intense occupations of Lagoa 

Santa rockshelters suggest a dense and relatively sedentary human occupation during the 

early Holocene period.  

Recent archaeological excavations have provided radiocarbon dates for the first 

settlements in the main Karstic region of Lagoa Santa. The earliest dates are 10,460 ± 60 

yr. BP at the open-air site of Coqueirinho, 10,150 ± 130 yr. BP at Lapa das Boleiras, 

10,040 ± 100 yr. BP at Lapa do Santo, and 9,960 ± 60 yr. BP at Lapa Grande de 

Taquaracu (Neves et al., 2008). In the case of Lapa das Boleiras, substantial occupation 

occurred between 9,700 yr. BP and 8,000 yr. BP. These dates support the idea that the 

first humans settled in Lagoa Santa in the beginning of the Holocene. Before this period, 

humans were probably wandering around the region, while living permanently in places 

with perennial water sources such as the Velhas River at the eastern border of the Karstic 

region. Interestingly, the skeleton found at Lapa Vermelha IV by the French-Brazilian 
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mission was stratigraphically dated to 11,500-11,000 yr. BP.  If the date is correct, it is 

the earliest evidence of human presence in the region. Direct dates of the skeletons buried 

in the Karst of Lagoa Santa are between 9,000 and 7,000 yr. BP (Neves et al., 2008).  

 Studies assessing the lithic material of Lapa do Santo and Lapa das Boleiras 

have reported few formal artifacts (Araujo et al., 2002; Pugliese, 2007; Araujo and 

Pugliese, 2009). The majority of the lithic material is composed of flakes of quartz. Few 

bifacial points and polished wedge-shaped axes were recovered from these sites. Pugliese 

(2007) observed that the small flakes show low variability in size. He believes that this 

size standardization is evidence of specialized activity. The lack of large tools or 

projectiles suggests that hunting big mammal was not the subsistence strategy adopted by 

the Lagoa Santa inhabitants. The lithic assemblage is compatible with a diet based on 

small animals and plants, even though the raw material availability (abundance of high 

quality material) might be a best explanation (Araujo and Pugliese, 2009). In addition, no 

evidence of megafauna bone has been found in archaeological excavations in Lagoa 

Santa (Neves and Pilo, 2008). Regarding the lithic technology, a similar flake industry 

was reported in Hurt (1960) in the Cerca Grande sites. Pugliese (2007) also observed that 

the raw material of the rockshelter sites changed from a retouched flint to non-retouched 

crystal quartz and quartzite flakes. This change occurred around 9,000 yr. BP at Lapa do 

Santo and Lapa das Boleiras
8
. Flint is an exotic material in the Karst of Lagoa Santa, 

                                                 
8
 In this investigation, the human skeletal material coming from the Karstic region of Lagoa Santa is dated 

to 9,000-7,000 yr. BP. The only skeletons dated to older than 9,000 yr. BP are from Santana do Riacho 1, 

located outside of the main Karst of Lagoa Santa.  
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being found only 60 km away from these sites. In fact, the use of local crystal quartz
9
 

might indicate less human mobility and a permanent or semi-permanent settlement in the 

region (see contrary opinion in Araujo and Pugliese, 2009). 

 Archaeological excavations in Lagoa Santa have been exclusively carried out 

in rockshelters for the simple reason that there has been no open-air site dated to early 

Holocene found in the region. Recently, two open-air early sites were found during 

archaeological surveys near the edges of the Sumidouro Lake. Named Coqueirinho and 

Sumidouro, they have shown similar lithic technology of the sheltered sites; that is, a 

generalized core technology consisting mostly of small flakes (Araujo and Feathers, 

2008). At older levels of the stratigraphy, these open sites provided relatively more flints 

flakes compared to the predominance of hyaline quartz typically found in younger layers 

(Neves et al., 2008). These open-air sites have shown that the generalized flake 

technology is typical of the early Holocene period in Lagoa Santa rather than a result of a 

bias from rockshelter excavations. This technology is compatible with a subsistence 

strategy based on plants and small animals in all archaeological contexts examined thus 

far.                       

 Regarding the fauna remains, Lapa do Santo and Lapa das Boleiras provided a 

substantial number of deer bones (Mazama sp; Bissaro, 2008). In addition, armadillos, 

pacas (Cuniculus paca), opossum, peccaries, cavies
10

 (Cavia sp), howler monkeys, many 

types of birds, and reptiles are found in these sites. This fauna assemblage can be 

                                                 
9
 10-20% of the raw material in Lagoa Santa is composed of quartz (Araujo and Pugliese, 2009) 

10
 These animals are wild rodents native of South America. The cavy family (Caviidae) includes the 

domestic guinea pig.   
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characterized as middle to small-sized, in striking contrast to the megafauna exploited by 

the Clovis culture in North America (see Chapter 2). In terms of botanical remains, the 

archaeological sites of Lagoa Santa are rich in fruits and seeds such as araticum, pequi, 

jatoba, cocuri, among others (Neves and Pilo, 2008). Unfortunately, further botanical 

data are not available since analyses of the material from Lapa do Santo and Lapa das 

Boleiras are under way (Neves et al., 2008). 

 Hermenegildo (2009) undertook an isotopic analysis using human bones from 

Lapa do Santo and Lapa das Boleiras. Isotopic analyses can provide the proportion of 

different food types consumed during an individual lifespan. Regarding nitrogen values, 

he reported values between 7.0 ‰ and 8.5 ‰ using five skeletons older than 10 years old 

and dated to early the Holocene period
11

. These values are intermediate to exclusively 

herbivorous such as Mazama sp. (deer; average of 5.1 ‰) and predominantly 

carnivorous/scavengers such as Dasypus novecintus (armadillo; average 10.0 ‰). These 

results suggest a generalized diet based largely on plants but also in primary consumers 

such as deer and cavies. Two individuals aged around four years old showed values 

above 8.5 ‰. Their high nitrogen values are likely representative of pre-weaning diet 

(e.g., Herring et al., 1998; Richards et al., 2002). Interestingly, the middle Holocene 

population of northern Minas Gerais (Vale do Peruacu) was also analyzed in his isotopic 

study. These individuals showed lower values of nitrogen, indicating more reliance on 

plants than Lagoa Santa, even though they are not agriculturalists at this point. In fact, the 

evidence of domestication of plants in Minas Gerais, central Brazil, dates back to 2,500 

                                                 
11

 Burial X from Lapa do Santo provided values of 6.15 ‰, being excluded due to insufficiency of collagen 

in the sample used. 
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yr. BP (Freitas et al., 2003).  Regarding carbon values, few conclusions can be drawn 

from the Lagoa Santa data. Hermenegildo calculated the indirect C4 plant consumption as 

10 to 15 % of the diet. These values might reflect some consumption of animals having 

C4 plants as their primary diet, such as cavies. This study is very important in the sense it 

provided the first isotopic study including animals potentially consumed by Lagoa Santa 

inhabitants. On the other hand, birds, reptiles, monkeys, and fish were not included in his 

analysis. Also, no data is provided about isotopic values of plants found in the Lagoa 

Santa environment. Further analyses will be crucial to fill in these gaps.    

Finally, recent excavations in Lagoa Santa have made important contributions to 

the study of mortuary archaeology. Lapa das Boleiras and Lapa do Santo are the first 

archaeological sites excavated under the supervision of a physical anthropologist in 

Lagoa Santa (W. Neves). As a result, there now exists a detailed record of burial 

disposition and stratigraphy. Strauss (2010) compiled archaeological descriptions of 26 

burials containing 33 individuals from Lapa do Santo rockshelter. Contrary to his 

expectations, he found diversity of burial patterns in the early Holocene period. Also, 

despite the lack of grave goods, skeletons buried at Lapa do Santo displayed elaborate 

body manipulations. For instance, burial 26 was found with two disembodied hands lying 

over the face of a decapitated head. Other examples include disarticulation of anatomical 

parts, individualization of skulls, bundle bones, cut long bones extremities, a mandible 

with drills in the coronoid process, profusion of cut and chop marks, teeth extraction, 

cremation, and ochre application. These mortuary rituals probably took a considerable 

amount of energy and time. Strauss (2010) proposes a sophisticated symbolic universe 
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related to mortuary rituals in Lagoa Santa, apparently contradicting the idea that Lagoa 

Santa was occupied by small mobile bands with little social complexity. On the other 

hand, Strauss (n.d.) advised against the risk of coming to simplistic conclusions on social 

organization using mortuary patterns. Recently, an anthropomorphic figure engraved in 

the bedrock of Lapa do Santo was dated to between 9,500 to 12,500 yr. BP (Neves et al., 

2012). This date might represent the oldest rock art found in the New World so far, 

showing the importance of rock-art to the first populations in Lagoa Santa. In fact, the 

complexity of the symbolic world in hunter-gatherer populations should be kept in mind.   

Paleoenvironment 
 

The current climate of Lagoa Santa is considered tropical humid with marked 

seasonality. The winter is coold and dry, while the summer is warm and wet. Average 

annual precipitation is 1,325 mm and temperature is 23
o
C (73

o
F).  The average 

temperature of the coldest month is 18
o
C (64

o
F), but the temperature can occasionally 

drop close to the freezing point (Neves and Pilo, 2008). During the dry season (May 

through September), only 8% of the annual precipitation is discharged. In turn, the 

wettest months are between November and January (Patrus, 1998). Lagoa Santa is a 

Karstic region under the protection of the Brazilian government since 1990 (APA-Karst 

of Lagoa Santa). The area is bounded by two rivers, the Velhas River to the east and 

Ribeirao da Mata River to the southwest.  

The Lagoa Santa landscape is characterized by the presence of caves and 

rockshelters formed by carbonate dissolution by water. A strong determinant of the 
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Lagoa Santa landscape is its water dynamic. During the winter, sources of water 

disappear due to surface drainage through sinkholes (sumidouros). The porosity of the 

limestone rock is greatly responsible for this rapid surface drainage. The complete drying 

up of Sumidouro Lake in 2001 due to drought attests to the hydric stress in Lagoa Santa, 

which is considered a source of perennial water in the lowlands of the Karst. In turn, the 

upland region of the Karst is characterized by mountain ranges covered by savannah 

vegetation, few sources of water, few rockshelters, and abundant sources of raw material 

for tool production such as the quartz. The Karstic plateau (700-800 m/ 2,300-2,650 ft. of 

altitude) is the region with the greatest number of rockshelters. In this part of the Karst, 

the waved terrain is the result of underground dissolution and collapse of carbonate rocks, 

forming large depressions (dolinas). These depressions form temporary lakes during the 

rainy season. In addition, the plateau is characterized by limestone outcrops containing 

caves and rockshelters (Neves and Pilo, 2008). The vegetation of the region is a mix of 

deciduous and semi-deciduous forests as well as open savannah grasslands. The 

predominance of open fields and grassland in the current landscape of Lagoa Santa is 

deceiving. In fact, current vegetation is the result of recent human interventions for 

raising crops and herding cattle. Lastly, the lowland region of the Karst contains few 

rockshelters. On the other hand, it is an area of more perennial sources of water such as 

the Sumidouro Lake and the west margin of the Velhas River.  

Paleoclimate reconstructions in Lagoa Santa have generated divergent 

interpretations. Archaeological data has shown a lack of human occupation of Lagoa 

Santa between 7,000 and 3,000 yr. BP. Araujo and colleagues (2005) named this period 
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the “Archaic gap.” Aiming to explain this period of human abandonment of the region, 

they gathered evidence indicating a mid-Holocene period of drought throughout central 

Brazil. This finding contradicts the traditional idea of a climatic optimum (high humidity) 

during the middle Holocene in Brazil. Indeed, central Brazil seems to be more sensitive 

to drought than southern Brazil, since the latter region showed no decline in human 

occupation during the mid-Holocene. An alternative scenario explaining the “Archaic 

gap” would be increasing soil erosion during the middle Holocene, sweeping off the 

layers of human occupation in the Lagoa Santa rockshelters. Climatic change, alteration 

of sediment deposition and human abandonment might be acting together to generate the 

“Archaic gap” in Lagoa Santa. On the other hand, pollen gathered from sediment 

columns on the margins of Ribeirao da Mata River showed no evidence of dryness during 

the mid-Holocene. Instead, the data showed increasing instability during that period. 

Climate instability might provide an alternative explanation for the lack of human 

occupation during the middle Holocene in Lagoa Santa (De Oliveira and Raczek, n.d.). 

Conversely, archaeological tests on the margins of perennial lakes showed little organic 

matter during middle Holocene, supporting the middle Holocene dryness. In turn, macro 

remains of plants from pits at the ravines of permanent rivers showed no change in 

vegetation from the early to middle Holocene periods (Neves et al., 2008). Perez (2009) 

studied the animal abundance at Lapa do Santo and Cuvieri
12

. She was unable to see 

differences in the composition of fauna between early and middle Holocene. The only 

                                                 
12

 paleontological site excavated from 2002 to 2008 under W. Neves supervision. 
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change was an increase of humid forest animals during the late Holocene. The faunal 

record, therefore, points to a lack of climatic change in Lagoa Santa.  

Paleoclimate in Lagoa Santa remains a controversial topic. The first human 

settlers in Lagoa Santa in the beginning of the Holocene might be explained by 

demographic pressure in the neighboring regions or by increasing water availability in the 

Karstic region. Likewise, decline of archaeological evidence during the middle Holocene 

might be explained by climatic change (e.g., drought, instability) or by increasing erosion 

of rockshelter sediments. Further evidence is required to clarify the climate dynamic 

during the Holocene in Lagoa Santa. 

Santana do Riacho site 
 

 The rockshelter Grande Abrigo de Santana do Riacho was excavated between 

1976 and 1979 by the French-Brazilian mission. This site is located 60 km northeast of 

the APA-Karst of Lagoa Santa. The geologic formation of this region is at the foot of the 

Serra do Cipo ridges in the limit between the Sete Lagoas limestone formation and the 

quartzite Espinhaco supergroup (Malta and Kohler, 1991). The walls of this rockshelter 

are made of quartzite, forming a shelter of 80 m in length (Kohler et al., 1991). The 

current climate of the region is very similar to the APA-Karst of Lagoa Santa. Average 

precipitation is reported as 1564 mm per year, with mean temperature at 20.6
o
C (69

o
F) 

(Neves et al., 2003). The terrain shows altitudes varying from 700m to 1400m (2,300 ft. 

to 4600 ft.).  
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 Due to the proximity of Santana do Riacho to the APA-Karst region of Lagoa 

Santa, the climate, vegetation, and fauna are very similar. The lithic material is 

predominantly composed of flakes of quartz and flint with few formal instruments such 

as bifaces, projectile points, scrapers and limaces (Prous et al., 1991). The flint 

technology is found in the old strata of the site, following the same pattern observed at 

Lapa do Santo and Lapa das Boleiras. Use-wear analysis of quartz scrapers showed 

evidence of hide or pigment processing and wood-working (Lima, 1991). Instruments of 

bone, such as perforators and hooks, were also found. Botanical remains included nuts 

and wild fruits such as coconuts (Astrocarium sp.) and pequi fruit (Caryocar brasiliense; 

Resende and Prous, 1991). Regarding the faunal assemblage, the site provided bones of 

small to medium size animals such as cavies, turtle and deer (Kipnis, 2002). The 

mortuary pattern is different from Lapa do Santo and Lapa das Boleiras. In fact, there is 

little evidence of body manipulation in Santana do Riacho. Some bodies were wrapped in 

hammocks, while others were found with grave goods such as lithic tools, wood 

necklaces and bone instruments. In general terms, there is great similarity between the 

APA-Karst of Lagoa Santa and Santana do Riacho regarding archaeological remains and 

geographical settings. 

Prehistory of central Brazil 
  

 The early Holocene human occupation in Lagoa Santa is not an isolated 

occurrence in the context of central Brazil archaeology. In fact, there is solid evidence of 

occupation of the Brazilian territory during the Pleistocene/Holocene boundary. 
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Occupation of the Amazonian region is dated to more than 11,000 yr. BP at Monte 

Alegre (Roosevelt et al., 1996). Archaeological sites from the states of Goais 

(Serranopolis), Mato Grosso (Santa Elina), Pernambuco (Brejo da Madre, Chao do 

Caboclo), and Minas Gerais (Boquete, Santana do Riacho, Lapa Vermelha IV) have 

shown human occupations between 12,000 and 10,000 yr. BP (Prous and Fogaca, 1999). 

Archaeological sites in Minas Gerais, Central Brazil, provide the best-studied material in 

terms of early human occupation. In the APA-Karst region of Lagoa Santa, the oldest 

human occupation is reported to an open-air site (Coqueirinho) at 10,460 ± 60 (Neves et 

al., 2008). The site of Santana do Riacho contained a thick layer of ash, possibly of 

human origin, dated to 11,960 ± 250 yr. BP. Boquete Cave in northern Minas Gerais 

contained a clear human occupation level dated to 12,000 yr. BP (Prous and Fogaca, 

1999).  

 Little information is available about these early occupations in Central Brazil. 

The majority of the studies have focused on their lithic assemblage. Schmitz (1987) 

called the earliest lithic industry in central Brazil of an “Itaparica tradition.” This industry 

consists of large and thick flakes, scrapers, planes and limaces, which are thick double 

side scrapers with one pointed end. This industry is characterized by unifacial artifacts 

and by the lack of projectile points. The few projectile points found in Central Brazil 

were interpreted as intrusive or exotic. However, broken projectile points have been 

found in Minas Gerais sites with evidence of their debris of manufacture (Prous and 

Fogaca, 1999). Recently, open-air sites in Lagoa Santa have shown that the early lithic 

material was composed mostly of small flakes of quartz with few formal tools (Araujo et 
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al., 2002; Araujo and Feathers, 2008). This generalized industry of flakes seems to be 

typical of early sites in Minas Gerais. 

 In terms of subsistence, Kipnis (1998, 2002) carried out a thorough analysis of 

the fauna assemblage from sites in northern Minas Gerais and Santana do Riacho in 

Lagoa Santa. He showed that subsistence in the late Pleistocene and early Holocene was 

based on small- to medium-sized animals. In fact, there is a clear continuity between 

Pleistocene and Holocene human strategies of subsistence in Central Brazil. He applied 

evolutionary ecology models to the fauna assemblage from Minas Gerais sites, detecting 

the predominant consumption of lower ranked animals. Following the principles of 

optimum foraging theory, low-ranked animals are consumed when large animals (high 

ranked) such as megafauna are not found in adequate numbers in the landscape. Instead, 

the early inhabitants of the region were using smaller animals and plants as their main 

subsistence strategy. The use of a diversified diet in the late Pleistocene is concordant 

with the flake technology and the lack of large projectile points, which are typical of 

central Brazil sites. On the other hand, these findings contrast with the traditional model 

of Paleoindian subsistence, which is based on hunting of big-game animals. 

Kipnis (2002) proposed a model to explain why the diversified strategy was 

adopted so early in central Brazil, considering that this diversification is an archaic 

phenomenon. Paleonvironmental data have reported high climatic instability at the end of 

the Pleistocene in central Brazil. Kipnis suggested that the first inhabitants of central 

Brazil dealt with instability using the “buffering dispersal strategy.” In his model, humans 

relied on social networks, exchanging information, resources and marriage opportunities 
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with neighbor groups to obtain essential resources in periods of scarcity. This model 

predicts that humans diversified their diet since the late Pleistocene, while they kept high 

mobility and social interaction. The first archaeological remains of a domesticated plant 

(maize) and ceramics in central Brazil appeared only 2,500 yr. BP (Freitas et al., 2003). 

Accordingly, early Holocene populations of Central Brazil were exclusively foraging 

societies until the late Holocene.             

Models for lifestyle and health: summary 
 

 In light of the archaeological evidence described in this chapter, a summary is 

provided for each of the five aspects of lifestyle and health examined in this 

investigation.   

In terms of oral health and subsistence, some authors suggested poor oral health 

of Lagoa Santa inhabitants. These observations came from side notes from nineteenth 

century studies as well as from caries prevalence found in sub-samples of the Lagoa 

Santa collection. A high prevalence of caries, tooth loss, and tooth wear has been 

observed in Lagoa Santa skulls. However, none of these studies used a standardized 

methodology controlling for sex and age. Regarding archaeology, there is evidence from 

fauna assemblages that early Holocene people from central Brazil consumed low ranking 

animals (medium to small-sized fauna). According to evolutionary ecology models, this 

strategy led to a generalized diet with high reliance on plants. The lithic material also 

points to this generalized strategy, since large projectile points were not typically found 

in early Holocene sites from central Brazil. In fact, the region of Lagoa Santa is 
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characterized by a generalized flake industry. Moreover, preliminary isotopic data also 

seems to suggest a generalized diet with reliance on plants. This body of evidence, 

however, does not invalidate the null hypothesis that Lagoa Santa is a typical hunter-

gatherer population, because many foraging populations from the Archaic had a 

diversified diet including wild plants and animals.   

Regarding activity patterns, little information is available about daily activities of 

early Holocene inhabitants. Although speculative, some specific activities related to 

intense plant and animal processing would be expected. It is hard to predict the exact type 

of lesion that processing plants and hunting small to medium-sized animals would cause 

to the joints. Using skeletal material from Santana do Riacho, studies have shown low 

osteoarthritis and low osteophytoses in the vertebral column. However, these conclusions 

were either qualitative or based on a small comparative sample. The collection of Santana 

do Riacho was characterized as having very slight muscle marks, indicating low activity. 

On the other hand, a different study using the same collection characterized males as 

more robust than females, showing higher prevalence of osteoarthritis.  

Regarding mobility patterns, there is little understanding of the settlement 

organization of early Holocene groups in Lagoa Santa, mostly due to the small number of 

open-air sites excavated. Nonetheless, archaeological data indicates that rockshelters in 

the region were occupied since the first millennium of the Holocene. Some of these 

rockshelters showed intense accumulation of sediment generated by human activity. 
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Around 9,000 yr. BP, humans began to bury their dead in the rockshelters
13

, indicating 

some sort of social change. Furthermore, at the same time, quartz (found locally) began 

to predominate at the expense of flint (exotic) as a raw material for lithic tools. These 

changes suggest a more dense occupation associated with less residential mobility after 

9,000 yr. BP.  

Considering accidental trauma, skeletal evidence from Santana do Riacho pointed 

to high prevalence of accidental traumas. This fact could be related to steep terrain in the 

surroundings of this rockshelter, which is located at the foot of the Serra do Cipo ridge. 

Regarding the APA-Karst region, the geography of the terrain is predominantly flat with 

smooth relief in the zone where the majority of the rockshelters are located. On the other 

hand, the upland Karst and top of the limestone outcrops are characterized by steep 

terrain. It is very difficult to make predictions about accidental traumas considering the 

geography of the terrain, since they would depend on the parts of the landscape more 

intensely used and on the kind of activities executed in these landscapes. 

In terms of infectious diseases, studies with skeletal data from Santana do Riacho 

pointed in the opposite directions. Using the same skeletal collection, one study 

concluded that the population was substantially affected by infections, while the other 

study drew the opposite conclusion. Again, more skeletons and a larger comparative 

sample will be necessary to clarify this topic. Regarding archaeology, evidence 

mentioned in this chapter suggests less mobility and high population density during the 

early Holocene. This scenario would cause high prevalence of infectious diseases. 

                                                 
13

 In fact, the majority of the skeletons used in this investigation are between 9,000 and 7,500 yr. BP (see 

Chapter 5). 
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However, the terms high or low should be used only in relation to a comparative sample. 

This large comparative analysis still needs to be undertaken in the Lagoa Santa case. In 

terms of climate and proliferation of diseases, Lagoa Santa would be an intermediate case 

between the hot and humid tropical forests and the cold and dry temperate zones. 

 Predictions about systemic stress are hard to make using archaeological data 

from Lagoa Santa. Considering population density as the major stressor in pre-historic 

human populations, Lagoa Santa seems to have undergone a process of decreasing 

mobility and increasing population density during the early Holocene. However, the 

archaeological data are still insufficient to measure the magnitude of these changes. 

Regarding climatic stress, Lagoa Santa is characterized by seasonality and hydric stress 

during the winter. Paleoclimatic data, nonetheless, indicates that the early Holocene was 

a period of relative stability and abundance of water in the APA-Karst region of Lagoa 

Santa. Regarding skeletal studies, osteometric data generated in the mid-twentieth 

century showed that stature was short in Lagoa Santa compared to worldwide human 

averages. However, these studies were not clear about the methodology adopted and the 

comparative sample used. In addition, Harris lines were found in Lagoa Santa skeletons. 

Taken together, these markers have suggested the occurrence of stress in this population, 

but it is hard to evaluate the intensity of these stressors in Lagoa Santa. In Santana do 

Riacho, moderate porotic hyperostosis was found in the skulls as well as high infant 

mortality. In fact, systemic stress in Lagoa Santa population is a topic requiring further 

investigation.       
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No evidence of interpersonal violence was found in the collection of Santana do 

Riacho. This collection has been the only source for population studies attempting to 

understand violence in Lagoa Santa. Studies from the nineteenth and twentieth centuries 

reported traumas in Lagoa Santa skulls as the cause of death in subjects. In the case of 

human skeletons from Sumidouro Cave, Lund believed that some individuals were killed 

with blows to the head. Walter also mentioned isolated cases of fractures in the head in 

his skeletal collection. However, these researchers did no approach the topic from a 

population perspective. Regarding archaeological data, the only source of information 

about violence is the inferred increasing of population density in the APA-Karst during 

the early Holocene. Accordingly, increasing population density would increase violence. 

The seasonal climate of Lagoa Santa and its associated hydric stress might have led to 

disputes for the few permanent water sources available during the winter. 

Unpredictability of the climate would also aggravate this situation. However, these data 

are not robust enough to support an increasing of interpersonal conflict during the early 

Holocene in Lagoa Santa. 

 

Summary 
 

This chapter describes the history of more than 180 years of archaeological 

excavations in the region of Lagoa Santa. Peter Lund was the pioneering in exploring the 

region, establishing the main research questions approached in the last two centuries. The 

antiquity of the Lagoa Santa people and their coexistence with megafauna were topics of 
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intense debate over the last two centuries. Health and lifestyle were less emphasized in 

the research tradition of the region, which was focused on population history and 

migration models. Hundreds of early Holocene skeletons were excavated since the 

nineteenth century, but only recently excavations followed methods of spatial and 

temporal record of the archaeological remains. Recently, the project coordinated by W. 

Neves provided new archaeological and paleoenvironmental data. Evidence has 

accumulated that the Lagoa Santa region was intensely occupied during the early 

Holocene, possibly in a period of more humidity. In addition, botanical, faunal and 

technological data have shown that Lagoa Santa subsistence is very different from the 

Clovis culture in North America. That is, Lagoa santa inhabitants had a generalized diet 

based on plants and medium- to small-sized animals. In the archaeological context of 

Central Brazil, Lagoa Santa archaeology is not an exception. Few arrow points are found 

in Central Brazil during the Pleistocene/Holocene boundary. In fact, a generalized 

subsistence is supported by the archaeological record since 12,000 yr. BP in this region. 

Finally, this chapter outlines possible models for health and lifestyle in the Lagoa Santa 

region, raising some predictions for the prevalence of osteological and dental markers of 

health.     

     

 

 

 



87 

 

 

 

 

 

Chapter 4 : Bioarchaeology and health 

 

This chapter addresses the foundation of the field of bioarchaeology regarding 

health and lifestyle. The organization of the text starts with the definition of 

bioarchaelogy and health, stating the main focus of this investigation. In sequence, the 

theoretical context situates bioarchaeology and health in a historical sequence. 

Specifically, this work uses bioarchaeology in a global context, comparing populations 

from different environments and social conditions. The next section describes the 

osteological and dental markers of health analyzed here. They are organized into five 

groups: Oral health and diet, activity (workload, mobility, and accidental injuries), 

infectious disease, systemic stress in growth and development, and interpersonal violence 

and warfare. Finally, this chapter outlines the expectations for Lagoa Santa as an early 

Holocene society from the New World.    

 

Definition 
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Bioarchaeology is the study of past human populations using the human skeleton 

as its object of study. Larsen (1997:3) defined the field as “…an emerging discipline that 

emphasizes the human biological component of the archaeological record.” Although this 

definition of bioarchaeology emphasizes the study of human skeletons, broader 

theoretical approaches are essential to interpret behavior using skeletons from 

archaeological contexts. Buikstra (1977), for example, stresses the connection between 

human skeletons, mortuary behavior, spatial patterns and social theory. Larsen (1997, 

2002, 2006), alternatively, emphasizes a wide range of behavior interpretations in the 

realm of quality of life, lifestyle, health, and population history. Bioarchaeology is 

intimately bound to the traditional four fields of American anthropology. Archaeology, 

physical anthropology, cultural anthropology, and linguistics are linked in the most 

American anthropology departments. Furthermore, Larsen (2006:359) emphasizes the 

importance of teams of scientists of areas outside of anthropology such as geology, 

chemistry, biology, and engineering sciences. Bioarchaeology, as a global discipline, is 

also practiced in England but under a different historical tradition than in America. Clark 

(1972), an English archaeologist, applied the term bioarchaeology to all biological 

remains found in archaeological contexts (e.g. fauna, plants, human skeletons). Later, in 

England, the term human osteoarchaeology was used to refer specifically to human 

remains (Roberts, 2006). Throughout the years, specific terms have been adopted to refer 

to subfields of human skeletal studies such as paleopathology, osteology and human 

skeletal biology. Bioarchaeology aims to be a broad term encompassing all these areas 

studying human remains in the past. 
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Although bioarchaeology is represented by different national traditions, the field 

has a global identity, being broadly defined by the interconnection of physical 

anthropology and archaeology. This work builds on the American tradition of 

bioarchaeology to study the human skeleton collection of Lagoa Santa, Brazil. This 

dissertation focuses on lifestyle and health dimensions (see reasons in Chapter 1 and 3). 

Health is defined by the World Health Organization (WHO, 2006) as “…a state of 

complete physical, mental, and social well-being and not merely the absence of disease or 

infirmity.” This definition highlights the importance of evaluating multiple aspects of 

health, not as present or absent, but as a dynamic equilibrium between individuals and 

their surroundings. In short, this investigation aims to understand health and lifestyle of 

Lagoa Santa inhabitants from a biocultural perspective. 

Theoretical context 
 

 Because bioarchaeology is a field grounded in studying human skeletons in an 

archaeological context. It is rooted in a long history of theoretical approaches. A brief 

historical description of these changes is outlined, focusing specifically on the American 

history of physical anthropology regarding studies of lifestyle and health. 

 Washburn (1951) brought the principles of biological theory of evolution to 

physical anthropology. The new approach emphasized mechanism, process, systematics, 

theory, and variation through time instead of measurement, classification, technique, 

typology, and static categories of the old physical anthropology. Washburn’s text marked 

the inaugural point of the new physical anthropology. Washburn defended the scientific 
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principles in anthropology, including emphasis on empirical evidence and new 

techniques. Furthermore, he proposed the use of genetic data as a supplemental source of 

analysis. Interestingly, two years later, the discovery of the structure of DNA inaugurated 

the new field of molecular biology (Watson and Crick, 1953). The impacts of new 

physical anthropology are multiple. First, it placed the theory of evolution at the core of 

the field. Second, it emphasized the integration between genetics and morphology. Third, 

the scientific method became the means of acquiring knowledge in physical 

anthropology. However, as a cautionary note, the impacts on physical anthropology were 

not immediate. After more than 50 years, a considerable number of descriptive studies 

are found in modern physical anthropology (Armelagos and Van Gerven, 2003; Larsen, 

2010). 

 This new physical anthropology employed the unit of population as the most 

important unit of study, emphasizing its variation and change over time. E.A. Hooton was 

one of the precursors of the population approach (Hooton, 1930), being one of the 

pioneers in using prevalence to describe diseases in the skeletal population of Pecos 

Pueblos. In contrast to modern physical anthropology, Hooton still believed in racial 

types. At the same time, he was also interested in the connections between biology, 

culture, and environment (Armelagos and Van Gerven, 2003). Indeed, Hooton was 

decisive in training many of the scholars who changed the profile of physical 

anthropology in the following decades. In addition to Washburn (one of Hooton’s 

students), J.L. Angel was a key scholar in developing the population approach in the 
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study of human skeletons (Angel, 1946). His approach, named social biology, viewed 

human skeletons as a result of biological and cultural influences (Buikstra, 2006:349).  

 Concurrent with social biology studies, the field of archaeology saw the rise of 

New Archaeology during the 1960s. Instead of classifying time periods in chronological 

sequences and undertaking diffusion studies, the new archaeology searched for process, 

hypothesis, empirical data and scientific explanation (Binford, 1962). Ecological theory 

was also developed during the 1960s and 1970s in connection with systemic and 

environmental approaches. Dunn (1968), for example, applied principles of ecology and 

epidemiology to understand health in modern hunter-gatherers. This laid the foundations 

of the bioarchaeology field. During the 1970s and 1980s, bioarchaeology appeared as a 

distinct field taking a population perspective, scientific methodology, and a focus on 

interactions between human skeletal biology, environment and culture.  

One of the key ideas associated with bioarchaeology is the biocultural concept, 

having its roots in Hooton and Angel, who emphasized the multidisciplinary and holistic 

aspect of human behavior studies. During the 1970s and 1980s, the biocultural concept 

was systematically applied to bioarchaeological studies. Larsen (1982) published a 

regional study approaching biocultural adaptation using osteological markers of health 

and disease in the St. Catherines Island skeletal collection. Armelagos and Goodman, in 

turn, carried out large projects in Nubia (Armelagos et al., 1972) and Dickson Mounds, 

Illinois (Goodman et al., 1984) using the biocultural concept as a holistic and 

multidimensional concept to understand past behavior, adaptation and 

human/environment interaction. From a theoretical perspective, Goodman and colleagues 
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(1988) articulate these multiple factors and the skeletal markers of disease and stress in a 

single model. For them, environmental constraints, cultural and host resistance influence 

physiological disruption and consequently indicators of stress. In this model, multiple 

dimensions of human behavior and biology interact in a biocultural framework. 

Another important idea in bioarchaeology is the concept of stress. Goodman and 

colleagues (1988) construct their bioarchaeological model based on the Selyean concept 

of stress (Selye, 1973). Selye states that stress is a nonspecific manifestation of the body 

in order to maintain its physiological equilibrium. Constant and repetitive stress episodes, 

however, can cause diseases and functional disorders. The Selyean stress concept 

emphasizes the adaptive interaction between the human body and environment. Selye 

proposed a mechanism of general hormonal response to environmental stimulus. 

Although his mechanism is a clear oversimplification of human physiology, his idea of 

biological adaptation to the surrounding environment persists as an important component 

of the biocultural approach in bioarchaeology (Goodman et al., 1988). Zuckerman and 

colleagues (2012:39) define the biocultural concept in these general terms “…dynamic 

interaction between humans and their social, cultural and physical environments.” Note 

that the definition of biocultural is very similar to the definition of health of WHO 

(2006). The biocultural concept is important in bioarchaeology as a framework of the 

interactions between humans and their surroundings.    

  While some researchers focus on the political and economic side of the 

biocultural concept (Armelagos and Van Gerven, 2003), others emphasize the plasticity 

of the human skeleton. Bone tissue is highly responsive to the surrounding environment, 
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leaving permanent or transitory marks on the skeleton. Steinbock (1976), for example, 

points out the importance of identification of stress markers in the skeletons. Even though 

they are mostly unspecific regarding etiology (e.g., nonspecific infections), they provide 

good tools for inferring past health from a population perspective (Zuckerman et al., 

2012). Huss-Ashmore and colleagues (1982), for example, relied on general stress 

markers to make inferences about diet and nutrition. Cohen and Armelagos (1984), in 

turn, edited an anthology that focused on skeletal markers to understand the transition 

between farmers and foragers. Bone plasticity has long been known to fall under the 

umbrella of “Wolff’s law,” which was proposed at the end of the 19th century by the 

anatomist, Julius Wolff. Originally, Wolff derived his law from the study of mechanical 

loading influence on the trabecular orientation of the proximal femur. Later, his study 

was generalized to the entire skeleton. Loads and strains applied to bones during an 

individual’s lifespan change bone morphology. That is, form and function are closely 

related (Wolff, 1892). Recently, Pearson and Lieberman (2004) criticized the 

straightforward application of this law in past skeletons. On the other hand, Ruff and 

colleagues (2006a) presented counter evidence supporting the idea of bone plasticity in 

human skeletons. Bone plasticity and responsiveness to environmental stimulus is crucial 

to infer behavior in bioarchaeology. In fact, Larsen (1997), Goodman and Martin (2002), 

and Ruff and colleagues (2006a) report robust evidence showing that the skeleton is 

highly responsive to activity and stress.         

Despite the optimism inspired by the new skeletal markers in the 1970s and 

1980s, some criticism was leveled at them in the bioarchaeological literature. Wood and 
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colleague’s (1992) article represents a landmark in these criticisms, raising doubts about 

our ability to accurately interpret skeletal material, especially in relation to health 

outcomes. These intrinsic skeletal biases are collectively called the osteological paradox, 

which suggests that skeletons with a higher prevalence of stress markers might represent 

the healthier portion of a population. In fact, these individuals would be able to survive 

stressful events during their lifetime. According to Wood and colleagues, this paradox 

shows how a lack of information on human skeletons hinders conclusive accurate 

interpretation of past behavior. That is, paradoxical (i.e., contradictory, opposed) 

interpretations can be made using the same source of information. Their concerns were 

separated into three categories: non-stationary demography, hidden heterogeneity and 

selective mortality. In recent years, however, researchers in bioarchaeology have devised 

many ways to overcome these problems. Integration of multiple lines of evidence 

(ethnography, skeletal biology, archaeology, among others), identification of subgroups 

within the skeletal sample (age, sex, status), and use of mortality and demographic 

parameters are some of the ways to solve this paradox (Wright and Yoder, 2003; 

Boldsen, 2007). In this sense, interdisciplinary knowledge is essential to answer questions 

in bioarchaeology and to avoid dubious interpretations of the skeletal data. On a more 

positive note, these biases have raised bioarchaeology to a more complex and rigorous 

level of research. Instead of relying on straightforward interpretations derived from the 

simple prevalence of stress markers, bioarchaeology has evolved into a more hypothesis-

driven field, cross-checking information with other sources of data (e.g., archaeology, 

molecular biology, ethnography; Larsen, 2010; Larsen and Walker, 2010). Other biases 
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such as differential preservation and aging techniques have also been highlighted by other 

scholars in the past 20 years (Stojanowski et al., 2002; Milner et al., 2008).  Briefly, 

focusing on the context of the skeletons in its broad sense (archaeological, social, cultural 

and biological) is the best way of addressing these biases.   

 Current bioarchaeology incorporated these critiques and moved on to a diverse 

set of approaches such as political-economic (Armelagos and Van Gerven, 2003), social 

identity and gender (Knudson and Stojanowski, 2008), isotopic analysis (Bentley, 2006; 

Katzenberg, 2008), molecular biology (Gosman, 2012), and genetic studies (Stone, 

2008). In this chapter, the approach adopted in this investigation is described in detail. 

This approach is an attempt to compare populations across the globe, being named 

comparative analysis or bioarchaeology in a global context (Steckel and Rose, 2002a).  

Bioarchaeology in a global context 
 

Population studies using osteological stress markers began in the 1970s. The first 

comprehensive synthesis of these studies was published in 1984 in an anthology called 

Paleopathology at the Origins of Agriculture (Cohen and Armelagos, 1984). It included 

19 regional studies focusing on the transition from hunter-gatherers to agriculturalists. 

One of its conclusions was that the transition to farming resulted in high costs in terms of 

health. In fact, skeletons of agriculturalists show more stress markers than foragers. It 

was the first attempt to understand past health from a global perspective. Lee and DeVore 

(1968) edited an anthology that was one of the first efforts to assemble solid evidence 

that hunter-gatherer life was not “nasty, brutish, and short” (p.43) as imagined by 
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previous archaeologists (Braidwood, 1960). Dunn (1968), for example, used ecological 

models to support the idea that malnutrition and starvation are rare events in living 

hunter-gatherers compared with agriculturalists. As the number of bioarchaeological 

studies accumulated, conclusions about the transition from foragers to farmers pointed in 

the same direction. Larsen (1997) undertook a vast review of the bioarchaeological 

literature showing a clear decrease of health in farmers compared to foragers. Such 

interpretation of this transition was criticized by Wood and colleagues (1992). For them, 

agriculturalists could be healthier so long as the skeletons were interpreted in light of 

selective mortality. Goodman (1993) and Cohen (1994) answered these critiques showing 

that the skeletal results were supported by archaeological and ethnographical sources. 

Steckel and Rose (2002a) undertook a large project including a representative 

sample of skeletons from the New World. They calculated an index of health using 

osteological stress markers. In turn, McCaa (2002) calculated their life expectancy using 

the same skeletal sample. Steckel and Rose (2002b) regressed health index and life 

expectancy, finding a weak, however, significant positive correlation (R
2
=0.14). In 

conclusion, better health of the skeleton is correlated with greater longevity. These data 

reinforce the idea that skeleton markers are an accurate representation of past health.            

One central question remains: How can we compare studies undertaken from 

different authors if there is no standard for pathological analysis? This solution came with 

Buikstra and Ubelaker’s (1994) manual with standard procedures for osteological 

analyses. These standards were the first systematic attempt to unify methods in 

bioarchaeology. In order to effectively compare skeletal collections from different 
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regions of the world a project named “The Global History of Health” undertook a vast 

data collection using a unified protocol, consisting of a unified data code scheme (Steckel 

et al., 2002b). Even more important, this project posted the entire dataset on-line 

(http://global.sbs.ohio-state.edu) for any researcher interested in comparative 

bioarchaeology. In this sense, this project not only drew conclusions on a continental 

scale but it also fostered the use of the same standardized methodology in future studies. 

 Yet, such large global projects have been criticized both in terms of 

methodology and theory. The Western Hemisphere project (WHP) uses a simplified 

methodology, restricting its scope to visual osteological markers scored only in a reduced 

number of forms. Also, it uses a general index of health that is simple and preliminary 

(Steckel and Rose, 2002a). In terms of theory, some scholars state that the project does 

not pay enough attention to particular contexts, being focused excessively on universal 

patterns (Cook, 2007:18). As a response to these critiques, a European module of the 

Global Health project is under way. The European version of the Global project seeks to 

improve the comparative approach in many aspects. First, a more detailed protocol was 

published before the data collection intending to improve standardization (Steckel et al., 

2006). Second, intra-observer tests were undertaken to guarantee that the difference 

between collectors is negligible. Third, the archaeological context is expected to be better 

documented, including new techniques of bone analysis such as stable isotopes. While 

this second version of the project is under way, the dataset of WHP is fully available. 

 The comparative bioarchaeology approach has benefitted from another recent 

anthology named Ancient Health:  Skeletal Indicators of Agricultural and Economic 

http://global.sbs.ohio-state.edu/
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Intensification (Cohen and Crane-Kramer, 2007). The editors compiled 21 studies 

applying traditional osteological markers under the same mold of the anthology published 

in 1984 (Cohen and Armelagos, 1984). This new book aims to expand the geographical 

scope of the first one in addition to responding to criticisms made of the first book over 

the past 20 years. In its summary chapter, the editors of Ancient Health conclude, “… that 

health commonly declined through prehistory remains one of the more robust broad 

conclusions about prehistory.” (Cohen and Crane-Kramer, 2007:343). This conclusion 

supports findings published more than 20 years ago in the first version of the book 

(Cohen and Armelagos, 1984). This decline is explained by the deep changes in lifestyle 

caused by the transition from foraging to farming. Although that book fits in the tradition 

of comparative bioarchaeology, there is variation within this sub-field. Contrary to the 

Global Health project, Cohen and Crane-Kramer “…believe that standardization of 

techniques across workers may be impossible to achieve fully even when guidelines are 

provided.” (Cohen and Crane-Kramer, 2007: 9). In fact, researchers undertake analysis 

within a regional series; only afterwards, the editors compare regions qualitatively in 

order to obtain trends in a global scale. 

 This present investigation is constructed on the work of comparative 

bioarchaeologists undertaken in the last 30 years. Nonetheless, this investigation intends 

to approach some of the challenges faced by cross-regional comparisons. First, standard 

methodology published in the Western Hemisphere project is used here (Steckel at al., 

2002b). I strongly believe that using simple score schemes allowed us to make 

quantitative comparison across regions studied by different authors (see Chapter 5 for a 
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discussion). Second, the traditional division between hunter-gatherers and agriculturalists 

is used in this work. However, instead of approaching this distinction as an essential and 

universal category, this investigation analyzes the variation within subsistence strategy. 

As Larsen (1997) recognized, foraging and farming subsistence are characterized by 

extensive internal variability. Furthermore, the transition between incipient foragers, and 

fully and intensive agriculturalists may be gradual instead of abrupt. In the center of 

domestication, the process of domestication can take thousands of years until domesticate 

plants become the staple diet in the society (see example in Chapter 2). In other places, 

the change is abrupt when the entire package of domesticated products is adopted from 

the centers of domestication. In light of these diverse scenarios of plant use, this 

investigation approaches the problem using quantitative methods to calculate central 

tendency and population variation. Third, this investigation integrates comparative 

bioarchaeology with a deep understanding of local contexts. The large dataset of the 

WHP is used to situate Lagoa Santa, Brazil, within a larger context. In this sense, we 

argue that comparative bioarchaeology can provide crucial insights in the history of 

particular regions. Contrary to the argument that global bioarchaeology is too general, 

this investigation uses a large dataset from the Western Hemisphere to understand local 

adaptations and lifeways pertinent to Lagoa Santa (see Chapter 3).       

Osteological markers of health 
 

 Five attributes of health and lifestyle are described along with their respective 

osteological markers. Genetic and methodological factors may account for part of the 



100 

 

variation found in the population’s prevalence of osteological markers. However, there is 

a large body of research supporting the idea that environment is a major factor in this 

variability (e.g. Larsen, 1997; Goodman and Martin, 2002; Ruff et al., 2006a). The 

crucial point of using these osteological markers to reconstruct lifestyle is not to assume 

that environment is the only factor in the variation of prevalence, but that environment is 

a major, substantial, and detectable factor in this variation. Recent literature has shown 

that multiple factors cause the expression of markers in the skeleton. However, 

complexity does not preclude us from detecting the main factors responsible for 

expression of these markers in prehistory. Interpretative models to understand behavior 

using skeletal data are described briefly.  

Oral health and diet  
 

 Teeth are the only hard tissue of the human body to come into direct contact 

with food during a person’s lifetime. In addition, teeth can be used for extra-masticatory 

functions such as holding basketry fibers or chewing hides for clothing. The skeletal 

structures around the teeth (alveoli) are also responsive to chewing. Inflammations 

known as periodontitis and abscesses are common in past populations, and both are 

largely influenced by diet (Larsen, 1997). Tooth wear, periodontitis, caries, and abscesses 

can be potential causes of tooth loss, which can have drastic consequences in terms of 

nutritional intake (Palmer and Pappas, 1989). The WHP database uses caries and 

abscesses as dental markers of health. These two dental markers are described in detail 
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here. Tooth wear and tooth loss are also calculated for Lagoa Santa in this investigation, 

but because they are not compared to the WHP dataset, they are only briefly described.        

Dental caries 

 

Dental caries has been largely used in bioarchaeological studies. The importance 

of this indicator is due to its clear association with dental health. Dental caries is defined 

by Larsen (1997:65) as “a disease process characterized by focal demineralization of 

dental hard tissue by organic acids produced by bacterial fermentation of dietary 

carbohydrates, especially sugars.” In accordance with this definition, the main factor 

affecting caries is the content of carbohydrates in the diet, since it is the source of energy 

for oral bacteria fermentation. However, other potential contributors include morphology 

of tooth, lack of tooth wear, composition of dental plaque, amount of saliva, bacteria 

metabolism, eating frequency, mode of food preparation, food texture, systemic diseases, 

and oral hygiene, among others (Larsen 1997:65). In light of so many potential 

contributors to caries, how can we decide which one is the most important?   

Epidemiological studies in modern population support the idea that amount of 

carbohydrates is a crucial factor in caries expression. Longitudinal studies showing the 

relation between sugar and caries were undertaken at Vipelholm in Sweden (Gustafsson 

et al., 1954) and at Hopewood House in New South Wales, Australia (Harris, 1963). 

Another line of evidence comes from clinical recalls of dietary habits in children. These 

studies have shown a good correlation between eating frequency, food preparation, and 

caries rate. Specifically, clinical studies have emphasized the role of simple sugar to 
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dental decay. Historical data evaluating annual sugar consumption in different countries 

worldwide have shown high prevalence of caries in places with high consumption of 

sucrose. In addition, traditional populations that were exposed to modern diets containing 

high amount of sucrose have shown steep increases in caries. Some examples include 

Australian aborigines, Maoris, Eskimos, among others (Newbrun, 1982). Laboratory 

studies have also contributed to understanding causes of caries. These experiments 

confirmed the previous results of epidemiological experiments, namely, carbohydrates 

are an important determinant to caries prevalence. In addition to simple sugars, laboratory 

studies have shown the role of starches in caries expression. First, starches have impact 

on caries prevalence when submitted to heat process (e.g., boiling), causing gelatinization 

and molecule breakdown. Second, interaction of starch and simple sugars enhance the 

effect of each of these items separately (Lingstrom et al., 2000). In short, epidemiological 

and laboratory studies show that amount of carbohydrates (especially simple forms of 

sugars, but starches, too), consistency of food, mode of preparation (e.g., boiling), eating 

frequency and interaction of food items (mix of starches and simple sugars) are causes of 

caries.  

Skeletal studies also confirm the relation between caries and diet. Turner (1979) 

reviewed caries studies in skeleton collections and found a strong connection between 

agriculturalists and prevalence of caries. Foraging populations average 1.7% of caries 

prevalence, while farming ones average 8.6%. Larsen (1997), Steckel and colleagues 

(2002a), and Cohen and Crane-Kramer (2007) have found a trend of increasing caries 

from foraging to farming populations. High reliance on carbohydrates in agriculturalists 
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has been regarded as the main reason for this increase. Exceptions to this overall trend are 

also reported in the literature. Tayles and colleagues (2000) reported that domestication 

of rice in Asia did not have the same effect on caries prevalence that domestication of 

maize in Central and North America. On the other hand, nonagricultural foods have been 

linked to high caries prevalence in the Mesolithic period in Portugal (Lubell et al., 1994), 

in the archaic period in Texas (Bement, 1994), and coastal California (Walker and 

Erlandson, 1986). These exceptions, however, do not erase the growing trend of 

increasing carbohydrate consumption in agriculturalists (Larsen, 1997). Interestingly, 

Larsen (1983, 1997) and Lukacs and Thompson (2008) concluded that females 

systematically present a higher prevalence of caries in both clinical (using studies from 

“pre-fluoride era”) and archaeological populations. Lukacs and Largaespada (2006) and 

Lukacs (2008) argue that females differ from males greatly in biological demands of 

pregnancy. This difference causes a whole set of physiological alterations in the female 

body that might impact oral health. For example, saliva composition in females is altered 

during the pregnancy, decreasing its capacity to act against bacterial flora. In addition, 

pregnancy causes suppression of immune system activity, allowing bacterial infection in 

the mouth. As farming societies have actually higher fertility rates than foragers, higher 

prevalence of caries in farmers might be caused by their higher fertility (with females 

driving the averages of farmers up). On the other hand, no evidence shows that fertility 

actually influence prevalence of caries in prehistoric populations. Consequently, this 

dissertation considers carbohydrate content of the diet as the main cause of caries, 

regardless of the fertility rate.    
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This investigation uses prevalence of caries as an indicator of carbohydrate 

consumption. In addition, consistency, texture, combination, and preparation of food are 

considered important, even though this kind of information is not easily obtained in the 

archaeological record. When relevant, factors such as systemic diseases, dental 

morphology, tooth wear, and oral hygiene will be considered. However, this investigation 

assumes that diet is the chief factor explaining caries prevalence on a population level. 

Abscess 

 

Abscess prevalence is another important indicator of oral health. Abscesses are 

the result of accumulation of pus in the periodontal tissue around the tooth root. 

Subsequently, pus can be drained through the bone of the alveolus. In the dry bone, such 

drainage is called fistula, and it can be observed in the apical region of the teeth (Hillson, 

1996). A chronic stage can precede the formation of fistula, consisting of inflammation 

advancing through the root canal and apical foramen to the periodontal tissues. Later, the 

chronic process can develop in an acute inflammation, causing the release of pus in the 

mouth or nasal cavity (Dias and Tayles, 1997; Dias et al., 2007).  Inflammation of the 

alveolus can also originate from the subgengival region around the tooth crown, being 

called periodontitis when it causes destruction of the bone surrounding the tooth. Gram-

positive and gram-negative bacteria are responsible for the abscess inflammatory process, 

and the majority of them come from the oral flora of the affected individual (Dahlen, 

2002). As an infectious process, the immunological system of the individual plays an 

important role in the transition from chronic to acute inflammation. The primary cause of 
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a periapical abscess or a periodontitis can be related to caries, tooth wear, or localized 

trauma (Dias and Tayles, 1997). Although multiple factors are associated with the 

etiology of the disease, caries usually is assumed as the major cause of the lesion. Cohen 

and Crane-Kramer (2007), for example, observe an increase of abscesses and antemortem 

tooth loss (AMTL) in farmers compared to foragers. This increase follows the same 

pattern observed for caries prevalence. Larsen (1997) also notes an increase of 

periodontitis in agriculturalists. Indeed, comparative studies on a global scale point to a 

general decrease of oral health in agriculturalists. This investigation, therefore, considers 

diet as one of the main factors (although not the only one) to explain prevalence of 

abscesses in a past population, mostly related to carbohydrate intake and caries 

development. Other modifiers also considered to interpret the abscess prevalence are 

tooth wear, localized trauma and host resistance against infectious diseases. 

Tooth wear 

 

The final dental indicator analyzed here is tooth wear. Although it was not 

recorded in the WHP database, it is reported for Lagoa Santa in this study. Two main 

factors are associated with macroscopic tooth wear, namely, diet and extramasticatory 

activity. Consistency and preparation of food are important factors in dental abrasion. 

Grit in the diet is as important as food texture, because small grains in the diet can cause 

severe tooth abrasion. Larsen (1997) and Cohen Crane-Kramer (2007) review a large 

number of skeletal studies showing that hunter-gatherers usually have more severe tooth 

wear than agriculturalists. This trend is mostly explained by the degree of food 
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preparation. Ceramic, cooking techniques, domesticated plants, and plant processing 

work together to soften and eliminate particles of food ingested by farmers. Larsen 

(1997), however, observes a high degree of variation within subsistence strategies 

depending on the technology and environment where the population lives (e.g., a high 

degree of tooth wear occurred in the Nubian agriculturalists in a desert environment). 

Extra-masticatory activity is also an important factor related to tooth wear. Hinton 

(1981), for example, showed that foragers have higher tooth wear scores in anterior 

dentition relative to posterior dentition. The opposite pattern is observed in farmers. He 

explains these results suggesting that hunter-gatherers use the anterior dentition for 

extramasticatory activities (chewing hides or for food preparation). Technology 

improvement in later farmers can be correlated with decreasing use of teeth for 

extramasticatory activity. 

 In light of the dental indicators described above, this investigation 

hypothesizes that the hunter-gatherers of Lagoa Santa show the typical pattern of oral 

health of hunter-gatherers from the WHP database. This typical hunter-gatherer is 

expected to have low prevalence of caries, abscesses and tooth loss, and severe tooth 

wear. In contrast, the typical farmers are expected to have an opposite trend. The models 

of behavior interpretation outlined above are used to understand the causes leading to 

acceptance or rejection of the hypothesis. 

Activity (workload, mobility, and accidental injury) 
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 The level of activity is an important component of health in human 

populations. Studies of modern hunter-gatherers have profoundly impacted our view of 

past societies. Lee and DeVore (1968) provided evidence that living hunter-gatherers 

have a lower workload compared to agriculturalist societies. Bushmen people have been 

used as a model to infer level of activity in hunter-gatherers (Lee, 2003). However, if we 

take into account other foraging societies, there is a great amount of variability in their 

workload (Kelly, 1995). How can we study human activity in past societies? 

Degenerative joint diseases 

 

Osteoarthritis is discussed in this chapter since the WHP database uses this 

osteological indicator to infer past activity. Osteoarthritis is a multifactorial disease 

including age-progressive inflammation and degenerative processes at the articular 

surface areas of joints. As osteoarthritis does not always involve infection, a better term 

to describe the lesion is degenerative joint disease (DJD). Two kinds of joints are affected 

by DJD: amphiarthrodial and diarthrodial. The first one comprises the articulations of the 

vertebral bodies, which work as stabilizers. When this bone pathology is found in the 

vertebrae, they are called vertebral osteophytosis. In turn, the second kind of joint is more 

mobile including knee and elbow joints. Joint disease is called DJD in this work. Bone, 

synovial, and cartilage tissues are affected in DJD, although only the first one is actually 

observed in archaeological remains. DJD is a multifactorial disease, being caused by 

genetic predisposition, joint anatomy, body mass and size, mechanical loading, 

hormones, joint injury/trauma, and aging (Weiss and Jurmain, 2007). In turn, Larsen 
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(1997) reported evidence that “…the primary contributing factor to osteoarthritis is 

mechanical stress and physical activity (p.163)”. On the other hand, Jurmain and 

colleagues (2012) state that rarely are specific studies regarding the responsiveness of 

DJD to different intensities of activity (e.g. habitual or exceptional). Also, they state that, 

“There is no support to enable the simplistic assumption that OA [osteoarthritis] derives 

directly from habitual activity” (p.534). Spector and McGregor (2004), for example, 

report average heritability of 0.50 for osteoarthritis. As a cautionary note, however, 

studies with twins in modern settings tend to underestimate the environmental variability 

that effectively occurred in past populations. In addition, Waldron (2012) states that: 

“…movement is a sine qua non for the development of OA [osteoarthritis] although there 

are a number of other important precipitants” (p.519). Waldron is critical to the inference 

of specific activities using the pattern of osteoarthritis.  

The approach taken in this investigation is that mechanical stress is the major 

contributing factor in DJD prevalence, even though it is not the only one. Larsen (1997) 

recognized the multifactorial nature of this osteological marker. Nonetheless, numerous 

studies support the role of mechanical load as a crucial factor for DJD expression (e.g. 

Radin et al., 1991, McKeag, 1992). This study uses a mechanical model to interpret 

behavior from DJD prevalence. Activity is understood in this study as a general use of 

joints, which can range from habitual use to intense and sporadic activity. 

 Studies of DJD in archaeological contexts have produced mixed results in 

terms of global trends. Bridges (1991) and Larsen (2000) report a decline of DJD from 

foragers to pre-contact agriculturalists, respectively, in northwestern Alabama and the 
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Georgia Bight in North America. Cohen and Crane-Kramer (2007), on the other hand, 

observe a general trend of increasing osteoarthritis over time in a worldwide sample. 

Likewise, Larsen (1997) observes an increase of osteoarthritis over time in Europe 

(Meiklejohn et al., 1984) and South Asia (Keneddy, 1984), even though he recognizes 

the great variability in DJD around the world. Under the mechanical stress model, hunter-

gatherers with intense foraging activity are expected to have high prevalence of DJD. At 

the same time, intensive agriculturalists are also expected to have high degree of DJD due 

to repetitive movement and increase levels of workload. As a working hypothesis, we 

establish the null hypothesis that hunter-gatherers show a higher prevalence of DJD than 

agriculturalists. In this sense, Lagoa Santa would show a higher prevalence, closer to 

foraging populations. This hypothesis is based on Larsen’s (1997) general conclusions 

based on detailed studies from archaeological populations in North America. 

Furthermore, general activity seems to have decreased in the other activity markers (see 

below). However, it is important to highlight that DJD prevalence is highly variable 

within subsistence strategy, showing in some studies the opposite trend as the one 

hypothesized here (e.g. Cohen and Crane-Kramer, 2007).   

Femur robusticity 

 

This osteological marker consists of the external measurement of the midshaft 

femur. Connection between this marker and activity is based on three decades of research 

on bone cross-sectional geometry. Ruff (1992, 2008) uses engineering principles to 

interpret shape of human bones. In a nutshell, the closer the cortical bone is to the midline 
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of the shaft, the more weight the bone is able to bear. Nonetheless, cross-section 

geometry analysis has been criticized for not obtaining support from animal experiments 

with sheep. Also, bone plasticity seems to be age-dependent, being much greater during 

growth and development (Pearson and Lieberman, 2004). Ruff and colleagues (2006a), 

however, review a series of studies with rats, non-human primates, and athletes showing 

support for the mechanical loading model for cross-section analysis.  

From a methodological perspective, cross-section geometry analysis requires 

images of the bone endosteal surface to obtain cortical bone area. These images can be 

obtained using CT scans or radiography (Stock, 2002). In order to apply a simpler and 

fast method to access bone robusticity, WHP applied external measurements of the femur 

midshaft as an approximation to cross-section geometry. Wescott (2006) applied these 

external measurements to six populations with different degrees of mobility, inferred by 

archaeological information. He did not find a correlation between mobility and external 

robusticity of femur, even though sexual dimorphism seems to be greater in more mobile 

populations. Stock and Shaw (2007) show that periosteal contour mold is a better method 

for estimating cross-section properties. Nonetheless, they showed that simple two-axis 

external measurements also provided a moderate correlation with cross-sectional 

geometry.  

 Femur robusticity corrected by femur length or body mass is used in this study 

as an indicator of mobility patterns. In accordance with the literature, living hunter-

gatherers are in general more mobile than agriculturalists, although a considerable 

variation exists (Kelly, 1995). Bioarchaeological studies also corroborate this trend, as 
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can be seen in the case of decreasing mobility after introduction of domesticates in 

Georgia Bight in the American Southeast (Larsen, 2000). Terrain geography also seems 

to be an important factor for explaining femur robusticity (Ruff, 1999). In this study, we 

consider mobility as a proxy to lower limb activity, implying not only the linear distance 

crossed everyday but also the amount of force applied to the lower limb. Walking on 

steep terrain applies more force to the femur than walking on smooth terrain. The terrain 

geography of Lagoa Santa is a mix of flat plains, slight slopes, and acute limestone 

outcrops, being very speculative to make any prediction regarding specific demands on 

lower limb based exclusively on geography (see Chapter 4). For this reason, as a null 

hypothesis, we expect that hunter-gatherers of Lagoa Santa a have relatively high degree 

of mobility as a typical hunter-gatherer society.  

Accidental injury 

 

The prevalence of trauma is direct evidence of the nature of the contact between 

humans and environment. Geography of the terrain can be associated with falls and 

fractures (e.g., Judd, 2006). For instance, Colles’ fracture is a specific type of fracture in 

the distal radius related to an attempt to break a fall. Lower limb fractures are also typical 

of accidental traumas in rough terrains. Other geographical factors such as slippery 

surfaces and amount of daylight hours may contribute to high prevalence of fractures. 

The contextual information is very important for interpreting traumatic lesions, including 

the interpretation of multiple traumas, size, and shape of the lesion and eventual 

identification of recurrent traumas in a population (Lovell, 2008). From a global 
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perspective, Larsen (1997) suggests that foragers are more susceptible to traumas than 

farmers due to closer interaction with the natural environment. Nonetheless, his review 

revealed variability within modes of subsistence depending on the daily activities and 

local ecology and geography. Cohen and Crane-Kramer (2007) evaluated trauma 

prevalence without the distinction between accidental trauma and interpersonal violence. 

They conclude that there is no clear pattern over time in this osteological indicator.  

Although there is no clear cutpoint that separates prevalence of trauma in hunter-

gatherers and agriculturalists, this investigation assumes that accidental trauma is more 

prevalent in more active and mobile hunter-gatherers than in sedentary agriculturalists. 

For this reason, this study hypothesizes that Lagoa Santa has a high prevalence of trauma 

similar to typical hunter-gatherer populations. The factors used to explain variation 

within subsistence strategies are geographic, ecological, and cultural practices specific to 

the population studied. Due to the lack of detailed contextual information of the WHP 

database, we make the simplistic assumption that postcranial trauma represents largely 

accidental injury, while cranial fractures represent injury due to interpersonal violence 

(Walker, 1997).         

Infectious disease 
 

 Skeletal infections are “…osseous plaques with demarcated margins or 

irregular elevations of bone surface” (Larsen, 1997:83). Skeletal lesions can be the result 

of periostitis or osteomyelitis. The first one is the result of bone growth of the 

subperiosteum, while the second results from an inflammation of the medullar cavity. 
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The vast majority of the osteomyelitis infections (80% to 90%) are caused by 

Staphylococcus aureus (Ortner, 2003). Bone infectious lesions are inflammatory 

responses to bacterial invasion. However, localized trauma also can stimulate the same 

bone growth. The majority of bone lesions are not positively diagnosed in archaeological 

material, being grouped under the name of nonspecific infection. Some of the diseases 

have a systemic pattern, while other lesions are localized in a single bone. When the 

lesion is systemic, it is possible to identify a pattern of affection that can be compared to 

clinical cases. In these cases, diseases such as treponematosis can be recognized in the 

archaeological record (Powell and Cook, 2005). Some authors have raised questions as to 

the interpretation of bone lesions as pathogenic lesions. Powell and Cook (2005) observe 

that clinical studies point to multiple causes for periosteal elevation. Greenfield (1975), 

for instance, relate periosteal elevation to 27 pathological lesions, including trauma, 

metabolic disorders, infectious diseases, disorders of the immune system, among others. 

The multifactorial cause of periostitis has led some researchers to use the term periosteal 

elevation as the best description for this lesion (Weston, 2012). Cook (2007) stresses that 

periosteal elevations are multifactorial and are “a mixed bag that conflates many 

conditions (p.16)”.  

Larsen (1997) recognized the multifactorial aspect of periostitis; however, he 

stressed that infection is the main cause of these lesions. In fact, there is a consistent trend 

of increasing periosteal lesions in the transition from foraging to farming (Cohen and 

Crane-Kramer, 2007). Many reasons are proposed to explain this trend. With the 

introduction of agriculture, the size and density of the settlements increased, leading more 
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people to share the same space. Along with increasing population density, trade and 

extensive social networks would have caused the introduction of new pathogens. In 

addition, low sanitary conditions of crowded places are very propitious to infection 

proliferation (Lallo et al., 1978). Close contact between humans and domesticated 

animals is also a potential source of new diseases (Wolfe et al., 2007). Moreover, 

infectious diseases are a consequence of the immune system of their hosts. Individuals 

with low immunity will develop more bone infections than healthier individuals. The 

synergism between diet and infections is another dimension of periosteal lesions. The 

quality of diet and the individual general health influence and are influenced by 

infections. In short, a wide range of complex factors are involved in the prevalence of 

infections in past populations. 

Despite the complexity shown above, studies of past populations show a clear 

association between periosteal lesions and demographic factors. Increasing of population 

density seems to be associated with high rates of nonspecific infections (Cohen, 1989; 

Larsen, 1997; Cohen and Crane-Kramer, 2007). This investigation recognizes the 

complexity and multifactorial etiology of bone lesions, but it assumes that infections are 

the main cause of these lesions. In the words of Cohen and Crane-Kramer (2007:341) 

“…there is a strong argument to suggest that periostitis does, in fact, most often represent 

infection. Its frequency commonly corresponds with sedentism and group size as 

expected of an infection, whereas the pattern is harder to explain if other etiologies are 

assumed.” Ethnographic and bioarchaeological data are the main support for the 

statement above (Cohen, 1989).  
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In this investigation, Lagoa Santa is expected to show low prevalence of infection 

as expected for a typical hunter-gatherer population. Foragers are expected to have low 

population density, high mobility, good sanitation, better diet quality and consequently 

low infections. This pattern is different for agricultural societies that in general show high 

population density. Other modifiers of infection prevalence are geographical and 

ecological factors, such as humidity and temperature. More bacteria tend to proliferate in 

tropical regions with abundant water sources. These parameters are also used to interpret 

infections prevalence.      

Systemic stress in growth and development  
 

 Studies using skeletal and dental indicators of stress began in the 1970s and 

1980s (Buikstra and Cook, 1980, Goodman et al., 1984). Bones and teeth are able to 

record stress events occurring during growth and development. In this investigation, three 

stress indicators are utilized due to their presence in the WHP database. 

Linear enamel hypoplasia 

 

Dental growth and development is susceptible to environmental stressors causing 

disruption of tissue formation. The most common manifestation of these stressors is 

referred to as linear enamel hypoplasias (LEH). Formation of teeth is highly controlled 

genetically, following a successive pattern of stages of maturation (bud, cap, bell, and 

crown stage; Ten Cate et al., 2003). Secretion of enamel is of special importance here 

because LEH incidents are the result of disruption of cells responsible for secreting 
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enamel. Amelogenesis is the name of the process of secretion of enamel matrix by the 

ameloblasts. These cells are responsible for secreting the organic and inorganic matrix 

during the secretory stage. In spatial terms, these cells secrete enamel from the cusp to 

the cervix of the tooth crown in successive layers (Hillson, 1996). They initiate the 

production of enamel from the cement-enamel junction to the external surface of the 

tooth, secreting the matrix in daily cycles. These cycles are called cross-striations. 

Regular stops of enamel secretion form what we call striae of Retzius (these stops range 

from 6 to 12 days in humans; Guatelli-Steinberg, 2008), which can be observed on a 

microscopic scale. These striae are visualized macroscopically in the lateral 

(imbricational) surface of the enamel, being named perikymata. When physiological 

stress occurs during tooth development, ameloblasts stop matrix production. These 

interruptions can be seen on the surface of the tooth as LEH, for the perikymata are more 

widely spaced than normal (Hillson and Bond, 1997). 

 Enamel hypoplasias have been studied since the beginning of the 20
th

 century 

with studies focusing on enamel quality and caries. The first systematic attempt to link 

enamel defects to episodes of disease was done by Sarnat and Schour (1941), who found 

that many enamel defects could be attributed to specific episodes of disease. During the 

1960s and 1970s, paleoepidemiological studies began to use LEH more frequently, since 

hypoplasia became accepted as a population indicator of stress. Animal experiments and 

studies with living populations confirmed the link between stress and dental defects. 

However, specificity of these stress events was hard to detect. Since the 1980s, enamel 

defects have been established as a systemic and non-specific indicator of stress 
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(Goodman et al., 1984; Goodman and Rose, 1990). Bioarchaeological studies have 

shown a connection between an increase of LEH prevalence and transition to farming 

subsistence (Larsen, 1997; Cohen and Crane-Kramer, 2007). As a nonspecific indicator 

of stress, an increase in LEH prevalence can be related to poor diet and infectious 

diseases, since both factors occur in agriculturalists. Despite the fact LEH formations 

occur between the ages of 1 and 7 in the anterior teeth (Reid and Dean, 2006), a 

connection between LEH and early mortality shows that stressors during childhood have 

consequences to adult mortality. In fact, individuals with more LEH have a lower life 

expectancy (Armelagos et al., 2009).  

 Overall, then, agriculturalists generally experience more stress than foragers 

(Larsen, 1997, Cohen and Crane-Kramer, 2007). Hence, being a typical hunter-gatherer 

society, we expect that Lagoa Santa would show fewer LEH than agriculturalists. As a 

cautionary note, we should keep in mind that there is large variation in LEH prevalence 

within subsistence strategies (Kelly, 1995; Larsen, 1997). 

Cribra orbitalia and porotic hyperostosis 

 

Porotic hyperostosis consists of the accentuated growth of outer cranial table 

(hyperostosis of the diploe) forming small holes on its external surface. A similar lesion 

is the thickening of the orbital roof, named cribra orbitalia. Using radiography, clinical 

reports, and paleopathology data, Stuart Macadam (1989) concluded that the lesions in 

the orbit and cranial table are manifestation of the same disease. Porotic hyperostosis has 

been accepted as a manifestation of iron-deprived anemia (Stuart-Macadam, 1987). 
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Reasons for the presence of this lesion in skeletons from archaeological contexts have 

been debated. The first studies explained porotic hyperostosis as the result of genetic 

factors associated with hemoglobin related diseases. These studies were done in Europe 

and Africa where sickle cells confer protection against Plasmodium falciparum, which 

causes malaria. The heterozygosity of the gene that expresses the hemoglobin was 

favored by natural selection in these regions, yet it can cause negative effects such as 

anemia in homozygous individuals (Angel, 1966, Huss-Ashmore et al. 1982; Inhorn and 

Brown, 1990). Nonetheless, the genetic explanation to porotic hyperostosis does not 

elucidate the global distribution of the lesion (including Australia and America; Larsen, 

1997; Goodman and Martin, 2002). 

The first non-genetic model to explain the cause of iron deficiency was proposed 

by Carlson and colleagues (1974) and El-Najjar and colleagues (1976). Known as the 

maize-dependence hypothesis (iron deficiency theory), this model explains the 

occurrence of lesions by the low amount of iron present in the maize. In addition to this 

low availability, maize contain phytic acid, which decreases the absorption of iron in the 

gut (Holland and O'Brien, 1997). However, despite progress in identifying the connection 

of maize and porotic hyperostosis, it has become clear that diet is not the only factor 

involved (Kent, 1986; Walker, 1986, Stuart-Macadam and Kent, 1992). An intricate 

network of factors such as water quality, hygiene, infections, diarrhea, parasites, access to 

resources, ways of preparing food, feeding time, among others can influence the amount 

of iron in the body (Holland and O'Brien 1997; Goodman and Martin, 2002). Adding 

another element of complexity to this discussion, Wapler and colleagues (2004) 
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undertook a histological study of Nubian skeletons diagnosed morphologically with 

cribra orbitalia. More than half of these skeletons did not suffer from cribra orbitalia but 

instead from general infections or taphonomic marks. The consensus on the etiology of 

the lesion has been challenged. Walker and colleagues (2009) defended anemia as the 

cause of porotic hyperostosis, but they questioned the iron deficiency theory. For them, a 

lack of vitamin B12 is the true factor causing the lesion. In fact, low intake of iron could 

not explain the lesion, since a considerable amount of iron is necessary to cause cranial 

marrow expansion. Alternatively, Cohen (2007:7) observes that porotic hyperostosis 

might be caused by scurvy. In fact, the etiology of porotic hyperostosis remains 

controversial.    

The highest prevalence of porotic hyperostosis occurs in the first years of life due 

to the small size of the child bone marrow space (Stuart-Macadam, 1985). Children have 

iron stores until six months old, after this period they require iron in their diet. Infections 

and stress due to weaning food are common in this age range, making children the main 

target of anemia (Ryan, 1997). Women also have a high prevalence of anemia, which is 

related to the high costs of pregnancy and menstruation (Holland and O'Brien, 1997). 

Although the cause of porotic hyperostosis has been hotly debated, there is a consensus 

that these lesions are mainly formed during growth and development. Bioarchaeological 

studies point to a higher prevalence of the lesion in farmers than in foragers, although 

there is considerable variation (Larsen, 1997). Cohen and Crane-Kramer (2007) point out 

the same trend of increasing porotic hyperostosis through time. However, they do not 

find a clear trend in cribra orbitalia. Association between porotic hyperostosis and 
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farmers is likely linked to the combination of poor diet and higher infectious diseases in 

farming societies. 

In light of this brief review, this investigation expects low prevalence of porotic 

hyperostosis and cribra orbitalia in Lagoa Santa as should be expected for a typical 

hunter-gatherer population. The interpretative model adopted here for this osteological 

indicator does not assume a single etiology. Instead, poor diet, infections, and parasitism 

are believed to act in concert to produce the cranial lesions. In this sense, porotic 

hyperostosis is considered as a general stress indicator. 

Stature 

 

Final height of an individual depends on both genetic and environmental factors. 

Genetic factors are important, as can be seen in the East Asian populations that under 

good nutrition still show lower stature than modern North Americans (Tanner et al., 

1982). Otherwise, latitude seems to not explain the differences of stature worldwide 

(Ruff, 1994). In fact, individuals can only achieve their full biological potential if they 

enjoy adequate living conditions (Steckel, 1995; Bogin, 1999). Studies with historical 

populations show a secular trend of increase of stature in European populations (Boldsen, 

1995). Jantz and Jantz (1999) also shows secular trend in the proportion of long bones, 

explaining these changes by improvements in nutrition and health over time. Stature is 

known as a nonspecific marker of stress, because innumerous environmental factors 

affect final height. Poor nutrition and high rate of infections, for example, prevent the 

genetic potential to be reached (Larsen, 1997). Use of stature as a stress indicator can be 
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criticized for ignoring genetic influence on final stature. However, in the words of Cohen 

and Crane-Kramer (2007:342) “[stature and tooth size] are plastic, not genetic variables. 

The most likely explanation of decline in the size of either is probably declining nutrition, 

particularly declining maternal nutrition, during fetal and early childhood growth. The 

size of both stature and teeth has often changed too fast in prehistory to reflect genetic 

evolution, and both have increased very rapidly in many places in the last century with 

improvements in health and nutrition.” Although genetic components are important in 

stature, within the time span of Holocene, it seems that the significant changes in stature 

are related to changes in diet and nutrition.  

Bioarchaeological studies have shown a consistent pattern of stature decline over 

time (Cohen and Armelagos, 1984; Larsen, 1997; Cohen and Crane-Kramer, 2007). 

Explanation for this decrease is the increase of infectious disease and poor nutrition 

associated with more recent farming societies. In accordance with these conclusions, this 

investigation hypothesizes that Lagoa Santa shows higher stature as a typical hunter-

gatherer population in contrast to shorter farmers. In this study, the amount of stress 

during growth and development is considered the most important factor affecting final 

height of the individuals.        

Interpersonal violence and warfare 
 

 Human aggression is one of the universals in human nature, being present in 

all societies in the form of interpersonal violence and warfare (Wrangham and Peterson, 

1996; Walker, 2001). The central factor to explain increasing of interpersonal violence 
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and warfare has been population density. Larsen (1997) states that “…high density 

population and social inequalities that serve to promote violence” (p.155). On the other 

hand, there is the possibility that increasing political centralization can control violent 

actions. In fact, the myth of a pacifistic past has been debunked by Walker (2001), 

showing widespread cases of violence in past societies. In North America, for example, 

even early Holocene populations seem to show signs of violence such as the cases of 

Kennewick man (Chatters, 2000) and a skeleton from Florida (Dickel et al., 1988). High 

population density seems to be associated with more social conflict and less control on 

domestic violence. Walker (2001) did not find any single case of child abuse in past 

societies, contrasting to innumerous cases in modern societies.  Highly lethal weapons 

found in complex societies have an impact on levels of violent deaths. Large-scale 

warfare is more likely to occur in complex societies. 

Environmental explanation is also raised as a factor to explain variation in 

prevalence of traumas in past societies. Undertaking a cross-cultural study, Ember and 

Ember (1992) proposes that environmental unpredictability is the most important factor 

to explain warfare. Societies would go to the war to accumulate resources in times of 

environmental oscillation. Lekson (2002) finds support for this model using 

paleoenvironmental and archaeological data from the American Southwest.  

This study takes a more multifactorial and holistic approach to explain 

interpersonal violence and warfare. In the long term, social conflict, population density, 

cultural factors and environmental variation seem to interact to produce a prevalence of 

trauma. Bioarchaeological studies from a worldwide perspective show a mixed trend in 
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terms of prevalence of trauma over time. No clear distinction is detected between the 

prevalence of traumas in foragers and farmers (Larsen, 1997; Cohen and Crane-Kramer, 

2007). This mixed pattern can be related to the difficulties in separating traumas caused 

by accidental injuries and by interpersonal violence. As an analytical simplification, 

traumas to the skull are considered in this study as caused by interpersonal violence, 

while injuries in the postcranium as accidental traumas. This separation is based on 

research in modern society showing that the main target of violent encounters is the head 

(Walker, 1997). If we consider high population density as the main cause of violence, it 

would be expected that hunter-gatherer populations have less interpersonal violence than 

farming ones. As a null hypothesis, we expect that Lagoa Santa shows less interpersonal 

violence being that it is a typical hunter-gatherer population. This expectation is based on 

population density as the major factor in interpersonal violence and warfare. Other 

factors such as general health, environmental predictability, resource availability, 

technology, and ritual battles are also considered as modifiers of trauma prevalence 

(Walker, 2001).  

Temporal variation in health 
 

 Alternatively to the dichotomy foraging/farming societies, temporal elements 

can be used as a source of hypothesis formulation. Steckel and colleagues (2002a) show 

that general health indexes decline over time in populations across the Americas. In other 

words, owing to low population density and a diverse hunter-gatherer diet, the first 

American societies are expected to be the healthiest prehistoric populations of the 
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Western Hemisphere. Unfortunately, the majority of the populations from the WHP 

database are concentrated in the last 4000 years, precluding any real test of the previous 

statement. However, as a provisory conclusion, Steckel and Rose (2002b:578) formulate 

their hypothesis as follows: “…health was on a downward trajectory long before 

Columbus arrived. The healthiest Native Americans were those who lived several 

millennia ago.” In the same paragraph they add: “The earliest American lived in small 

bands, organized their lives in simple hunter-gatherer societies, and allocated (or wasted) 

no resources in building lasting monuments. Their diet was sufficiently rich and varied 

that they largely avoided the symptoms of childhood deprivation – stunting, hypoplasias, 

and anemia. They lived with few material goods, their isolation protected from infectious 

diseases, and their mobility prevented the accumulation of waste that harbored germs and 

parasites. Life was physically arduous for most adults; chronic diseases such as arthritis, 

skeletal infections, and dental deterioration eventually took a significant toll, and few 

individuals survived past age 50.” This paragraph synthesizes the central hypothesis to be 

tested in this work. That is, Lagoa Santa as a typical hunter-gatherer population is 

expected to have less systemic stress, better oral health, fewer infections and less 

violence than agriculturalists but more intense physical activity and high mobility. If we 

find a deviation of this pattern we would expect that Lagoa Santa would be even further 

from agricultural societies, since we are dealing with an early Holocene population. In 

fact, Lagoa Santa is older than all populations represented in the WHP database. In this 

sense, we expect that Lagoa Santa is a typical hunter-gatherer society with eventual 
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deviation towards the opposite direction of agricultural societies from the Western 

Hemisphere. 

Summary 
 

This chapter outlines the historical and theoretical context of the field of 

bioarchaeology. The new physical anthropology was an important contribution for the 

consolidation of population approaches using the scientific method. Studies of 

osteological indicators of health and lifestyle began in the 1970s and 1980s adopting the 

concept of biocultural adaptation. With the accumulation of regional studies across the 

globe, a comparative bioarchaeology was developed seeking for global patterns of change 

in health and lifestyle. A consensus emerged that farmer’s skeletons have more indicators 

of stress than forager’s skeletons. The Western Hemisphere project database is the most 

prominent effort to compare populations across the Americas using similar methodology. 

In this chapter, five aspects of health and lifestyle are described focusing on the skeletal 

signs associated to them. The main assumption of this work is that skeletons record 

environmental and cultural factors acting during individual lifespan. This bone plasticity 

is supported by a vast body of research. Finally, studies investigating temporal variation 

in health and lifestyle predict that the first inhabitants of the New World should have 

better health but intense physical activity and high mobility.         
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Chapter 5 : Materials and methods 
 

This chapter provides a description of the museum collection of Lagoa Santa. 

Since the skeletons are housed in different institutions, a detailed description is provided 

regarding the system adopted for each museum. In the case of the Museu de Historia 

Natural da Universidade Federal de Minas Gerais (MHN-UFMG), two different 

collections exist: Harold Walter and Santana do Riacho. These collections are described 

separately. Each museum collection is described considering their main organization 

system, the radiocarbon dates on bone and teeth and the final early Holocene sample size 

included in this investigation. A detailed discussion of the radiocarbon ages is necessary, 

since this is the main criterion to include skeletons in the final sample. In sequence, this 

chapter describes the methods adopted in this study. The comparative sample of the 

Western Hemisphere Project is characterized spatially and temporally. Subsequently, 

methods of age and sex estimation and statistical analysis are described. In addition, 

general methodology and inter-observer error are considered in this chapter. Finally, the 

methods of skeletal analysis are described for each of the health and lifestyle markers: 

oral health and diet dental markers (caries, abscesses, tooth wear, and antemoretem tooth 

loss), degenerative joint diseases, mobility, trauma, infections, stature, linear enamel 

hypoplasia, porotic hyperostosis and cribra orbitalia.            
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Museum collections 
 

Museu Nacional do Rio de Janeiro (MNRJ) 
 

The MNRJ collection is organized using sequential identification numbers 

(locally called tombo). The skeletal remains were accessed using the museum catalogue, 

which is a catalogue with the description of archaeological provenience and anatomical 

parts contained in each identification number. In terms of organization, low identification 

numbers represent skeletons included first in the collection. This organization does not 

mean necessarily that lower numbers were excavated earlier, since some materials were 

donated to the MNRJ from private collections after many years of their excavation. In 

general, human remains from the same archaeological site group together in terms of 

identification numbers. The site of Cerca Grande, for example, comprises the 1316 to 

1401 sequence. Interestingly, the numbers do not follow the same organization. The 

sequence of numbers from the site of Lapa Mortuaria, for example, is sometimes grouped 

together per anatomical part such as in the temporal bones (889, 890, 897) and mandibles 

(877, 881), while in other cases they are grouped by individual (838 to 847 and 918, 919, 

921, 922, 923, 925 for two individuals). In fact the majority of the identification numbers 

are organized per anatomical parts, even though there are some exceptions. This varied 

organization seems to be due to historical factors related to the accuracy of the excavation 

and the way this material was included in the collection. The strategy chosen to deal with 

this system was reconstructing individuals using anatomical and archaeological evidence, 

and assigning bones without a secure association with entire skeletons as isolated.  
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 The collection of Cerca Grande, excavated under the direction of Wesley Hurt, 

was organized in the MNRJ in cluster of bones and not in groups of similar anatomical 

parts. In this sense, this organization reflects cluster of bones found in the excavation. In 

addition, for this site, each number includes the archaeological provenience. This 

archaeological label contains site, shelter, square, level, burial, and skeleton 

identification. Although this archaeological information seems to solve any problem for 

individual reconstruction of skeletons, each number rarely corresponds to one complete 

individual. Usually, numbers contain just a few anatomical parts. Moreover, similar 

archaeological labels are found in more than one number, which are in many occasions in 

no sequential order (e.g., 1324 and 1400 belong to the same skeleton). The procedure 

adopted for individual reconstruction was spreading clusters of bone with similar 

archaeological labels on a table. Then, attempts were made to refit the bone fragments 

and to match symmetrical bones. Taphonomic and anatomical characteristics of the bones 

were considered in order to reconstruct individuals. The refitting was not fully completed 

due to time restrictions, but all the numbers were examined at some degree. At the end of 

the procedure, seven groups of numbers were identified as distinct individuals. These 

individual skeletons were highly fragmentary, but at least it was possible in some cases to 

estimate sex and age. Criteria of association of these seven individuals are described in 

detail in the Appendix D.  

 Two skeletons from Lapa das Boleiras and three from Lapa Mortuaria were 

assembled in the individual reconstruction (Appendix D). These associations were 

important in the case of Lapa Mortuaria remains since identification numbers with early 
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Holocene radiocarbon dates were connected with their remaining skeleton. On the other 

hand, the majority of Lapa Mortuaria remains were not reconstructed as individual 

skeletons. The remains of Lapa de Carrancas, Lapa de Limeira, and Lapa da Amoreira 

were not separated by individual skeleton. In these cases, each bone was identified as an 

isolated fragment. In some cases, the number consisted of a single skull, which was 

analyzed as a separate unit. In other cases, group of bones within the same identification 

number had anatomical correspondence, being analyzed as a unit as well (e.g., 823). 

Some identification numbers from the Lapa Mortuaria site were a cluster of the same 

anatomical part from different individuals. In these cases, in order to organize the record 

from different sources (pictures, notebook description, excel files), I assigned an arbitrary 

letter after the identification number for these specimens. The 881, for example, includes 

11 mandible fragments, which were differentiated in my record using the letters “a” 

through “k” (e.g., 881g). These letters are not related to any letter mark found on the 

bones. Lastly, in cluster of bones in which I reconstructed single individuals, it was 

occasionally found intrusive bones not belonging to the reconstructed skeletons. These 

fragments were treated separately as isolated bones and they were not associated with the 

sex and age inferred for the reconstructed individual. 

 In summary, the collection of MNRJ is mainly composed of cluster of bones 

with no separation by individual. Based on archaeological and anatomical reconstruction, 

a small part of those bones was assembled in individual skeletons. The remaining of the 

collection was treated as isolated bones. 
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Radiocarbon dates 14 

 

Lab 
number 
(BETA) 

Site 
Collectio
n Code 

Material 
Conventional 
age (years BP) 

Calibrated age 
(years BP) 

12C/13
C o/oo 

161666 Cerca Grande 6 MN - 1329 bone 8230 ± 50 
9400 to 9340 or 

9320 to 9030 
-28.0 

161668 Cerca Grande 6 MN - 1369 bone 8240 ± 40 
9400 to 9360 or 

9310 to 9050 
-25.7 

84443 Cerca Grande 6B MN - 1363 charcoal 1280 ± 50 
  

84446 Cerca Grande 6B MN - 1365 charcoal 1100 ± 50 
  

84446 Cerca Grande 7 MN - 1384 charcoal 9130 ± 30 
  

161657 Lapa da Amoreira MN - 815 bone 7070 ± 40 7960 to 7800 
 

205340 Lapa da Amoreira MN - 821 bone 8140 ± 40 
9220 to 9180 or 

9140 to 9010 
-18.9 

155658 Lapa de Boleiras MN - 1389 bone 8420 ± 100 9180 to 9140 -17.9 

155659 Lapa de Boleiras MN - 1390 bone 8300 ± 50 9460 to 9130 -20.8 

161656 Lapa de Carrancas MN - 627 bone 7970 ± 40 9000 to 8640 -21.8 

155657 Lapa do Caetano MN - 856 bone 2200 ± 50 2340 to 2060 -21.8 

161660 Lapa do Caetano MN - 865 bone 1760 ± 40 1800 to 1560 
 

174682 Lapa do Caetano MN - 892 bone 2290 ± 60 2370 to 2150 -19.9 

161658 Lapa Mortuária MN - 834 bone 8810 ± 50 10140 to 9680 -18.6 

161659 Lapa Mortuária MN - 847 bone 7190 ± 50 
8110 to 8090  or 

8060 to 7940 
-19.1 

161661 Lapa Mortuária MN - 902 bone 1700 ± 40 1830 to 1610 -19.2 

161662 Lapa Mortuária MN - 923 bone 8290 ± 40 9450 to 9120 -19.2 

161663 Lapa Mortuária MN - 928 bone 8350 ± 40 9480 to 9270 -19.4 

161664 Lapa Mortuária MN - 932 bone 1680 ± 40 1810 to 1570 -19.3 

161665 Lapa Mortuária MN - 933 bone 1880 ± 40 2000 to 1840 -19.8 

84439 Lapa Vermelha IV 
MN-1959 

(Luzia) 
bone 9330 ± 60* 

 
-24.9 

* minimum date/bone organics 

Table 5.1: Radiocarbon dates of human remains and charcoal from the Lagoa Santa 

collection of the Museu Nacional do Rio de Janeiro. 

 

                                                 
14

 Radiocarbon dates were assembled through personal communication with Walter Neves and his students 

Alex Hubbe and Andre Strauss. These dates were partially reported in Neves and colleagues (2008, 

supplementary table) and in Strauss (2010). 
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There are six archaeological sites with direct radiocarbon dates on bone (Table 

5.1): Cerca Grande 6, Lapa Mortuaria, Lapa de Carrancas, Lapa da Amoreira, Lapa 

Vermelha IV, and Lapa do Caetano. Lapa da Limeira and Lapa D’Agua, unfortunately, 

have no direct date on bone. These two archaeological sites were excluded from the early 

Holocene sample analyzed in this study.  

Skeletons from Cerca Grande 6 have two dates between 8,500-8,000 yr. BP, 

characterizing these skeletons as from the early Holocene period. Although the 

rockshelters 2, 5, and 7 have provided no direct date on bone, we extrapolate the dates of 

the shelter 6 to the other sites of the same archaeological complex. Charcoal associated 

with the burials were obtained for the burial 1 of the shelter 7 (Neves et al., 2004b) and 

for the bones found at the shelter 6 area B. In fact, the charcoal dates resulted in both 

recent and ancient dates. However, single charcoal found associated with the burials can 

be the result of vertical movement caused by bioturbation, potentially leading to incorrect 

dates. This investigation prefers to be conservative regarding charcoal obtained from 

museums without an appropriate description of its archaeological origin. In this sense, the 

interpretation of Neves and collaborators (2004b) that the burials from Cerca Grande 

complex are early Holocene period in context is agreed. However, we should be careful 

since it is based on only two direct dates. More direct dates on bone must be obtained to 

confirm this preliminary conclusion.  

The site of Lapa Mortuaria provided seven direct dates on bone, among them four 

dates were from early Holocene (834, 847, 923, 928) and three dates were from late 
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Holocene (902, 932, 933). These dates turned Lapa Mortuaria into a problematic site in 

terms of chronology, since no stratigraphic control was carried out in the excavation of 

this site during the 1920s. In fact, the direct dates showed two separated groups of burials 

at Lapa Morturia: early and late Holocene. Interestingly, the bones associated with the 

samples dated to late Holocene showed rodent marks on their surface. These marks are 

not found in the bones associated with samples dated to the early Holocene. These rodent 

marks might be consequence of soil erosion leading to the exposition of the superficial 

layer of burials. This hypothesis must be further investigated in future work. In this study, 

a conservative approach was taken. Only the bones directly associated with dates to early 

Holocene were included in this investigation. As described in the Appendix D, individual 

skeletons were reconstructed from bones of different identification numbers, using 

anatomical and taphonomic similarities. Number 833 was associated with 834; 838 was 

associated with 839 to 847; and 918 was associated with 919, 921, 923 and 925. The 

early Holocene dates of these individuals range from ca. 9,000 to 7,000 yr. BP.  

The archaeological sites of Lapa de Carrancas and Lapa da Amoreira provided 

one and two direct dates, respectively, to the early Holocene period. Both sites were 

included in the sample of this investigation. Lapa de Carrancas is dated to between 8,000 

and 7,500 yr. BP, and Lapa da Amoreira is dated to between 8,500 and 7,000 yr. BP. 

Finally, Lapa Vermelha IV human remains consist of one of the oldest skeletons found in 

the New World, Luzia (1959). This skeleton is stratigraphicaly dated to between 11,500 

and 11,000 yr. BP (Neves et al., 1999, Feathers et al., 2010). A direct date on bone from 

this skeleton resulted in an early Holocene date. However, due to lack of proper 
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preservation of collagen, this date is considered a minimum date. This investigation 

regards the stratigraphic date of this skeleton as correct, considering it a late Pleistocene 

context. Accordingly, as only early Holocene skeletons are analyzed here, Luzia was not 

included in this study. The archaeological site of Lapa do Caetano provided three 

radiocarbon dates on bone collagen (856, 865 and 892). The three samples were dated to 

late Holocene, causing the exclusion of the human remains from this site of the early 

Holocene sample analyzed here.     

A fragment of mandible labeled as Lund (114) and isolated teeth (874) were 

excluded from this study because there is no context or date associated with them. One 

skull and two mandibles with no site identification (1055) were also excluded from the 

early Holocene sample. 

Sample size 

 

Examining the human remains from Lapa Mortuaria, 135 temporal bones were 

found including isolated bones and complete skulls. The high number of temporal bones 

suggests that nearly 70 individuals were recovered from Lapa Mortuaria. However, due 

to dating problems, only four individuals are included in the early Holocene sample 

analyzed in this investigation (see section above). The archaeological site of Lapa de 

Carrancas was excavated by Bastos de Avilla in 1937, resulting in 12 human skeletons. 

This excavation was not reported in detail in any publication (Alvim, 1977). 

Excavations at Cerca Grande and Boleiras were reported in Hurt and Blasi (1969). 

Twenty-two burials were uncovered at Cerca Grande 2, 5, 6 and 7, while two burials 
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were uncovered at Boleiras. The authors described them as single burials. However, 

Messias and Alvim (1962) mentioned that more than one individual was found in many 

of these burials. In fact, they curated the skeletal collection obtaining 49 distinct 

individuals, even though in a very fragmentary state. According to them, Cerca Grande 

excavations provided 44 individuals in 22 burials, while Boleiras provided 5 individuals 

in 2 burials.  

Museu de Historia Natural da Universidade Federal de Minas Gerais 

(MHN-UFMG) 
 

Harold Walter collection 

 

This collection was curated by the Laboratorio de Estudos Evolutivos Humanos - 

USP (LEEH-USP) in the 1990s, producing a collection inventory available to the visiting 

researchers at the museum. Due to the lack of specific archaeological provenience of the 

bones, LEEH-USP decided to organize the collection per anatomical region. Each 

specimen received a number preceded by the letters HW. These numbers are sequential 

ranging from 1 to 2640. Two skulls from the collection are permanently on display in the 

local museum. These skulls were not curated in the 1990s. Hence, they do not have 

collection codes. The adult skull was labeled HW-EXP-1 and the subadult HW-EXP-2. 

The strategy of analysis was to record the osteological markers in each individual bone as 

an isolated fragment. In the case of complete skulls, sex, and age were estimated. 

Regarding the long bones, it was possible to estimate sex using the measurement of the 

epiphyses (Appendix A). Due to time restrictions, it was not possible to collect data on 
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the 2640 bone fragments of the collection. The following anatomical parts were 

documented in data collection: crania, teeth, vertebrae and long bones. The collection 

includes some loose teeth, which were not included. All vertebrae, crania, and teeth in the 

socket were included in this work. However, the long bones were studied only partially. 

All the fragments of long bones with at least one epiphysis were included in this study. In 

addition, midshaft fragments without epiphyses were included only if they represented 

more than 50% of the bone. This selection of long bones was undertaken to maximize the 

information gained in the time frame stipulated for this project.  

Radiocarbon dates 

 

Lab 
number 
(BETA) 

Collection 
Code 

Material 
Conventional 
age (years BP) 

Calibrated age 
(years BP) 

12C/13C 
o/oo 

220426 HW - 6 Tooth 8590 ± 40 9570 to 9520 -20.1 
220429 HW - 13 Tooth 8730 ± 40 9890 to 9560 -19.0 
108186 HW-12 Bone 7250 ± 60** 

 
-26.4 

108187 HW-15 Bone 6660 ± 50** 
 

-33.4* 
220432 HW - 293 Tooth 8020 ± 40 9020 to 8760 -19.4 
208077 HW - 294 Bone 8610 ± 40 9600 to 9520 -19.5 

220433 HW - 294 Tooth 8800 ± 40 
10120 to 10070 or 

9940 to 9690 
-18.9 

165379 HW – 294 Bone 7870 ± 40** 8770 to 8580 -25.3 
220434 HW - 2520-1 Tooth 8320 ± 40 9460 to 9250 -18.8 
220437 HW - 2520-4 Tooth 7700 ± 60 8600 to 8380 -21.1 
220440 HW - 2520-7 Tooth 8570 ± 40 9560 to 9510 -19.0 
220442 HW - 2520-9 Tooth 8480 ± 40 9530 to 9460 -19.1 
220443 HW - 2520-10 Tooth 7850 ± 40 8740 to 8550 -20.1 

174680 MHN - Confins Tooth 11990 ± 50 
15070 to 14830 or 

14270 to 14210 
-33.4* 

* probably contaminated  ** minimum date/bone organics 

Table 5.2: Radiocarbon dates of human remains from the Harold Walter collection.  
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Fourteen dates were obtained from the collection of Harold Walter (Table 5.2). 

These dates come from 12 specimens of teeth and bone fragments of skull. Due to low 

amount of collagen, three dates taken from bone fragments provided minimal ages. These 

minimal ages are the result of the skip of a pre-treatment based on sodium hydroxide 

carried out by the Beta Analytic Laboratory (BETA) in ideal conditions. In the cases that 

BETA skips this procedure, they indicate that contamination is possible, recommending 

the interpretation of the date as a minimal age. In order to overcome the low amount of 

collagen of the Lagoa Santa’s bones, an alternative method was attempted dating 10 

Lagoa Santa’s teeth. Interestingly, the specimen HW-294 was dated twice using bone and 

once using tooth. One of the bone dates resulted in a minimum age, being 740 years 

younger than the other bone sample with higher collagen content. In addition, the bone 

sample with higher amount of collagen is 190 years older than the tooth sample. This 

case shows that radiometric dates from bone samples are very similar to tooth samples, 

while minimal ages have the potential of being more than 500 years younger than actual 

ages. The 13 dates of Harold Walter collection are within the interval of 8,800-6,660 yr. 

BP. Because the youngest age is a minimum date, it is reasonable to suppose that the 

Harold Walter collection is dated to between 9,000 and 7,000 yr. BP. This timeframe is 

within the early Holocene period analyzed in this study. 

The skull found at Lapa Mortuaria Cave does not have a collection identification 

number. It in labeled as MHN-Confins in the collection inventory. A tooth was used to 

date this specimen, resulting in a late Pleistocene age. This dating is compatible with the 

stratigraphic context in which the specimen was found at Lapa Mortuaria Cave (Walter et 
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al., 1937; Walter, 1958). However, despite this agreement, there is a reason to question 

the validity of this direct date. The range of carbon isotopic values for Lagoa Santa’s 

bones was measured by Hermenegildo (2009). Both fauna and human ratios of carbon 

values were within the range of -28 ‰ to -14 ‰. These values do not match the carbon 

value provided by BETA of -33.4 ‰. Certainly, some contamination altered the carbon 

ratio of this specimen, raising some doubts on the validity of the radiocarbon date. This 

investigation agrees with late Pleistocene stratigraphic dating of Confins skull, deciding 

to exclude this specimen from the sample of this study. 

Sample size 

 

 The Harold Walter collection is described in Walter (1958), including the 

minimum number of skeletons from each archaeological site. Unfortunately, there is no 

detailed record of the exact number of individuals and skeletal elements found at each 

site. The human skeletons were excavated at Eucalipto, Galinheiro, Lagoa Funda, 

Limeira, Mae Rosa, Samambaia, and Sumidouro. There is no indication of the 

archaeological site provenience of the human skeletons in the Harold Walter collection. 

The only exception is the skull HW-294 excavated at Lapa Funda (synonymous of Lagoa 

Funda). Therefore, the collection Harold Walter is a sample of skeletons derived from 

seven archaeological sites. It does not pose a problem since the two most distant sites are 

only 13 km (8 miles) apart (Figure 3.2). Walter reported at least 18 skeletons in his 

excavations. However, 52 skulls were counted in the Harold Walter collection.     
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Santana do Riacho collection  

 

This collection is housed in a different building from the Harold Walter 

collection, under the supervision of Andre Prous. Regarding the organization of the 

collection, burials are named in sequential order ranging from I to XXVIII. When 

multiple individuals are part of one burial, a letter is added next to the Roman number, 

thus differentiating individuals (e.g., Va and Vb). The collection is organized by skeleton, 

which were kept in individual boxes. The collection is well curated with every bone 

diagnosed and packed in plastic bags, requiring no effort of curation and refitting. The 

burial VIIia and VIIic, however, raised some doubts regarding the reconstruction of 

individual skeletons. That is, a pathologic condition in the right tibia of the skeleton VIIia 

is virtually identical to the pathologic condition of the left tibia of skeleton VIIic. This 

similarity suggests these are the same individual. In this work, the separation of 

individuals made by the excavators and curators was kept except in the case of these 

pathological tibiae, which were assigned to the same individual based on anatomical and 

archaeological evidence (see details in the Appendix D). The same problem was 

identified among the teeth of individual XIXa and XIXb. Some of the symmetrical teeth 

of XIXa were in the box of XIXb. These errors were corrected by me (see details in the 

Appendix D).  
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Radiocarbon dates 

 

 

Lab 
number 
(BETA) 

Collection 
Code 

Material 
Conventional age 

(years BP) 

Calibrated 
age (years 

BP) 

12C/13C 
o/oo 

96758 SR1 – II bone 5340 ± 60** 6285 to 
5950 

-24.5 

Gif 5087 SR1 – IV charcoal 8150 ± 150   
96759 SR1 – Va bone 12760 ± 70  -33.2* 

104291 SR1 – Vb bone 2270 ± 50**   

104292 SR1 – Vij bone 7840 ± 60**   
162005 SR1 – IX bone 3940 ± 50 4520 

to4240 
 

162007 SR1-XI bone 110 ± 0,7pMC   
Gif 4508 SR1 – XIII charcoal 9460 ± 110   
162014 SR1 – XX bone 8280 ± 40 9420 to 

9130 
-24.9 

96760 SR1 – XXII bone 5740 ± 70** 7630 to 
6310 

-28.3* 
Gif 5088 SR1 – XXIII charcoal 8230 ± 150   

* probably contaminated  ** minimum date/bone organics 

Table 5.3: Radiocarbon dates of human remains and charcoal from Santana do 

Riacho collection. 

 

 

The collection of Santana do Riacho provided 11 direct dates on bone (Table 5.3). 

Four of them are minimum ages dated by BETA, while three of them were dated by the 

French laboratory Gif sur Yvette (Gif). The stratum 3 of the Santana do Riacho 1 site was 

identified as the burial layer. This layer was contained in stratum 4, which was dated to 

10,000-8,000 yr. BP (Neves et al., 2003). The only burial assigned to the period between 

11,000-10,000 yr. BP was the burial XXV (Prous, 1992/1993:23). However, this burial 

was composed of very fragmentary remains of foot, not being analyzed in this 
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investigation. Prous (1992/1993:23) proposed a chronological sequence for the burials of 

Santana do Riacho. However, this investigation considers them as from a single period 

between ca. 10,000 and 8,000 yr. BP.  

Four direct dates on bone are in agreement with the above archaeological dates. 

Other four minimal ages are younger than the early Holocene period, but in fact they 

consist in bone samples with low amount of collagen. The three remaining dates, 

however, range from modern to late Pleistocene ages, well outside the range of 

archaeological dates. The ratio of 
12

C to 
13

C of the burial Va is -33.2 ‰, well outside the 

normal values for bones from Lagoa Santa (Hermenegildo, 2009). For the other two 

dates, the carbon ratios were not reported. These observations raise some doubts about 

the chemical integrity of the bones in this collection. The contamination of samples can 

occur by natural (i.e., at the archaeological site) or by artificial reasons (i.e., manipulation 

of bones during and after the excavation). The latter reason should be the cause of the 

contamination of some of the bones of this collection, since the skeletons were housed in 

a room with no control of humidity and temperature. The presence of fungi on the bones 

of Santana do Riacho collection might be the cause of chemical alteration of the organic 

part of these bones. Other evidence of bone chemical alteration was Hermenegildo’s 

(2009) decision to exclude Santana do Riacho bone samples from his isotopic study 

owing to chemical contamination. Indeed, priority was given for the stratigraphic dating 

of this collection. In short, the dates of the human collection of Santana do Riacho are 

considered to be between 10,000 and 8,000 yr. BP based on archaeological context.      
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Sample size 

 

The description of Santana do Riacho 1 is found in Prous and Malta (1991) and 

Prous (1992/1993). Souza (1992/1993) studied the skeletons excavated at this site, 

reporting 43 individuals from 28 burials. After the second curation of this material in 

1994, Cornero (2005) reported 40 individuals in her analyses. This number (40) was 

confirmed by me in my study of the collection. 

Universidade de Sao Paulo (USP)  
 

The collection housed at USP consists of the skeletons from Lapa do Santo and 

Lapa das Boleiras sites. They were thoroughly excavated and curated, being kept in 

controlled conditions of temperature and humidity. The burials of Lapa do Santo were 

organized in sequential numbers from I to XXVII. The collection is organized by 

individual skeletons. Some of the burials are composed of multiple individuals, requiring 

an additional effort of individual reconstruction. Burial XIV, for example, was divided 

into three skeletons labeled by the letters “a” through “c.” Burial XVII is also a multiple 

burial, being divided into two skeletons labeled “a” and “b” (see details in Appendix D). 

Burial XVIII was not analyzed as an individual, since its bones were in scattered context 

in the excavation in addition to being a mixture of adults and subadults. The bones of 

subadults were under calcareous deposition, precluding the visual analysis. In turn, the 

adult bones were very fragmentary, being analyzed as isolated bones and teeth. Burial 

XXIII also represents a challenge to individual identification. This burial contains 83 
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loose teeth in addition to long bones of at least two subadults. The teeth represent at least 

two adults and two subadults. As the bones and teeth were impossible to be 

individualized, each unit was analyzed as an isolated specimen. The collection of Lapa 

das Boleiras consisted of three individuals from Boleiras 1 and one individual from 

Boleiras 2. However, the skeleton of Boleiras 2 was not included in this sample owing to 

the lack of a radiocarbon date.      

Radiocarbon dates 

 

 

Lab 
number 
(BETA) 

Collection 
Code 

Material 
Conventional 
age (years BP) 

Calibrated age 
(years BP) 

12C/13C 
o/oo 

178554 BL-Sep III bone 8190 ± 40 9270 to 9020 -19.1 
179815 BL-Sep III tooth 8280 ± 50 9440 a 9115 -23.4 
178556 BL-Sep III tooth 9640 ± 50* 10980 to 10750 -23.5 
271249 LS-Sep I tooth 8840 ± 60 10180 to 9680 -24.2 

253497 LS-Sep II bone 790 ± 40 780 to 670 -19.2 
215194 LS-Sep VII bone 7400 ± 40** 8330 to 8160 -18.9 
215195 LS-Sep XI bone 5990 ± 40** 6900 to 6730 -20.6 

215196 LS-Sep XIV bone 8230 ± 40** 
9380 to 9370 

or 9300 to 
9040 

-22.4 

253505 LS-Sep XIV bone 8730 ± 50 9900 to 9550 -19.6 
265182 LS-Sep XVII bone 8580 ± 50 9590 to 9490 -19.0 
253507 LS-Sep XVII bone 8660 ± 50 9710 to 9540 -19.0 
215200 LS-Sep XIX bone 7700 ± 40** 8560 to 8400 -18.6 
253511 LS-Sep XXVI bone 8540 ± 50 9550 to 9480 -19.8 

* probably contaminated  ** minimum date/bone organics 

Table 5.4: Radiocarbon dates of human remains from the Lagoa Santa collection 

housed at the Universidade de Sao Paulo. 
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There are 13 dates for the collection housed at USP (Table 5.4). Three dates are 

for the burial III (BL-Sep III) from Lapa das Boleiras, while the remaining dates are for 

eight burials from Lapa do Santo. In the case of Lapa das Boleiras, only burial III 

contains direct dates on bone and teeth. One date in bone and one in tooth provided the 

same age interval: 8,500-8,000 yr. BP. Interestingly, as it was observed in the Harold 

Walter collection, the date in the tooth is statistically indistinguishable from the date in 

bone (only 90 years different). There is a second date in tooth that is much older than the 

first two. This older date, however, is believed to be contaminated by acetone, which was 

used in this tooth for cleaning the surface of the root. In fact, the younger date in tooth 

was obtained later without the contact with acetone. The burials IV and V of Lapa das 

Boleiras are believed to be in the same chronological interval than the burial III, even 

though we recognize the importance of date them directly in future studies. The burial I 

from Boleiras 2 was found in a smaller rockshelter tens of meters away from the shelter 

Boleiras 1. As we do not have either an archaeological or a direct date on bone for these 

human remains, the Boleiras 2 skeleton was excluded from the early Holocene sample.   

 The site of Lapa do Santo is the best studied site of the Lagoa Santa region in 

terms of direct dates on bone and archaeological chronology. Six burials were dated to 

the early Holocene, and two burials were dated to middle/late Holocene. Regarding the 

burials dated to early Holocene, two of them were dated twice. The burial XVII has two 

dates with 80 years of difference, indicating that they are within the standard deviation 

associated with the radiocarbon dates. On the other hand, the burial XIV shows one date 

which is 500 years younger than the other one. Interestingly, the younger date is a 
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minimal age, showing low amount of bone collagen. This difference of 500 years from 

the minimal to the real date is the same difference of the case described in the Harold 

Walter collection. Two other burials were also represented by minimal dates: burial VII 

and burial XIX of Lapa do Santo. Overall, the early Holocene burials of Lapa do Santo 

are dated to between 9,000 and 7,500 yr. BP. The burial XI has a minimal date of ca. 

6,000 yr. BP. This date is outside of the range of this study, which are analyzing early 

Holocene skeletons. Accordingly, we decide to exclude it from our sample. This decision 

is conservative, since the direct date is a minimal age. In fact, the real age of this burial 

might be within the early Holocene period. The burial II was dated to late Holocene, and 

is excluded from the early Holocene sample.  

The biggest issue in Lapa do Santo collection is assigning dates for the remaining 

skeletons which do not have direct dates on bone. For this task, stratigraphic context was 

used as a guide for the chronology of the skeletons. Strauss (2010, chapter 7) carried out 

a preliminary analysis of the stratigraphy of Lapa do Santo. Using 47 charcoal dates from 

the main area of the excavation, where the skeletons were found, he found a positive 

linear correlation between depth and age (r=86; p<0.01) using an artificial horizontal axis 

instead of the surface of the site. Samples found deeper are from early Holocene, while 

samples found in higher strata (referred to a horizontal axis and not to the surface of the 

site) were from the late Holocene. It is important to mention that the analysis of Strauss 

(2010) contained some shortcomings. First, the main area of the site was treated as a 

homogeneous area. Variations in the rate of sediment deposition within this main region 

were not considered. Second, the charcoal dates were unevenly distributed in the main 



145 

 

excavated area. The squares G12 and G13 are represented for ten dates, while the 9 

squares J, K and L (9, 10 and 11) are represented for just one date. This is especially 

serious since the most part of the skeletons were found in the mentioned 9 squares (12 

burials). Despite these problems, his work is the only one doing a formal analysis of the 

stratigraphy of Lapa do Santo. Assuming that vertical depth of a burial is correlated with 

its age, burials dated directly are a reference to assign the chronological ages of non-

dated burials. Using this logic, burial V dated to ca. 6,000 yr. BP is a crucial one, since 

burials above its vertical line should be considered from middle/late Holocene. Using 

regressions and linear correlations, Strauss (2010) concluded that burials III, IV, V, VIII, 

XI, and XIII are from middle Holocene, while the burial II is from late Holocene. All of 

these burials are above the burial V in terms of vertical depth. In this study, the 

preliminary stratigraphic analysis of Strauss is followed, and the these skeletons were 

excluded from the early Holocene sample. The remaining burials of Lapa do Santo are 

assigned to the early Holocene period.        

Sample size 

 

 The collection housed at USP is the result of recent excavations between 2001 

and 2009, reported in detail in Neves and colleagues (2004a, 2008). Skeletons of Lapa do 

Santo were described in Strauss (2010), while a short report of mortuary rituals in 

Boleiras is found in Neves and colleagues (2002). Thirty-three individuals were identified 

from 26 burials at Lapa do Santo, while four individuals were found in four burials at 

Boleiras. According to radiocarbon dates and stratigraphic correlation, only 26 
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individuals from Lapa do Santo and three from Boleiras were included in the early 

Holocene sample in this investigation.   

Summary  
 

 

Site/Collection 
Individuals 

(Total) 
Excluded 

Early 
Holocene 
Sample 

Institution 

Cerca Grande 44 None 44 MNRJ 

Harold Walter 52 CF-1 (Confins Man) 51 
MHN-
UFMG 

Lapa D’Agua 1 MN-809 0 MNRJ 

Lapa da Amoreira 10
b
 None 10 MNRJ 

Lapa da Limeira  2
b
 All 0 MNRJ 

Lapa de Boleiras 9 Boleiras 2 8 MNRJ/USP 

Lapa do Caetano 9 All 0 MNRJ 

Lapa de Carrancas 12 None 12 MNRJ 

Lapa do Santo 33
c
 Sep II, III, IV, V, VIII, XI, XIII 26 USP 

Lapa Mortuaria
a
 80 

All, except MN's 833-834; 
838-847; 918-919, 921-923, 

925; 928 
4 MNRJ 

Lapa Vermelha IV 1 MN-1959 (Luzia) 0 MNRJ 

Santana do Riacho 1 40
d
 None 40 

MHN-
UFMG 

Single Specimens - 
MN-114 (mandible), MN-874 
(teeth), MN-1055 (skull and 

mandibles) 
0 MNRJ 

a
Also named Abrigo da Caverna de Confins 

b
Fragmentary bones of at least 10 individuals; 

c
26 burials; d28 

burials.  

 

Table 5.5: Excluded individuals from the early Holocene sample of Lagoa Santa. 

 

 

 In Table 5.5, there is a summary of the total number of individuals found in the 

museum collections. In addition, it lists the identification numbers excluded from this 
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study due to either lack of chronologic context or radiocarbon dates different from early 

Holocene period. The number estimated for the early Holocene sample utilized in this 

work is 195 individuals, based on archaeological and curation reports. However, it needs 

to be emphasized that the individuals are incomplete and fragmentary. In addition, there 

is more attention in the early reports to the number of individuals with skulls, making this 

number a possible underestimation. Alvim (1977), for example, estimated that a total of 

500 individuals are found at public and particular collections including adults and 

subadults. The real number of skeletons from Lagoa Santa in museums should be 

between 200 and 500 individuals. In the Table 5.6, there is a summary of the 32 direct 

dates on bone and teeth of the early Holocene sample used in this investigation. These 

dates range from 10,000 to 7,000 yr. BP. 

 

 

Site/Collection 
Age interval (years 

BP) 
Number of specimens 

dated 

Cerca Grande 8,500 - 8,000 2 
Harold Walter 9,000 - 7,000 10 

Lapa da Amoreira 8,500 - 7,000 2 
Lapa de Boleiras 8,500 - 8,000 3 

Lapa de Carrancas 8,000 - 7,500 1 
Lapa do Santo 9,000 - 7,500 6 

Lapa Mortuária 9,000 - 7,000 4 
Santana do Riacho 1 10,000 - 8,000 4 

Total 10,000 – 7,000 32 

 

Table 5.6: Age interval of the skeletal remains of the early Holocene sample of 

Lagoa Santa, including the number of specimens with radiocarbon dates. 
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Methods 
 

Comparative sample 
 

 This work uses the database collected in the Western Hemisphere Project 

(WHP) which is available online on the website http://global.sbs.ohio-

state.edu/western_hemisphere_module.htm. In addition to the osteological markers of 

health and lifestyle, the project collected data regarding subsistence, ecology, settlement 

patterns, geography and ancestry (Table 5.7). These data are associated with each of the 

218 archaeological sites represented in the sample. The total skeletons of the WHP 

database are 12,520 individuals. 

 In order to address the research question of this work, only the prehistoric 

skeletons are utilized in this study. The cut point between historic and prehistoric periods 

is established at 450 yr. BP, since it is the approximate date of European arrival in the 

New World. This choice was made because the complex and profound impacts caused by 

Europeans in Native American populations is beyond the scope of this work. In fact, this 

investigation aims to have prehistoric populations as the exclusive focus of research. 

Average dates of the archaeological sites were used to exclude postcontact populations of 

this study.  Accordingly, instead of the 218 populations of the original sample, 149 

archaeological sites constituted the sample of this work.  

http://global.sbs.ohio-state.edu/western_hemisphere_module.htm
http://global.sbs.ohio-state.edu/western_hemisphere_module.htm
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Inv. Site (s) Abb. Loc. Ske. Anc. Ani. Pla. Veg. Top. Cli. Ele. Set. 
Min. 
age 

Max. 
age 

Avg. 
 age 
BP 

Arriaza 
Maitas 

Chribaya 
AZ1 8 118 1 2 3 3 2 3 2 3 1100 1250 1175 

Arriaza PreCeramic MR1 8 166 1 2 1 4 2 2 1 2 3060 8970 6015 

Buikstra Chiribaya CHB 7 363 1 2 3 4 5 2 3 3 450 950 700 

Buikstra Estuquina ESB 7 426 1 2 3 4 5 3 4 3 450 950 700 

Buikstra San Geron. SGB 7 99 1 2 3 4 2 2 1 3 450 950 700 

Buikstra Yaral Y1B 7 77 1 2 3 4 5 3 3 3 450 950 700 

Larsen 201 - 223 201 1 517 1 1 3 1 2 2 1 3 400 800 600 

Larsen 101 - 110 101 1 151 1 1 1 2 2 2 1 1 800 1900 1350 

Larsen 111 - 121 111 1 179 1 1 1 1 2 2 1 1 800 1900 1350 

Marquez Cholula CO1 6 236 1 2 3 3 3 3 4 5 430 1150 790 

Marquez Xcaret XCA 6 35 1 2 3 2 2 1 1 4 430 1550 990 

Marquez Jaina J73 6 106 1 2 3 2 2 1 1 4 1150 1550 1350 

Marquez Cuicuilco CUI 6 119 1 2 3 2 3 3 4 4 1650 2050 1850 

Marquez Tlatilco TL2 6 343 1 2 3 2 3 3 4 3 2930 3250 3100 

                     Continued 
 

Location: 1) Native American, 2) North America, Great Lakes, 3) North America, mid-continent, 4) North America, coastal, 5) North America, southwest, 6) Meso-

America, 7) South America, mountain, 8) South America, western coastal, 9) South America, eastern coastal; Ancestry: 1) North America,  2) Euro-American, 3) 

Afro-American, 9) Afro-American slave; Subsistence (animals):1) No Domesticates, 2) New World, 3) New and Old World Mix; Subsistence (plants): 1) No 

domesticates, 2) Some domesticates, 3) Maize (Potatoes), beans, squash, 4) New and Old World Mix; Vegetation: 1) Forest, 2) Open Forest, 3) Grassland, 4) Semi-

Desert; Topography: 1) Major River Flood Plain, 2) Coastal, 3) Plains, 4) Rolling (low hills), 5) Mountain; Climate: 1) Tropical, 2) Subtropical, 3) Temperate, 4) 

Subtemperate, 5) Arctic; Elevation: 1) Sea level to 100 meters, 2) 100 to 300 meters, 3) 300 to 1000 meters, 4) 1000 to 3000 meters, 5) 3000+ meters; Settlement 

Pattern: 1) Mobile, 2) Settled dispersed, 3) Small/Medium Village, 4) Paramount Village/Town, 5) Urban 

 

Table 5.7: Description of the 36 prehistoric populations used in this investigation as a comparative sample.   
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Table 5.7 continued 

Inv. Site (s) Abb. Loc. Ske. Anc. Ani. Pla. Veg. Top. Cli. Ele. Set. 
Min. 
age 

Max. 
age 

Avg. 
 age 
BP 

Neves Ceramico LNC 9 22 1 1 2 1 2 2 1 2 1200 1200 1200 

Neves Tiwanaku QUI 7 253 1 2 3 4 3 3 4 3 1000 1400 1200 

Neves Preceramico LNP 9 126 1 1 1 1 2 2 1 1 2000 4000 3000 

Sciulli Monongahela MON 2 122 1 2 3 1 4 3 2 3 950 350 650 

Sciulli Sunwatch SUN 2 138 1 2 3 2 1 3 2 3 750 750 750 

Sciulli Pearson PEA 2 96 1 2 3 2 3 3 2 3 950 850 900 

Sciulli Kirian Tregua KIT 2 134 1 2 2 1 4 3 2 1 . . 2564 

Stodder Dolores dol 5 43 1 2 3 2 5 3 4 3 800 1300 1050 

Storey Copan Rural co9 6 239 1 2 3 2 4 1 3 2 1300 950 1125 

Storey Copan cop 6 45 1 2 3 2 3 1 3 4 1300 950 1125 

Storey Tlatinga teo 6 50 1 2 2 4 5 2 4 5 700 2550 1625 

Ubelaker N. Coast lat 8 47 1 2 3 1 2 1 1 3 1550 2550 2050 

Ubelaker Highland cot 7 164 1 2 3 1 5 2 4 3 2054 2502 2278 

Ubelaker Realto rea 7 51 1 2 1 4 2 1 1 2 3450 5876 4663 

Ubelaker Sta. Elena osg 7 75 1 1 1 4 2 1 1 1 6600 8250 7425 

Ubelaker S. Coast lib 8 155 1 2 3 4 2 1 1 3 1370 2300 1835 

Walker WO7 and WVO WO7 4 540 1 1 1 4 2 3 1 1 700 1450 1075 

Walker 13 sites W43 4 293 1 1 1 4 2 3 1 3 168 2550 1359 

Walker 17 sites W13 4 436 1 1 1 4 2 3 1 1 1850 1400 1625 

Walker 18 sites W38 4 292 1 1 1 4 2 3 1 3 204 7500 3852 

Walker 8 sites W42 4 309 1 1 1 4 2 3 1 1 3000 7500 5250 

Wentz Windover WIN 1 168 1 1 1 3 1 2 1 1 6990 8120 7400 
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Figure 5.1: Localities of the prehistoric archaeological sites used in this investigation 

(adapted from Steckel and Rose, 2002a). 

 

 

The total of prehistoric skeletons utilized in this work is 6,565. In Steckel and 

Rose (2002a), the 218 archaeological sites were clustered in 65 groups based on 

geographic and temporal similarities. Among these 65 groups, 35 constitute the 

prehistoric sample used in this work (Figure 5.1). The pre-Colombian sample is 

composed of 3,250 skeletons from North America (49.50%), 1,173 from Mesoamerica 
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(17.87%), and 2,142 from South America (32.63%). In addition to the WHP database, 

this investigation includes the population of Windover Pond, Florida, which is the oldest 

collection from North America, including 168 individuals. This skeletal collection is 

dated to 8120-6990 BP (Dickel, 2002). Besides its early date, this collection also shows 

the advantage of having been analyzed under the same methodology of the WHP 

database. Data from this collection was obtained from the Ph.D. dissertation of Rachel 

Wentz (2006).  

 Although this investigation uses the average date of the archaeological sites for 

their inclusion or not in the prehistoric sample, some sites encompass both prehistoric and 

historic periods. One case is the archaeological sites of the South Coast of Ecuador, 

which was analyzed by Douglas Ubelaker (Ubelaker and Newson, 2002). This 

geographic location is constituted by five archaeological sites dating to 2,500-700 yr. BP. 

The site of Ayalan, however, is dated to from 2850 to 220 yr. BP. Although this single 

site has some historic skeletons, Ubelaker and Newson (2002:353) highlighted that the 

South Coast skeletons are mostly from 2,850 to 2050 yr. BP and 1,150 to 450 yr. BP. For 

this reason, this group of sites was included in the prehistoric sample in this investigation. 

Another case refers to the native people from California, which include there groups of 

archaeological sites that encompass both contact and pre-contact skeletons. A cluster of 

18 sites dates from 7,500 to 204 yr. BP, while another cluster of 13 sites ranges from 

2,550 to 168 yr. BP. Walker and Thornton (2002:509-510) mentioned that the California 

Indian populations remained relatively isolated until the late 1700s. For this reason, it is 

considered that the post-Colombian skeletons of these sites did not have much contact 



 

153 

 

with Europeans, justifying their inclusion in the pre-historic sample of this investigation. 

Finally, a cluster of 16 sites from southern Coastal California was dated to 428 yr. BP, 

ranging from 690 to 167 yr. BP. In contrast to the other California skeletal series, more 

than half of the skeletons are likely found in the post-contact era, justifying their 

exclusion of the sample.   

In the WHP database, 12 populations are hunter-gatherers and 24 are 

agriculturalists. Although this database represents the largest number of skeletons 

analyzed under the same methodology regarding lifestyle indicators, the sample has some 

biases. First, few foraging populations are represented in the WHP database compared to 

agriculturalists. Second, some regions are represented by more than one population. For 

example, Southern Coastal California constitutes 5 out of the 12 hunter-gatherer 

populations of this sample. Ecuador has two foraging populations, while the eastern coast 

of US has three populations. The other population comes from Coastal Brazil. There is a 

strong bias in the hunter-gatherer sample toward populations in the US territory (8 out of 

12). Third, all the foraging populations of the comparative sample come from coastal 

sites, excepting Windover which is located along a river flood plain close to the coast. 

Coastal sites are places of potential high productivity, allowing intense exploitation of 

fishing such as in hunter-gatherers of the Northwest Coast (Ames, 2003). In this sense, 

there is a potential bias towards more complex hunter-gatherers in this comparative 

sample. Fourth, only two foraging populations are older than 7,000 yr. BP, while none of 

the populations are older than 7,500 yr. BP. For this reason, the comparative sample is 

not representative of the populations from the boundary of Pleistocene/Holocene. Fifth, 
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the WHP database does not represent the typical hunter-gatherers and farmers worldwide, 

but instead they represent the typical populations of the New World. 

 In light of these biases, it will be important in future works to incorporate more 

populations in the database of WHP as long as they follow similar methods of analysis. 

Although the WHP database used here is not free of biases, we believe that this sample is 

large enough to address the questions of this investigation. In fact, the WHP database is 

the largest assemblage of skeletons analyzed for osteological indicators of health under 

the same methodology.    

Sex and age estimation 
 

 Sex estimation was based on morphological traits of the cranium and the pelvic 

bone. Regarding cranial morphology, five traits were used: nuchal crest, mastoid process, 

supraorbital margin, glabella, and mental eminence of the mandible (Buikstra and 

Ubelaker, 1994). They are scored from 1 (female) to 5 (male). The pelvic morphology 

contains seven traits: subpubic concavity, subpubic angle, ischiopubic ramus ridge, 

ventral arc, arc compose, greater sciatic notch, and preauricular sulcus (Steckel et al., 

2006). They are scored from 1 (male) to 9 (female). In fact, the Lagoa Santa collection 

contains a large number of isolated bones. In order to infer sex in those bones, 

measurements of the epiphyses were taken to estimate robusticity. Using discriminant 

function, it was possible to find a cut point in individuals with known-sex. This cut point 

was used to classify the long bones with unknown-sex. Assuming these body size 

differences represent sexual dimorphism, the small bones were classified as females and 
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the large ones as males. A detailed explanation of this method of sex estimation is 

described in the appendix A. Only adults (over 20 years old) had their sex estimated. 

 Subadult age estimation was based on dental development, epiphyseal closure, 

and bone length. The developmental chart used in this investigation was from Ubelaker 

(1989). This chart was generated using Native Americans from North America, whose 

chart is more related to Lagoa Santa than developmental charts from European 

populations. The epiphyseal closure ages were obtained from charts in White and Folkens 

(2005). Data of long bone length by age were obtained from Scheuer and Black (2000). 

When the different methods did not agree, priority was given for the dental 

developmental charts, since tooth development is more genetically controlled than bone 

growth (Conceicao and Cardoso, 2011).   

The age estimation of adults (over 20 years old) was based on cranial suture, 

pubic symphysis, tooth wear, and auricular surface morphology. The cranial sutures were 

scored from ectocranial and endocranial vault surfaces. The coronoid, sagittal, and 

lambdoid sutures were scored from 1 (open) to 4 (complete closure). These scores were 

used as a qualitative index to infer the age of the skeleton, since there is no study 

matching this scoring system of cranial suture and the actual age of the individual. In 

addition, incomplete skulls were very common in Lagoa Santa, creating problem to a 

quantitative approach using suture closure. In turn, the method of pubic symphysis and 

auricular surface provided a chronologic age for the skeleton. The method employed in 

this investigation was the Suchey-Brooks system (1990), which divides the aging process 

of the pubic symphysis in six stages. These stages are described and illustrated in 
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different charts for males and females. The corresponding age for each stage followed by 

its standard deviation is found in Brooks and Suchey (1990). The auricular surface 

analysis was applied in this investigation using two different methods. The first one 

followed the description of Lovejoy and colleagues (1985). They described eight stages 

covering the period from 20 to 60-plus years old. The second method is based on the 

work of Buckberry and Chamberlain (2002). Five independent traits of the auricular 

surface are scored separately; subsequently, these scores are added up to make a 

composite score. Then, the final composite score corresponds to an age category with its 

respective standard deviation.  

Regarding dental methods of age, the tooth wear method aimed to identify the 

specific rate of wear in a population. The method employed here is an adaptation to the 

work of Miles (1963). Twenty-nine subadult individuals (under 20 years old) from Lagoa 

Santa were used as the baseline. The ages of the subadults were estimated using the 

dental developmental chart of Ubelaker (1989). Tooth wear was scored using the method 

of Scott (1979). Instead of using the seriation process of Miles’ method, a best fit 

regression curve was used instead. This regression method is more adequate to the case 

of Lagoa Santa, since the collection is housed at different museums, thus preventing an 

efficient seriation approach. As a shortcoming of this regression model, the extended 

curve regressions provide a final age with large error interval. Accordingly, these final 

ages should be interpreted only as central tendencies. In addition, combinations of 

different methods were used to obtain the final age of the individual. A detailed 

description of this method is in the appendix B.       
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Statistical analysis 
 

 This investigation uses a variety of univariate statistics, allowing the analysis 

of each osteological marker individually. Because this work tests different models for 

each osteological marker, clustering these markers in a multivariate analysis would not be 

adequate to the interpretation of the health indicators. The following univariate tests are 

used in this work: chi-square, Fisher Exact test, multiple proportion comparison test, 

Mann-Whitney, T-test, one-way ANOVA, Kruskal-Walis, and linear regression 

(Mckillup, 2005). The first three tests are applied to nominal-scale data. This type of data 

is comprised by two categories representing either presence or absence of an osteological 

or dental condition. The first two tests are applied to absolute number of cases for each 

category and never in ratios, while the third test is applied to proportions. The chi-square 

test is calculated for heterogeneity of the sample, since there is no expected frequency. 

Fisher Exact test is applied for the same kind of data but only in the cases in which 

expected frequency is below 5 in more than 20% of the cases (ibid.; in 2x2 tables only 

one expected frequency below 5 is enough to apply Fisher Exact test). In this work, the 

Fisher Exact test was avoided since chi-square (N-1 adjusted) seems to be more accurate 

to test heterogeneity in small samples of 2x2 tables (one degree of freedom). The N-1 

adjustment of chi-square score is made by the multiplication of the Pearson’s chi-square 

score by (N-1)/N, letting N be the total sample (Campbell, 2007). The following 

strategies were applied to nominal-scale data: 1) 3 by 3 tables of contingency (two 

degrees of freedom) were subjected to multiple comparison test for proportions (Zar, 
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2009:555). This test was applied because it allows a Tukey-type multiple comparison test 

for proportions (Zar, 2009:557), while the traditional chi-square test does not allow post-

tests. The programs were written and ran in SAS 9.2. Chi-square and Fisher Exact tests 

were applied when one of the proportions equaled zero. In this case (3x3 tables), if more 

than 20% of the expected values were less than 5, a Fisher Exact test was applied. In turn, 

a chi-square test was applied in the remaining cases. 2) 2 by 2 tables of contingency (one 

degree of freedom) were subjected to the chi-square (N-1 adjusted) test if all the expected 

values were above 1 (Campbell, 2007).  If one expected value is below 1, Fisher Exact 

test was applied. No Yates correction is applied in this investigation. 

One-way ANOVA was applied to continuous data (ratio-scale) when more than 

two independent samples were compared (e.g., stature). When the test of normality 

reached significant difference (Levene’s test), Kruskal-Wallis was applied (non-

parametric test). The post-hoc test adopted here for ANOVA was the Tukey test, 

assuming equal variances of the samples (SPSS 19.0). In turn, the post hoc test for 

Kruskal-Walis were the non-parametric multiple comparisons with unequal sample sizes 

(Zar, 2009:242; written in SAS 9.2). The two independent-samples t-test is a parametric 

test applied here to samples with an approximate normal distribution. In this work, the 

comparison of two samples was applied to ratio-scale data such as the stature analysis. 

The test compares the means of the samples assuming equal variances. Levene’s test was 

applied to the data in order to guarantee equality of variances. In the cases that the null 

hypothesis of the Levene’s test was rejected, a t-test not assuming equal variances was 

applied to the samples. The non-parametric tests (Mann-Whitney and Kruskal-Wallis) 
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were applied to ordinal-scale data. Non-parametric tests are recommended to 

distributions deviating grossly from the normal distribution. These tests are less powerful 

to detect differences than parametric tests, but they are less biased in the cases of no 

normal distribution of the data. The data in this work showed usually a deviation from 

normal distributions, occurring more often in the cases of low sample size (less than 20 

individuals). In these cases, Mann-Whitney was applied for comparisons of two 

independent samples, while Kruskal-Wallis was applied for more than two independent 

samples. Although nonparametric tests are very robust to non-normal distributions, it is 

important to assure approximate equal variances in the samples. When no variation is 

observed in one sample (no standard deviation due to lack of lesion), the whole dataset is 

transformed in nominal scale data (absence and presence; Mckillup, 2005). This 

transformation allowed the application of chi-square and Fisher Exact tests in the way 

described in the last paragraph.  

Pearson linear regression was used to test temporal trends for each osteological or 

dental marker. In this work, the independent variable was “years before present,” while 

the dependent variable was the prevalence or severity of the osteological marker. The 

regression line describes the functional relationship between two variables, using the 

best-fit method to draw the straight line. Statistical test was used to verify the 

significance of the functional relationship. The linear regression has a series of 

assumptions: the dependent variable has to come from a population with normally 

distributed values, the error of the independent variable (years BP) should be minimal, 

the dependent variable should be determined by the independent variable, the relationship 
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between dependent and independent variable has to be linear, and the variance of the 

dependent variable has to be the same across the regression line. The results of this 

statistical method did not meet all these assumptions; therefor, they should be interpreted 

with caution. All the statistical tests in this investigation set alpha as 0.05. In addition, all 

tests used two-tailed hypothesis, since it does not specify the direction of the difference. 

The statistical tests and graphs were run in SPSS 18.0. 

The descriptive statistics applied in this investigation included mean, standard 

deviation, median and percentiles. The graphical analysis included box plots and 

histograms. Box plots used Tukey’s hinges percentiles. The maximum length of the 

whiskers was 1.5 times the interquartile range (IQR). Values between 1.5 and 3.0 IQRs 

above or below the median were depicted as circles, while values above or below 3.0 

IQRs were depicted as asterisks. The percentiles showed in the tables did not use the 

same method used to construct the box plot graphs (the Tukey’s hinge method). Instead, 

the tables used the weighted averages (Definition 1, calculated by SPSS 18.0), which 

calculated the percentiles at 5
th

, 10
th

, 25
th

, 50
th

 (median), 75
th

, 90
th

, and 95
th

 rather than 

the 25
th

, 50
th

, and 75
th

 percentiles of the Tukey’s hinge method. The weighted averaged 

method was preferred because of greater number of divisions of the sample. The medians 

of Tukey’s hinges (graphs) and weighted averages (tables) are always the same, but the 

other percentiles vary slightly between the methods. 

Three statistical approaches were carried out in this investigation. The first 

approach consisted in the direct statistical comparison between Lagoa Santa, farmers and 

foragers from the WHP database. All individuals belonging to the farming populations 
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were grouped in a single sample characterized by a central tendency (mean) and a 

standard deviation. The same procedure was applied to the foraging populations. This 

analysis allows a direct statistical comparison between Lagoa Santa and the subsistence 

strategies. This comparison can be undertaken by either parametric or non-parametric 

tests. The big disadvantage of this procedure is giving more weight to populations 

represented by more individuals. As all individuals are clustered in one group, the sample 

size of each population can bias the mean of the subsistence strategy. Another problem 

faced by this approach is the difference of sample size between the subsistence strategies 

and Lagoa Santa. In fact, we are comparing one population with a group of populations. 

Actually, this size difference created problems for reaching statistical significance 

between Lagoa santa and the WHP database. Also, a disadvantage of this procedure is not 

considering the position of Lagoa Santa in relation to the variability within the 

subsistence strategies. The statistical test accepts or rejects a null hypothesis, but it does 

not give any graphical view of the dispersion of the samples.  

The second approach aimed complementing the first one. In this approach, a 

prevalence or severity of the health indicator was calculated for each population of the 

WHP database, consisting in the average of all individuals’ prevalence or severity for that 

population. Prevalence of all populations of the WHP database is plotted in a graph, 

dividing them in hunter-gatherers and farmers. Then, Lagoa Santa value is included in the 

graph in order to compare its prevalence or severity with the WHP database. This 

comparison is made through box plot graphs. The advantage of this procedure is to take 

into account the variability within the subsistence strategies, providing a graphic 
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illustration of the position of Lagoa Santa. In addition, the relative position of Lagoa 

Santa is characterized using percentiles in relation to the distribution of each subsistence 

strategy. Instead of having individual or anatomical parts of the skeleton as units such as 

the first approach, this analysis has population as unit. Moreover, the statistical difference 

between farmers and foragers of the WHP database is compared through non-parametric 

tests (Mann-Whitney). This statistical comparison aims to characterize the comparative 

sample before the analysis of the Lagoa Santa’s position in the database. A disadvantage 

of this procedure is the absence of a statistical test of hypothesis. This procedure is better 

characterized as a graphic approach. Another shortcoming is not considering the sample 

size of the populations analyzed; all populations have the same weight in this analysis 

regardless of their sample size. This problem was overcome by excluding from the 

analysis populations with less than five individuals. When the analysis was carried out 

using teeth or sockets, less than 50 teeth/sockets meant exclusion of the population from 

the comparative sample. These cut points were arbitrarily defined.  

Finally, the third approach shows graphically the temporal trends of each 

indicator of health using prevalence or severity in the y-axis and years before present in 

the x-axis. The advantages of this approach are the same of the second one: It shows 

graphically the position of Lagoa Santa in a scatter plot graph. Moreover, a Pearson 

regression is applied using years before present as the independent parameter and 

prevalence of the skeletal marker as the dependent one. The shortcoming of this approach 

is the few populations dated to older than 5000 yr. BP. As the populations are 

concentrated in the recent 2000 years, the assumptions of the regression are broken. 
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Indeed, the dispersion of data is much bigger in more recent populations than in older 

ones. As an additional statistical test, the two oldest populations from the comparative 

sample (Santa Elena, Ecuador and Windover, Florida) were statistically compared to 

Lagoa Santa’s prevalence or severity.     

General methodology 
 

 This investigation intends to understanding different aspects of health of Lagoa 

Santa between 10,000 and 7,000 yr. BP comparing it with the WHP database. Separate 

analyses for each group of osteological markers was applied, since each osteological 

marker might indicate completely different aspects of human behavior. Steckel and 

colleagues (2002b:79) showed that the correlation of each osteological marker with the 

general index of health is moderate to low, supporting the relative independence of these 

markers.  

Control of sex and age is crucial for the proper interpretation of the skeletal 

indicators of health. In this study, independent analyses of sex and age differences were 

carried out for each osteological marker. The WHP database provides sex and age for 

each individual, allowing the direct comparison with Lagoa Santa sex and age subgroups. 

Unfortunately, Lagoa Santa sample size did not allow finer subdivisions of the sample 

such as separation by sex within group ages. Accordingly, the analyses of sex and age 

were carried out independently. Sex was divided into two categories: 1) males, and 2) 

females. Sex estimation in the WHP database was divided into “certain” and “uncertain.” 

These categories were treated as a single type. For example, an individual classified as 
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“male, uncertain” was considered male. In this investigation, age was divided into four 

categories: 1) under 20.00 years old; 2) from 20.00 to 34.99 years old; 3) from 35.00 to 

49.99; 4) over 50.00 years old. Each skeletal indicator of health was analyzed using at 

least two of these age groups. In some cases the Lagoa Santa sample size precluded the 

inclusion of over 50 year old individuals (e.g., caries), while in other cases the skeletal 

indicator was not recorded in subadult individuals (e.g., DJD). Some skeletal indicators 

utilized only two age groups: subadults and adults (e.g., trauma). Subadults referred to 

individuals with less than 20 years old, while adults referred to individuals with more 

than 20 years old. No analyses separating skeletons in social status groups were carried 

out in this investigation. First, there is no theoretical reason to expect substantial status 

differentiation in early Holocene hunter-gatherers. Second, there is no work approaching 

status differences in Lagoa Santa, mostly because of the lack of archaeological evidence 

of status such as elaborate grave goods. 

 The level of dependence on domesticated plants was divided in the WHP 

database into four levels: 1) no domesticates 2) some domesticates, 3) maize, potatoes, 

beans, squash, and 4) New and Old World mix. According to the scope of this 

investigation, only pre-Colombian populations were analyzed, restricting the database to 

the categories 1 through 3. In fact, each contributor to the WHP database classified 

his/her population in one of these categories. Indeed, these categories are not all or 

nothing types, showing instead a variation in degree between no domesticators (1) and 

intensive farmers (3). The category 2, for example, includes the word “some”, showing 

the subjectivity of these divisions. As a practical procedure, this investigation adopted an 
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arbitrary distinction between foragers and farmers. Foragers are represented by the 

category 1, while farmers are represented by the categories 2 and 3. In fact, the range of 

subsistence strategies is more like a continuum than a discrete unit. On the other hand, 

changes in the mode of food production can trigger a series of rapid and radical social 

changes. The use of only two categories (foragers and farmers) has the advantage of 

simplifying the analysis and increasing the sample size within each category. As a 

downside of this analysis, the classification of the populations in modes of subsistence 

was made more than 10 years ago, when evidence of domestication might not be found in 

these populations. Recently, new methods of paleobotanic are able to identify early 

domesticates through micro and macro elements. To deal with these shortcomings, 

central tendencies and variation were utilized in this study. In fact, variation within 

subsistence strategies is a key element to deal with broad analytical categories.  

Domestication of animals was not used here to distinguish farmers and foragers. 

Nonetheless, there is a strong connection between plant and animal domesticates in the 

WHP database, even though this link is not perfect. Among the 35 prehistoric 

populations, there are only 4 exceptions. Coastal Chile (MR1) and Real Alto, Ecuador 

(rea) are foragers who domesticated animals, while Coastal South Carolina (201) and 

Coastal Brazil (LNC) are farmers who did not domesticate animals (Table 5.7). In these 

cases, plant domestication was the criterion to define subsistence strategy.                 

 In this study, the data from Lagoa Santa were reported in three different ways: 

APA-karst, Santana do Riacho and Lagoa Santa. The first two represent two distinct 

groups based on the geographical position of the archaeological sites. Santana do Riacho 
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is located at 60 kilometers to northeast of the APA-karst region. The latter group named 

Lagoa Santa represents the total early Holocene sample of Lagoa Santa (APA-karst plus 

Santana do Riacho). Lagoa Santa is the only sample compared with the WHP database, 

since it comprises the total sample analyzed here. The distinction between APA-karst 

versus Santana do Riacho intends to provide data to researchers who work in just one of 

these two geographic regions. In fact, their comparison is not the focus of this work. In 

addition, Santana do Riacho is a single site, while APA-karst comprises many sites in a 

larger geographic area, creating problems for a direct comparison of these regions. The 

data of Santana do Riacho has an additional role in this investigation, since this collection 

was subject to the Ph.D. dissertation of Silvia Cornero (2005). Indeed, an inter-observer 

comparison was carried out for some skeletal indicators. Unfortunately, differences in the 

way the data was reported did not allow a direct comparison for all the osteological 

markers. Due to time constrains, intra-observer comparison was not undertaken in this 

investigation. 

Inter-observer error 
 

 Inter-observer analysis is very important in this investigation since data 

collected by different authors were compared. Few studies have addressed this problem 

regarding osteological markers of health. Reliability of caries scores was tested by 

Rudney and colleagues (1983), concluding that visual inspection of caries is very 

consistent between observers. In fact, the lack of agreement occurred when clinical 

methods of examination (radiographies and explorers) were employed. In turn, Liebe-
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Harkort and colleagues (2011) stressed the importance of observer experience to the 

correct diagnosis of caries. Regarding porotic hyperostosis and cribra orbitalia, Jacobi 

and Danforth (2002) reported a good agreement between subjects in terms of presence 

and absence of the lesion. In fact, the correct diagnosis of the lesion presence was more 

accurate than scoring the absence of the lesion. On the other hand, degree of affection 

and healing lesion analyses obtained low degrees of agreement. Danforth and colleagues 

(1993) reported high inter-observer errors for scoring presence of linear enamel 

hypoplasias (LEH). In turn, good agreement between observers was achieved regarding 

size and location of the LEH. The authors suggested a clearer definition of the threshold 

for marking LEH as present. For them, the low reliability of the LEH scores was due to 

the small size of the enamel defects. In contrast, Goodman and colleagues (1987) reached 

a high degree of intra-observer reliability. However, both observers had a period of 

training in recognizing the enamel defects.  

The WHP provided a standardized score system which aimed to avoid the pitfalls 

of inter-observer error. Furthermore, the project used a simplified score system, 

decreasing the chances of low agreement between observers. Miller and colleagues 

(1996), for instance, reported that basic disease categories reached higher reliability than 

specific pathological diagnosis. In this sense, the simple and standardized scoring system 

of WHP was an efficient manner to deal with inter-observer error. In this investigation, 

direct comparison with Cornero (2005) scores was carried out only for LEH and caries, 

since the other markers were not analyzed under the same methodology. Qualitative 

comparisons were undertaken for infections, trauma and femur length.    
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Oral health and diet 
 

The WHP database provided five categories of data for each individual regarding 

oral health indicators: number of teeth observed, ante-mortem tooth loss (AMTL), 

number of teeth affected by caries, number of sockets observed, and number of sockets 

with abscess. These same data were collected for Lagoa Santa. This investigation uses the 

definition of caries of Steckel and collaborators (2006) in which the “carious lesion is 

‘present’ if a stained, irregular walled cavity is evident from visual inspection.” From the 

same source “Abscess are recognized by a clear drainage passage in the alveolar bone 

leading from the tooth root(s) to the external surface of either maxilla or mandible.” 

These definitions are comparable with the ones used in Steckel and colleagues (2002b) 

for the WHP. The prevalence of caries in this work was calculated as the number of teeth 

affected by caries divided by the total number of teeth examined. The prevalence of 

abscesses was calculated as the number of sockets affected by abscesses divided by the 

total sockets examined. Regarding the prevalence of abscesses, a distinction was made 

between the minimum and the maximum prevalence of abscesses in Lagoa Santa. The 

minimum value refers to a clear drainage passage in the alveolar bone, and the maximum 

one also includes cases in which there is a clear presence of an apical granuloma or cyst 

(sensu Dias and Tayles, 1997), even though a drainage passage was not observed due to 

taphonomic breaks of the alveolus. These taphonomic breaks occurred mostly in the 

anterior dentition in Lagoa Santa. Although the sinus was not clearly observed in these 

cases, the author believes that the majority of the cases had a sinus before the taphonomic 
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break. It is complicated to affirm whether the sample of WHP reported the minimum or 

maximum prevalence of abscesses, since the definition of abscess of the WHP did not 

mention the possibility of taphonomic breaks. No lens was used to score these 

pathologies. In some cases, an explorer was used to differentiate cavities from natural pits 

in the enamel. 

In this study, AMTL was scored present when the alveolus was completely 

resorbed, aiming to differentiate antemortem from postmortem tooth loss. Reviewing the 

data of the WHP, it was realized that some authors seemed to incorporate the sockets 

with AMTL in the total number of sockets examined for abscesses. On the other hand, 

other authors seemed to exclude the sockets with AMTL from the total number of sockets 

examined. This difference might be due to the stage of remodeling of the socket. Sockets 

which had a tooth recently lost would allow the visualization of an eventual abscess, 

while sockets completely resorbed would not allow this visualization. It poses a problem 

for the calculation of prevalence of abscesses in the WHP database, because there is no 

reliable denominator for prevalence calculation. In terms of the WHP goals, it is not a big 

issue, since the AMTL number is used only as a correction factor for the prevalence of 

caries. However, for the goals of this investigation, it precludes the use of prevalence of 

AMTL. Accordingly, AMTL was calculated in Lagoa Santa by sex, age, tooth type, and 

archaeological site, but these values are not compared with the WHP database. AMTL, 

prevalence was calculated using individual and alveolus as unit. The individual analysis 

only considered individual mouths with at least 10 alveoli examined. 
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Tooth wear was scored in this investigation using the Smith method, which 

consists in 8 categories of wear from 1 to 8 (Smith, 1984). This scoring method was 

selected because it allows an assessment of wear for all tooth types (anterior and posterior 

dentition). The mean wear was calculated by sex, tooth type, age, and archaeological site. 

Tooth was used as unit of analysis. As the WHP did not collect data regarding tooth wear, 

this investigation analyzes the data only within the Lagoa Santa sample. 

Two separate analyses were undertaken in this investigation regarding dental 

markers. First, analysis using tooth or alveolus count consisted in summing all the teeth 

or alveolus of the Lagoa Santa collection into a single sample. Regarding the analysis of 

the WHP database, populations which were represented by less than 50 teeth or alveolus 

were excluded of the analysis. Second, analysis using individual as unit considered a 

mouth affected when it contained at least one cavity or abscess. To be eligible to this 

individual analysis, the individual needs to have at least 10 teeth or alveolus in the mouth. 

As an arbitrary limit, populations with less than five individuals were excluded from the 

analysis. The sex and age analyses were undertaken using only the tooth count. In 

addition, when the data was controlled for sex, no age control was undertaken. This 

strategy was chosen to maximize the sample size. 

An additional analysis was carried out reporting the prevalence of caries by tooth 

type, dental tissue affected and position, whereas the abscesses were reported only by 

tooth type. In the case of caries, the dental tissue affected was accessed through six 

categories: Enamel-shallow, enamel-deep, dentin, cementum, multiple tissues, and 

exposed pulp. Although these categories were not a direct assessment of cavity size, the 



 

171 

 

latter two types represented the most accentuated cases of caries. The difference between 

enamel-shallow and enamel-deep is not a quantitative distinction. In deep caries dentine 

is identified at the bottom of the cavity, while in shallow caries the bottom of the cavity 

consists in enamel tissue. Position of caries was accessed through six categories: Gross, 

occlusal, approximal, root/CEJ, buccal (labial)/lingual, and multiple surfaces. Gross 

caries are large cavities in which is not possible to identify the initiation spot of the 

caries. The “multiple surfaces” category refers to teeth showing cavities in more than one 

surface. The prevalence of caries by position and dental tissue affected was calculated 

using the number of carious teeth rather than the total of teeth examined. An additional 

analysis calculated the percentage of teeth with pulp chamber exposed either by caries or 

tooth wear. Analyses of caries and abscess were calculated for males and females as well. 

These data were not compared with the WHP database because it did not contain this 

level of detail.         

 In the WHP database, site Wr3 collected by Walker showed 22 individuals out 

of 35 with problems of consistency regarding caries data. In these 22 cases, the number 

of carious teeth is larger than the number of teeth. As a conservative strategy, caries data 

from the site were excluded from the analysis. The same problem was observed in the 

individual 9 of the site J73 collected by Marquez and in the individual 7 of the site AZ1 

collected by Arriaza. As these cases were single occurrences, only the individuals 

showing the error were excluded from the analysis.  

 Some problematic cases were also detected for abscess in the WHP database. 

First, the data collected by Arriaza do not contain number of alveoli. For this reason, the 
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two populations collected by him were not analyzed here. Second, data collected by 

Marquez and Neves showed 4 and 5 inconsistent cases, respectively. These individuals 

are reported with more abscess than sockets examined. As no systematic error was 

detected, just the inconsistent individuals were excluded. These are the excluded 

individuals: site C02, individuals 126, 279 and 298; site TL4, individual 196; site QUI, 

individual 674; site SPR, individual 1904A; and site STI, individuals 1862, 2701 and 

13157. Third, data collected by Walker showed systematic error in having higher number 

of abscesses than sockets examined in 134 individuals. Two sites were especially 

affected: W43 and W38, having their sample size dropped to 71 and 24 individuals, 

respectively. As a conservative strategy, both sites were excluded from the analysis. The 

other three sites affected by this kind of mistake were kept in the analysis, but individuals 

with inconsistent data were excluded. 

Degenerative joint diseases (DJD) 
 

 Degenerative Joint Disease (DJD) was scored according to the description of 

Steckel and colleagues (2006) “The physical manifestation of pathology is most 

commonly marginal (osteophytic) lipping. In severe form, the articular surface can be 

pitted and/ or polished (eburnation), and ultimately destruction of the joint surface” 

(p.31). In this present investigation, six different regions of the skeletons were used 

according to the division made in Steckel and colleagues (2002). These skeletal regions 

are: shoulder and elbow (SE), hip and knee (HK), wrist, cervical, thoracic, and lumbar 
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vertebrae. The first two categories were scored from 1 to 4
15

 in the most affected side. 

The meaning of the score is: 1) No DJD, 2) initial osteophyte or deterioration of the joint, 

3) Major formation and/or destruction of the joint such as eburnation, 4) immobilization 

of the joint not related to trauma. The average severity for each population was calculated 

as the sum of the individual scores divided by the number of individual. The average 

severity 1 means that all the individuals were not affected by DJD. The average severity 4 

means that all the individuals were affected by the maximum expression of DJD. The 

wrist joint was scored for presence and absence of DJD. In turn, vertebral DJD were 

scored separately for each kind of vertebra (cervical, thoracic and lumbar). The scoring 

system ranged from 1 to 4, being defined as followed: 1) No lesion, 2) initial osteophyte 

formation, 3) extensive osteophyte formation, and 4) two or more vertebrae fused 

together. Severity of the lesions in the vertebrae was calculated in the same way that SE 

and HK DJD.  

   The following criterion was used by Steckel and colleagues (2002b) for 

inclusion of vertebrae in the WHP database: At least two vertebrae need to be present for 

cervical and lumbar types, while at least four vertebrae need to be present for the thoracic 

type. Regarding the limb joints, this investigation only scored joints possessing at least 

75% of the surface preserved, even though the WHP methodology omitted this topic in 

its methodology. The same was applied for the vertebrae. Only vertebrae with at least 

75% of the rim preserved in one of the sides were included in the sample. As the WHP 

                                                 
15

 The category 5 is described as systemic degenerative disease (rheumatoid arthritis, alkaptonuria, etc.). 

However, it was not recorded in either the WHP database or the Lagoa Santa collection. Accordingly, this 

category was excluded from the analysis.  
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database uses individual as unit, it was not possible to include isolated bones from Lagoa 

Santa in the comparative analysis. The only anatomical part allowing the inclusion of 

isolated bone was the wrist joint, since only the distal joint of the radius was scored for 

DJD. Accordingly, 16 isolated distal epiphyses of the radius were added to the individual 

skeletons of Lagoa Santa. Right radius was used to avoid counting the same individual 

twice. Moreover, there are more right than left radiuses in the Lagoa Santa collection. 

The only two exceptions occurred in the Lapa Mortuaria and Lapa da Amoreira remains, 

in which the left radiuses were more prevalent. Therefore, 2 left and 14 right radiuses 

were added to the sample, totalizing 16 isolated bones. 

 The WHP database includes many instances of DJD in juvenile skeletons. In 

this investigation, however, only individuals above 19.99 years old were included in the 

sample. For this reason, the individual SR1-SepVa from Santana do Riacho was excluded 

of the Lagoa Santa sample, since its estimated age was 19 years old. In fact, all the 

subadults of Lagoa Santa were excluded of the DJD analysis. In the WHP database, some 

of the individuals do not show estimated ages. In the case these individuals had sex 

estimation they were considered adults and included in the DJD analysis. Individuals 

with no sex and age estimation were excluded of the sample. 

 An additional analysis was undertaken using isolated fragments of bone, 

increasing considerably the sample size. In this sense, it was possible to examine with a 

larger sample the sex differences for each joint. The WHP database merged the shoulder 

and elbow (SE) and the hip and knee (HK) into a single index. Using isolated bones, it 

was possible to investigate these joints separately, including the ankle joint in the 
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analysis. As this isolated bone analysis could potentially score the same individual twice, 

only the right side was scored. This choice was based on the facts that the right side was 

more affected than the left side by DJD, and also the right side had more bones than the 

left side in the Lagoa Santa collection (data not shown). The use of joint as the unit of 

analysis posed an additional complication. Joints were scored when at least one bone with 

more than 75% of its joint surface was present. However, these bones could be, for 

example, tibia and femur of the same individual. Using isolated bones, the same joint 

might be counted twice. Calculating the DJD prevalence for each bone (data not shown), 

the humerus was the most affected bone for the elbow joint, while the femur was the 

most affected bone for the knee joint. It should be mentioned that only long bones were 

surveyed in this investigation for isolated bones. Wrist, ankle, shoulder and hip joints 

were only scored when the distal radius, distal tibia, proximal humerus and proximal 

femur, respectively, were present. These isolated bones, therefore, were chosen as 

representatives of the whole joints, avoiding counting twice the same individual. We do 

not believe that this choice biased the analysis because these bones were the most 

affected in the Lagoa Santa collection. Regarding isolated vertebra analysis, hardly the 

same vertebra is counted twice. DJD in the limbs and in the vertebral column were 

analyzed using prevalence (presence/absence) and severity (degrees 1 through 4). 

Mobility 
 

 Mobility is inferred in this work through measurement of the external 

dimension of the midshaft femur. Although it is not the ideal marker of mobility, since it 
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does not consider the internal geometry of the bone, external dimensions are 

approximations of the cross-section geometry of the bone (Stock and Shaw, 2007). 

Femoral shape (FMS) was used in this investigation, being calculated as FMS = Tap/Tml, 

letting Tap be the anteroposterior diameter at the femur midshaft and Tml the mediolateral 

diameter at the femur midshaft. High values of FMS mean that the shape of the external 

midshaft femur is more oval than circular, indicating a strong action of hamstring 

muscles at the back of the thigh. Individuals with high activity patterns are expected to 

have higher FMS values. This index was calculated separately for males and 

females. Furthermore, the percent of sexual dimorphism was calculated using the 

following formula: (( male –  female)*100)/  female. The result of this formula is in 

percentage. Negative numbers mean that females show higher values than males, while 

positive numbers mean the opposite.  

 The Lagoa Santa collection is represented by a large number of isolated long 

bones. The only way to infer sex of these bones was through the application of 

discriminant functions to linear measurements of the epiphyses, which were used as a 

proxy to body mass. It was assumed that large body mass is typical of males, while low 

body mass is typical of females (see Appendix A). This method of sex estimation does 

not bias the sexual dimorphism analysis, sincethe index used in this work is shape related. 

For example, if males have more body mass and less mobility than females, FMS values 

would be larger in females because this index is independent of body mass.  

In the WHP the left femur was used preferentially to calculate the index, even 

though the right femur was utilized in the case the left one was missed. In Lagoa Santa 
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the same criterion was adopted, even for collections which are not divided by individuals 

such as the Harold Walter collection. In this latter case, only femurs from the left side 

were counted, since the left femur is represented by 15 bones compared to 13 right 

femurs.  

Trauma 
 

 Steckel and colleagues (2002b:91) recommended scoring trauma only when 

there is some degree of healing, since taphonomic processes might be confused with 

actual trauma. However, they observed that some perimortem traumas were not caused 

by taphonomy, recommending that in these cases trauma should be recorded. In this 

investigation, two cases of perimortem trauma in the vault provided evidence of a lethal 

blow in the skull (see Appendix B). Accordingly, these two cases were included in the 

trauma analysis. The WHP uses the term trauma in a generic sense, not recording its 

multiple forms. For example, Steckel and colleagues (2002b) stated that any form of 

surgery should be scored as a trauma. However, their scoring system employed the term 

fracture, which does not imply dislocations. In this study, there is one case from Santana 

do Riacho (SR1-SepIX) in which a possible sprained ankle with evidence of ligament 

ossification was found. Because no fracture was detected, this case was not included in 

this investigation. 

 Six categories of trauma were analyzed in this work: 1) arm; 2) leg; 3) nasal; 4) 

face; 5) skull vault; and 6) hands. These categories are the same used in the WHP 

database (Steckel et al., 2002b:91). A seventh category called weapon wounds was not 
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analyzed here, since it was not explicitly defined in Steckel and colleagues (2002b). In 

Lagoa Santa, for example, traumas caused by blunt instruments might be scored as 

weapon wounds, even though they do not have a distinct weapon mark (e.g. axe mark). 

Depressions in the skull might be caused by rocks, sticks, clubs, among other 

instruments. As there is no description of traumas in the WHP database, anatomical 

position seems to be a better way to interpret trauma in this study. Walker (1997) 

observed that the head is the main target of violence in modern societies, working as a 

model to interpret traumas in past populations. In this study, traumas in the head were 

interpreted as interpersonal violence, while traumas in the post-cranium were interpreted 

as accidental injuries.  

In the WHP database, traumas in the arm and leg were scored in four categories, 

referring to the degree of alignment of the long bones. Here, a simpler analysis was 

carried out using only presence and absence of the fracture. This simpler scoring system 

intends to facilitate the analysis and interpretation of the results. The criteria of inclusion 

of individuals in the WHP database consisted in the obligatory presence of the humerus 

and one bone of the forearm (radius or ulna) for the arm category, and the femur and 

either tibia or fibula in the case of the leg category (Steckel et al., 2002b:91). However, 

the criteria of individual inclusion were not clear on the completeness and laterality of the 

long bones. As a Lagoa Santa collection is characterized by highly fragmentary bones, 

this investigation added to the WHP inclusion criteria the necessary presence of at least 

50% of the long bone to be included in the analysis. In order to increase the sample size, 

left and right bones were used to reach the 50% mark. In the case of forearm and lower 



 

179 

 

leg, which are represented by two different bones, both long bones were used to reach the 

50% criterion. For example, if the skeleton contains 25% of the right humerus, 25% of 

the left humerus, 25% of the right ulna, and 25% of the left radius, this individual will be 

included in the arm analysis. Regarding vault, face and nasal bones, at least 50% of the 

anatomical region has to be present to be included in the analysis. Finally, an individual 

hand was included in the analysis using a subjective criterion in which at least some 

complete bones must be present. Usually, the Lagoa Santa individuals do not contain 

many hand bones. Therefore, the prevalence of trauma in the hands should be interpreted 

as a minimum prevalence. 

 The six anatomical regions were analyzed by sex and age. Individuals were 

divided into adults and subadults, using 20 years old as an arbitrary cut point. In the WHP 

database, if the individual was not aged but was sexed, this individual was considered an 

adult.  

 An analysis of isolated long bones was carried out to increase the sample size 

and to investigate the prevalence and severity of infections for each type of long bone. In 

addition, sex comparison was undertaken since isolated bones were sexed using epiphysis 

length. The long bones examined were humerus, ulna, radius, femur, tibia and fibula. In 

this analysis both right and left sides were utilized, since bone was the unit of analysis. 

To avoid counting the same bone twice, only bones with 50% or more of preservation 

were included in this analysis.               
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Infections 
 

 Bone infections are described as “The reactive area of bone elicits bone 

production by stimulating osteoblasts lining the periosteal and endosteal membrane. The 

resulting lesions often feature irregular elevations of the bone surface with or without 

cortical thickening” (p.30).  Ortner (2003:206) described the lesion as the appearance of 

woven bone on the bone surface, which is characterized typically by porosity and bone 

deposition in irregular orientation and distribution. Osteomyelitis is characterized as bone 

infection involving the marrow (Ortner, 2003:196). The scoring system adopted here 

comes from Steckel and colleagues (2002b). The tibia is the most common site of 

infection, and for that reason it was scored separately. There are four degrees of severity 

for infections in the tibia: 1) no infection, 2) less than one quarter of the tibia infected in 

small patches of the surface, 3) moderate lesion involving less than one half of the tibia, 

4) Severe infection affecting more than a half of the bone, including bone infections with 

marrow involvement (osteomyelitis).  The mean severity for each population was 

calculated dividing the sum of individuals scores by the total number of individuals 

examined. Accordingly, the severity 1 indicates lack of infection in all individuals, while 

the severity 4 indicates maximum expression of infection in all individuals. 

Only individuals with at least one tibia present were included in the analysis. This 

criterion is not clear about the completeness of the tibia. As in Lagoa Santa collection the 

majority of the bones are fragmentary, only tibias with at least 50% of the bone preserved 

were included in the analysis.  In addition, 21 isolated tibiae with at least 50% of the bone 
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preserved were added to the Lagoa Santa sample. Only right tibias were included in the 

Lagoa Santa sample, guaranteeing that individuals were not counted twice. Isolated left 

tibias of subadults were also included in the Lagoa Santa sample, since the left side was 

found in larger number (n=5). One right isolated tibia probably belonging to an 

individual between 20 and 35 years old was included in the infection analysis by age. 

Steckel and colleagues (2002b) stated that every periosteal lesion should be scored unless 

there is a suspicion of infection caused by trauma. In fact, once a trauma is identified the 

infection is immediately excluded of the analysis. In this sense, non-specific infections 

can be interpreted as the result of action of microorganisms such as Staphylococcus sp. 

and Streptococcus sp. Nonetheless, non-detected minor traumas might be causing 

infections without producing a visible bone fracture. The WHP did not differentiate 

active from healed lesions intending to keep the simplicity of the scoring system. This 

differentiation was not made here as well. In Lagoa Santa there are two cases of 

maxillary sinus infections caused by abscesses in the superior dentition. Although the 

WHP scoring system is silent about this kind of infection, they were excluded from the 

analyses because they were already counted in the oral health analysis. 

 Infections in the remaining of the skeleton were scored as either present or 

absent. Presence is scored when one bone other than tibia is affected by infection, 

regardless of its severity. Accordingly, this kind of infection is considered a localized 

lesion. Another category recorded in this investigation is the systemic infection. Presence 

is scored when more than one bone is affected by infection, including the tibia. It is 

important to highlight that localized and systemic infections are mutually exclusive. 
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Systemic infections could be either specific diseases such as treponematosis and 

tuberculosis or non-identified diseases affecting multiple spots of the skeleton. The WHP 

scoring system did not specify the degree of completeness of the skeleton in order to 

include an individual in the sample. As Lagoa Santa collection contained many 

incomplete skeletons, this investigation required at least three long bones with more than 

75% of bone preservation in order to include the skeleton in the sample. This criterion 

assured that isolated bones were not computed as individuals. Steckel and colleagues 

(2006b) stated that only “major lesions of the major long bones are employed in the 

development of the index” (p.89). As skulls, ribs, vertebrae and pelvic bones are 

important to recognize systemic lesions, this investigation included these bones as 

potential sites for infection survey. The contributing authors to the WHP database also 

examined these bones, since in the same page of the previous quotation (p.89) the 

following sentence is found “Evidence of systemic infection involving any of the bones 

(including the tibiae) of the skeleton.” Finally, infections due to trauma were excluded of 

these categories as well.  

 An analysis of isolated bone was carried out to increase the sample size and to 

investigate the prevalence and severity of infections for each type of long bone. In 

addition, sex comparison was undertaken since isolated bones were sexed using epiphysis 

length (Appendix A). The long bones examined were humerus, ulna, radius, femur, tibia 

and fibula. In this analysis both right and left sides were utilized, since bone was the unit 

of analysis. To avoid counting the same bone twice, only bones with 50% or more of 
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preservation were included in this analysis. Both prevalence (presence and absence) and 

severity of infections (degrees 1 through 4) were investigated in this analysis. 

Infection versus trauma 
 

 Infections were only scored if they were not caused by trauma. However, this 

identification is not an easy task. In this study, three different types of cases need to be 

clarified regarding the distinction between trauma and infections. The first one is a case 

in which there is a clear sign of deformation or break in the bone. This sign could be a 

crack, a depression or an unaligned bone. These cases are usually associated with healed 

and unhealed infections. Here, this kind of case was scored as trauma and they were 

excluded from the infection analysis.  The second type refers to a callus or bump in the 

bone consisting of an active or partially healed infection. These cases do not show any 

sign of break or unaligned bone. In this work, these cases were scored as infections and 

they were not included in the trauma analysis. However, it is evident that they could be 

caused by a localized trauma, but the visual approach taken here precluded any positive 

diagnosis of trauma. The third type refers to bones with a bump or callus but with 

completely healed infection. These cases are the most difficult to interpret because there 

is no sign of break, unaligned bone or active infection. To keep the coherence of the 

present analysis, these cases were interpreted as healed infections instead of traumas. 

This choice was made because the morphology of the bone bump is similar to the second 

type described here (bump with active infection). The only difference is the lack of active 

infection. Since no x-rays images were used in this work, the morphological criterion 
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seems to be the most adequate. The methodological choice outlined above opens the 

possibility that localized infection might be in fact caused by trauma. In turn, the traumas 

were only scored when there is a positive diagnosis of their presence. Accordingly, 

trauma prevalence in this investigation is a minimum estimation. This methodology 

seems to agree with the idea that localized periosteal lesions are potentially caused by 

traumas. However, Ortner (2003:209) believes that infections are the most common cause 

to periosteal lesions. 

Stature 
 

 Stature was estimated in this work through the linear measurement of long 

bones. These bones were measured in millimeters using an osteometric board. The 

maximum linear length of the long bones was recorded for all bones, while the femoral 

bicondylar length was recorded for femurs. Only long bones with fusion of epiphyses 

were utilized in this investigation. The WHP database recorded the maximum femur 

length of adults. In addition, data collectors estimated stature using the most appropriate 

formula for their sample. Steckel and colleagues (2002b:86) suggested the use of 

Krogman and Işcan (1986) and Sciulli and colleagues (1990) stature formulae. 

Unfortunately, the actual formula utilized for each population was not published. This 

problem became serious by recent revisions of stature estimation methods published in 

the last twenty years. Sciulli and Giesen (1993) updated the formula of their previous 

article, including more than twice the number of skeleton previously used (171 

individuals). Moreover, an even more important revision was made by Raxter and 
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colleagues (2006), changing the method of calculation of skeletal height. Using a 

different measurement point for vertebrae and calcaneous height, they detected an 

underestimation of the living height using the traditional method of Fully (1956). In 

addition, they proposed a new correction factor for soft tissue, considering age changes in 

stature (Raxter et al., 2007). These changes affected directly the estimation of stature 

undertaken by Sciulli’s articles, since he used the Fully method. Sciulli and Hetland 

(2007) published new stature estimation for the skeletons of the Ohio Valley, 

incorporating these changes. In order to test the effect of these changes, the formulae of 

Sciulli and Giensen (1993) and Sciulli and Hetland (2007) was applied to the skeletons of 

Lagoa Santa, resulting in a 5 cm difference in stature (see Chapter 6 for details). In fact, 

Lagoa Santa analysis confirmed the underestimation of stature using the traditional Fully 

method.  

The biggest problem of the WHP database is that some of the authors used 

Sciulli’s old formula, while others used forensic formulae. Del Angel and Cisneros 

(2004), for example, reported a corrected version of Genovés (1967) method, mentioning 

that two authors used this formula to estimate stature in the WHP database (Storey and 

Marquez). The corrected formula of Genovés was applied to Lagoa Santa, resulting in a 

stature 3 cm larger than old Sciulli’s formula and 2 cm below the corrected Sciulli’s 

formula estimation. These results show that formulae derived from cadavers and from the 

traditional Fully method have consistent differences, even though these differences were 

partially corrected using the recent version of Fully’s method. The tibia formula from the 
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corrected Genovés method was not used here to estimate stature in Lagoa Santa, because 

the condyle-malleolus length measured by Genovés was not taken in Lagoa Santa. 

 In light of the previous discussion, it was detected a mix of forensic and 

skeletal derived formulae in the WHP database, resulting in stature underestimation of 

around 5 cm when using the skeletal formulae. This difference is larger than the 

difference between farmers and foragers of the WHP database. For this reason, this 

investigation is not using the stature provided in the database. Two strategies could fix 

this problem. The first solution is recalculating the stature of all the skeletons using 

appropriate formulae to each region of the Western Hemisphere. This solution would be 

great in the sense that body proportion varies substantially across populations, mostly 

occupying different latitudes. However, we do not have yet specific formulae to many of 

the regions of the New World. Auerbach and Ruff (2010) provided formulae appropriate 

for the Native Americans from US and Canada using the revised method of Fully. For 

Mexico area, they recommended the revised Genovés formula. A problem with their 

formulae is that they used only lower limb measurements, utilizing the femoral 

bicondylar length instead of the maximum femur length. In turn, the WHP database 

recorded only the maximum femur. An additional problem was the lack of specific 

formula to South American populations, which constitute a considerable proportion of the 

WHP database. Furthermore, the WHP does not provide information about body 

proportions that could be used to select the most appropriate regression formulae derived 

from other populations. For these reasons, this first solution was not employed in this 

investigation. 
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The second solution is using a single formula for the entire WHP database, 

estimating stature through the maximum femur length. This approach assumes that all the 

bone proportions of these populations are the same, which is a clear oversimplification. 

However, there is not enough information to apply specific formulae for each population. 

The formula used in these estimations is a subjective choice, since many formulae could 

be equally chosen. This work chose the formula of Sciulli and Hetland (2007) for two 

reasons. First, the formula allows the estimation of stature using all long bone 

measurements. As Lagoa Santa is characterized by incomplete individuals, these 

formulae allowed the stature estimation of 28 individuals instead of the 14 individuals 

containing complete femurs. The second reason is the similarity of crural and brachial 

indices of Ohio Valley and Lagoa Santa skeletons (see Chapter 6). In fact, Ohio Valley 

skeletons are similar to tropical populations in terms of body proportions (Sciulli et al., 

1991). 

 The stature estimation described above, however, has the shortcoming of 

comparing Lagoa Santa stature derived from different long bones with stature of the 

WHP skeletons derived only from femur. Accordingly, an additional analysis was applied 

in this study using only femur length. As Lagoa Santa collection contains only 14 

individuals with complete femurs, the sample size of this analysis is smaller. On the other 

hand, the same kind of long bone was compared. 

 The stature analysis used individual as unit. To avoid counting the same 

individual twice, the left side was used as suggested by Steckel and colleagues 

(2002b:86). In case the left side is absent, the right side is used instead. In the majority of 
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the cases, different long bones resulted in different stature estimations. In these cases, a 

simple average was calculated to obtain the final stature of the individual. The situation is 

more complicated in the remains from Harold Walter, Cerca Grande, and Lapa da 

Amoreira because of isolated long bones. In Cerca Grande collection, an attempt was 

made to separate the bones by individuals (Appendix D), grouping long bones from the 

same individual. In the case of Harold Walter and Lapa da Amoreira remains, in which 

no clue exists about individual skeletons, the long bone type with larger occurrence in the 

sample was used to estimate stature, making sure that only one side was included. These 

procedures aim to guarantee that one individual is not contributing twice in the stature 

analysis. The procedures described above were applied for the total population of Lagoa 

Santa and also separately for males and females, in order to maximize the sample size. 

The stature estimation of Sciulli and Hertland (2007) was carried out separately 

for males and females, based on specific formulae by sex. Individuals with no estimated 

sex had their stature estimated by both formulae (male and female), and the average 

stature was taken. The procedure was applied to skeletons of Lagoa Santa and WHP 

database. Following the suggestion of Raxter and colleagues (2007), the age at death was 

included in the formulae for all the cases. In the WHP database, individuals who were not 

aged but had their femur length collected received the age of 35 years old. The same was 

applied to the non-aged skeletons from Lagoa Santa. As the skeletons from Lagoa Santa 

were classified in age ranges, the middle-point of the age range was plugged in the stature 

formulae. 
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Crural and brachial indices were calculated to Lagoa Santa in order to investigate 

body proportions. Crural index is defined as: Maximum tibia length/Bicondilar femoral 

length, while brachial index is defined as: Maximum radius length/Maximus humeral 

length. An estimation of stature for each type of long bone was carried out to investigate 

the effects of the regression formulae on them.                 

Linear enamel hypoplasias 
 

 The linear enamel hypoplasias (LEH) were recorded in the WHP following this 

description: “…only linear grooves that can be clearly seen with the unaided eye under 

good illumination.” (Steckel et al., 2002b:87). The spaces where the Lagoa Santa 

skeletons were recorded varied from rooms with no windows to rooms with plenty of 

natural light. In the latter case, the amount of light also varied along the day. In order to 

unify the illumination in these places, two instruments were utilized in this analysis: an 

artificial source of white light placed above the table and a blue light of a pen. Both 

devices provided a constant and uniform source of light in an oblique direction to the 

labial plane of the teeth. In addition, only LEHs showing a clear indentation on the labial 

surface of the enamel through finger nail examination were scored (as suggested by 

Steckel et al., 2006:15). Teeth were not scored when more than 50% of the labial surface 

of the enamel was lost. These enamel loss can be caused by excessive tooth wear, 

taphonomic processes, or severe caries. Following the methodology of the WHP, 

permanent maxillary central incisors and permanent canines (maxillary and mandibular) 

were used in this investigation. Each tooth was scored in three levels of severity: 1) No 
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LEH, 2) One LEH, and 3) Two or more LEH. Only systemic LEHs were recorded. The 

definition of systemic LEHs consists in the presence of the same grooves in similar 

position in both right and left sides of the same tooth type. However, this rule was used in 

Lagoa Santa in a flexible manner, since there were many instances in which only one of 

the teeth was present in the mouth. Therefore, the systemic rule was applied here only 

when both sides were present. This method was applied in order to maximize the sample 

size analyzed.  

As the WHP database utilizes individual as unit, isolated teeth of Lagoa Santa 

were excluded of the analysis. In the case of superior central incisors, the teeth included 

in the analysis were associated with fragments of maxilla. Therefore, even in the Harold 

Walter collection which contains commingled bones, the chance of counting the same 

individual twice is very small since central incisors are found side by side. On the other 

hand, in the canine analysis there is a small chance of counting the same individual twice, 

since fragments of bone with one canine were included in the analysis. We believe that 

the chance of counting the same individual twice is very small, since many attempts were 

made to connect the alveoli with the teeth. In a situation where the mouth contains more 

than one canine, only the linear grooves present in all canines were counted. 

   In order to test the reliability of LEH analysis (intra-observer error), the 

results of this investigation were compared with Cornero’s (2005) results using the 

skeletons of Santana do Riacho. 

Cribra orbitalia and porotic hyperostosis 
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 “Porotic hyperostosis is a form of slight pitting or severe porosity…” (Steckel 

et al., 2006:13). These pitting can be found in the roof areas of the orbit or in the 

ectocranial surface of the vault (occipital, parietal and frontal). When the pitting is found 

in the orbit it is called cribra orbitalia. In turn, when it is found in the vault the lesion is 

called porotic hyperostosis. Steckel and colleagues (2002b:88) stated that “Scattered fine 

pitting of parietals and occipital, sometimes called porotic pitting, is not scored as 

positive.” This statement calls attention for the threshold between natural pitting and 

pathological pitting. Mann and Hunt (2005:22) defined porotic hyperostosis as “Small 

(0.5 mm) to large (2.0 mm) sieve-like holes involving the outer table and diploe 

accompanied by increased vault thickness…” This definition emphasizes both the vault 

thickness and the sieve-like lesion. They named this non-pathological pitting as 

ectocranial porosis, which is commonly found in occipitals, parietals and frontals near the 

bregma region typically in mid-aged adults. Lagoa Santa skulls fit very closely in the 

description of ectocranial porosis, since almost all the adult skulls showed porosity in the 

vault. If we consider these porosities as porotic hyperostosis, the prevalence of the lesion 

in Lagoa Santa adults would approach a hundred percent. Moreover, subadults did not 

show any porosity in the vault, which argues against the well accepted assertion that 

porotic hyperostosis manifests more intensely in subadults (Stuart-Macadam, 1985). For 

these reasons, ectocranial porosity was not recorded in this study.  

In some of the cases the ectocranial porosity in Lagoa Santa was characterized by 

small pores, whereas in other cases it showed larger ones, even though they were never 

associated with vault thickness. Future radiological studies might clarify whether there is 
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any alteration of the cranial plate in cases of larger porosity. The roof of the orbit, 

conversely, showed a completely different pattern. The normal bone surface of the orbit 

showed no porosity. When porosity was found, it was considered a pathological 

alteration. Distinction between healed and non-healed lesions was not used here, since the 

WHP database did not carried out this distinction. 

 In this study, individuals were classified in 3 degrees of affection: 1) No lesion, 

2) Presence of the lesion, and 3) Gross lesion. The individual was included in the analysis 

if at least one orbit for cribra orbitalia and one parietal for porotic hyperostosis were 

examined. Lagoa Santa was compared with the WHP database using the total sample, sex 

and age groups. Regarding age, individuals under 20 years old were considered 

subadults, whereas individuals with 20 years old or more were considered adults. When 

the age was not estimated in the WHP database, individuals with sex estimation were 

considered adults. The mean severity for each population was calculated dividing the sum 

of individual scores by the total number of individuals examined. The population severity 

1 indicates the absence of lesion in all individuals, while the population severity 3 

indicates presence of the most severe form the lesion in all individuals. 

  

Summary 
 

This chapter describes the Lagoa santa museum collection of MHN-UFMG 

(Harold Walter and Santana do Riacho collections), MNRJ and USP. These collections 

show different organizations, which depends on the accuracy of the excavation and the 
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system adopted for each curator. The collection of Santana do Riacho and USP are the 

only one with separation of individual skeletons, whereas the other collections are mostly 

composed of comingled bones. The total sample used in this investigation is estimated to 

be composed of 195 individuals dated to the early Holocene (10,000 to 7,000 yr BP) 

based on 32 direct dates on bones and teeth. Regarding the methods, Lagoa Santa is 

compared with the WHP database, which is composed of 5,733 skeletons from 36 

populations across the Americas. Univariate statistical methods are used to compare 

Lagoa Santa and the WHP database. Three main methodological approaches are 

undertaken in this investigation. First, a statistical comparison of the subsistence 

strategies means with Lagoa Santa values. Second, a graphic analysis of the position of 

Lagoa Santa value within the variability of subsistence strategies. Third, a temporal 

analysis is applied, showing the changes over time in the prevalence of each osteological 

and dental marker of health. Inter-observer error was tested in this work quantitatively for 

caries and LEH, comparing Santana do Riacho skeletal data collected by me and Cornero 

(2005). Finally, a description of methods of data collection and analysis were described 

for each osteological and dental marker of health and lifestyle.     
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Chapter 6 : Results 
 

This chapter describes the results obtained from the comparison of Lagoa Santa 

with the WHP database. The chapter is organized in seven sections representing different 

aspects of health and lifestyle analyzed in this investigation. These seven sections are oral 

health and diet, degenerative joint diseases, mobility (femoral midshaft shape), accidental 

injuries, infectious diseases, systemic stress during growth and development (stature, 

linear enamel hypoplasias, cribra orbitalia, and porotic hyperostosis) and interpersonal 

violence and warfare. After each of the sections a summary is provided with the main 

results obtained. Each section contains the analysis using the total sample of Lagoa Santa, 

followed by the analyses by sex and age group. When there is an analysis by isolated 

bone or tooth type, it is placed at the end of the section. The text is organized using the 

three statistical approaches adopted in this investigation. First, a statistical comparison 

between Lagoa Santa and the two subsistence strategies (hunter-gatherers and agricultors) 

is described. This comparison uses individual or tooth as unit. Second, a graphical 

analysis consists in the comparison of Lagoa Santa and the populations of the WHP 

database. This analysis is described by a box plot graph and tables summarizing the 

percentiles and the prevalence of the marker for each population analyzed. In addition, a 

statistical comparison is made between agricultors and hunter-gatherers of the WHP 

database. This analysis uses population as unit. Third, a temporal analysis is undertaken 
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using regression statistics. This analysis is described by a scatter plot graph and a 

regression line. In addition, Lagoa Santa is compared with the two oldest populations of 

the WHP database (osg and WIN). This structure is repeated within each section of the 

results.      

 

Oral health and diet 
 

Caries (tooth count)  
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using tooth as unit (χ
2 

= 1274.512, p<0.01). Using 

Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=59.281, p<0.01), while Lagoa Santa is significantly different from farmers 

(q=5.069, p<0.01) and hunter-gatherers (χ
2 

= 8.801, p<0.01; Table 6.1). 

 

 

Population Teeth 
Teeth 

affected 
% Significant 

Ag 35754 4084 11.42 Hg, LS 
Hg 26932 965 3.58 Ag, LS 

Lagoa Santa 917 72 7.85 Ag, Hg 

 

Table 6.1: Prevalence of caries using tooth as unit. 
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A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistence differ significantly in terms of caries prevalence using population as 

unit (Mw=32.000, p<0.01). The prevalence of caries in Lagoa Santa is 7.85%. This value 

is slightly above the median of the comparative sample. If the data are divided into 

subsistence strategies, the Lagoa Santa prevalence is between 50
th

 and 25
th

 of farming 

populations and above the 90
th

 of foragers (Table 6.2, Table 6.3 and Figure 6.1).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Caries 
 (tooth 
count) 

Total 33 0.603 0.728 2.090 7.710 10.660 18.222 28.432 

Ag 21 0.782 1.406 6.835 9.430 13.810 24.174 34.696 

Hg 12 0.400 0.487 0.905 2.850 5.465 7.666 . 

Caries 
(Individual 

count) 

Total 32 5.636 8.792 21.273 51.965 67.428 80.164 88.494 

Ag 21 16.742 17.834 48.865 63.920 70.225 84.058 94.126 

Hg 11 3.510 4.164 8.540 26.260 41.670 56.800 . 

 

Table 6.2: Percentiles of the prevalence of caries using tooth and individual as unit  
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Sitea Subsistence Years BP Teeth (N) 
Teeth 

affected 
% 

QUI Ag 1200 2255 806 35.74 
cop Ag 1125 498 126 25.30 

MON Ag 650 1474 290 19.67 
SUN Ag 750 1290 207 16.05 
CUI Ag 1850 1310 182 13.89 
co9 Ag 1125 2564 352 13.73 
PEA Ag 900 1274 157 12.32 
teo Ag 1625 333 39 11.71 
201 Ag 600 5984 575 9.61 
TL2 Ag 3100 4155 397 9.55 

CHB Ag 700 2206 208 9.43 
XCA Ag 990 344 32 9.30 
AZ1 Ag 1175 995 90 9.05 
dol Ag 1050 677 61 9.01 
KIT Ag 2564 2150 167 7.77 
CO1 Ag 790 2542 196 7.71 
lib Ag 1835 1812 108 5.96 
J73 Ag 1350 558 25 4.48 
cot Ag 2278 2386 57 2.39 
lat Ag 2050 518 6 1.16 

LNC Ag 1200 407 3 0.74 
Continued 

a
101, 111, and 201 – Coastal South Carolina; AZ1 – Maitas Chiribaya, Chile; CHB – Chiribaya, Peru; CO1 

– Cholula, Mexico; co9 – Copán rural, Mayan; cop – Copán, Mayan; cot – Highland Ecuador; CUI – 

Cuicuilo, Mexico; dol – Dolores, Colorado; ESB – Estuquina, Peru; J73 – Jaina, Mexico; KIT – Kirian 

Treglia, Great Lakes region; lat – North Coast, Ecuador; lib – South Coast, Ecuador; LNC – Ceramic 

Coastal Brazil; LNP – Preceramic Coastal Brazil; MON – Monongahela, Great Lakes region; MR1 – 

Preceramic Coastal Chile; osg – Santa Elena, Ecuador; PEA – Pearson, Great Lakes region; QUI – 

Northern Chile; rea – Real Alto, Ecuador; SGB – San Geronimo, Peru; SUN – Sunwatch, Great Lakes 

region; teo – Tlatinga, Mayan; TL2 – Tlatilco, Mexico; W13, W38, W42, W43, and WO7 – Coastal 

Southern California; WIN – Windover, Florida; XCA – Xcaret, Mexico; Y1B – Yaral, Peru; APA= APA-

Karst Lagoa Santa; SR = Santana do Riacho; SR-C = Santana do Riacho collected by Cornero (2005); LS = 

Lagoa Santa 

Table 6.3: Caries prevalence for Lagoa Santa and the populations of the 

comparative sample 

 

 



 

198 

 

 

Site Subsistence Years BP Teeth (N) 
Teeth 

affected 
% 

rea Hg 4663 455 38 8.35 
W13 Hg 1625 5340 324 6.07 
LNP Hg 3000 2172 121 5.57 
WIN Hg 7400 2293 118 5.15 
W43 Hg 1359 2448 96 3.92 
W42 Hg 5250 3323 130 3.91 
101 Hg 1350 1174 21 1.79 

WO7 Hg 1075 4262 76 1.78 

osg Hg 7425 824 12 1.46 
W38 Hg 3852 2088 15 0.72 
111 Hg 1350 1305 9 0.69 
MR1 Hg 6015 1248 5 0.40 

APA Hg 8000 829 61 7.36 
SR Hg 9000 88 11 12.50 

SR-C Hg 9000 76 8 10.53 
LS Hg 8500 917 72 7.85 
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Figure 6.1: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using tooth as unit. The dotted line represents the Lagoa Santa prevalence. 

 

 

Among the 13 hunter-gatherer populations, Lagoa Santa is the second highest 

prevalence of caries, being only second to Real Alto, Ecuador (Table 6.3). There is a 

significant trend of increasing of caries over time excluding Lagoa Santa from the sample 

(R
2
=0.132, p=0.04). This trend is not statistically significant including Lagoa Santa in the 

sample (R
2
=0.07, p=0.67; Figure 6.2). This trend is likely associated with the 

predominance of famer populations late in the prehistory of the New World. Comparing 

Lagoa Santa with the two oldest populations available in the database (WIN and osg), 
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Lagoa Santa shows the highest caries prevalence. Using chi-square (N-1 adjusted) test, 

Lagoa Santa is significantly different from “osg” (χ
2
 = 38.635, p<0.01) and “WIN” (χ

2
 = 

8.608, p<0.01).  

 

  

 

   Figure 6.2: Temporal trend of caries prevalence using population as unit. 

 

Inter-observer comparison is undertaken between the data collected by Cornero 

(2005) and the author of this investigation (SR-C versus SR, respectively), using the 
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collection of Santana do Riacho. Chi-square (N-1 adjusted) test does not show any 

significant difference between the data (χ
2
 = 0.154, p=0.69).   

Males 

 

Using a test of comparison of three proportions for males, farmers, foragers and 

Lagoa Santa are significantly different using tooth as unit (χ
2
 = 443.645, p<0.01). Using a 

Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=32.177, p<0.01), while Lagoa Santa males are significantly different from 

agriculture (q=5.767, p<0.01) but similar to hunter-gatherers (q=1.660, 0.50<p<0.20; 

Table 6.4).  

 

 

Population 

Male Female 

Teeth 
Teeth 

affected 
% Sig Teeth 

Teeth 
affected 

% Sig 

Ag 13699 1660 12.12 Hg, LS 15142 2081 13.74 Hg 

Hg 8567 334 3.90 Ag 8777 412 4.69 Ag, LS 

Lagoa Santa 287 15 5.23 Ag 111 24 21.62 Hg 

 

Table 6.4: Prevalence of caries in males and females using tooth as unit.  

 

 

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistences differ significantly in terms of caries prevalence for males using 

population as unit (Mw=37.000, p<0.01). The caries prevalence in Lagoa Santa is 5.23% 
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for males. This value is between 25
th

 and 50
th

 of the total comparative sample of males. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is slightly 

below the 25
th

 of the farming populations and slightly above the 75
th

 of the foragers 

(Table 6.5, Table 6.6 and Figure 6.3).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Males 
 (tooth 
count) 

Total 32 0.241 0.626 3.725 6.740 10.733 22.742 31.914 

Ag 21 0.921 1.940 5.590 9.130 15.135 30.074 32.486 

Hg 11 0.000 0.074 0.530 4.520 5.060 9.960 . 

Females 
(tooth 
count) 

Total 32 0.124 0.746 3.440 8.150 13.800 20.183 35.936 

Ag 21 0.171 2.052 7.125 11.820 17.330 28.162 45.264 

Hg 11 0.190 0.252 1.320 4.860 6.980 9.844  

 

Table 6.5: Percentiles of the prevalence of caries in males and females using tooth as 

unit. 

 

 

Site
a
 Subsistence 

Years 
BP 

Males Females 

Teeth 
(N) 

Teeth 
affected 

% 
Teeth 

(N) 
Teeth 

affected 
% 

QUI Ag 1200 1120 365 32.59 854 401 46.96 

MON Ag 650 504 159 31.55 590 108 18.31 

cop Ag 1125 211 51 24.17 250 75 30.00 

SUN Ag 750 649 126 19.41 414 63 15.22 

co9 Ag 1125 868 136 15.67 1033 215 20.81 

CUI Ag 1850 637 93 14.60 545 76 13.94 

PEA Ag 900 397 57 14.36 422 79 18.72 

teo Ag 1625 196 21 10.71 104 17 16.35 
a
See Table 6.3       

      Continued 
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Table 6.6: Caries prevalence in males and females for Lagoa Santa and the 

populations of the comparative sample. 

Table 6.6 continued 

Site
a
 Subsistence 

Years 
BP 

Males Females 

Teeth 
(N) 

Teeth 
affected 

% Teeth (N) 
Teeth 

affected 
Teeth 

(N) 

XCA Ag 990 188 20 10.64 143 10 6.99 

TL2 Ag 3100 1643 163 9.92 1910 215 11.26 

KIT Ag 2564 745 68 9.13 1019 96 9.42 

dol Ag 1050 246 22 8.94 372 36 9.68 

201 Ag 600 1931 162 8.39 2405 309 12.85 

CO1 Ag 790 820 58 7.07 1116 81 7.26 

CHB Ag 700 844 56 6.64 1193 141 11.82 

AZ1 Ag 1175 498 28 5.62 441 59 13.38 

lib Ag 1835 756 42 5.56 724 55 7.60 

J73 Ag 1350 212 11 5.19 322 11 3.42 

LNC Ag 1200 231 8 3.46 176 0 0.00 

cot Ag 2278 767 12 1.56 857 30 3.50 

lat Ag 2050 236 2 0.85 234 4 1.71 

rea Hg 4663 149 16 10.74 161 14 8.70 

W13 Hg 1625 1580 108 6.84 1737 176 10.13 

LNP Hg 3000 1047 53 5.06 857 46 5.37 

W43 Hg 1359 620 30 4.84 521 33 6.33 

W42 Hg 5250 791 38 4.80 741 36 4.86 

WIN Hg 7400 930 42 4.52 759 53 6.98 

osg Hg 7425 303 7 2.31 378 5 1.32 

WO7 Hg 1075 1968 36 1.83 1965 33 1.68 

111 Hg 1350 375 2 0.53 518 1 0.19 

MR1 Hg 6015 541 2 0.37 601 3 0.50 

101 Hg 1350 263 0 0.00 516 10 1.94 

APA Hg 8000 279 15 5.38 76 16 21.05 

SR Hg 9000 8 0 0.00 35 8 22.86 

LS Hg 8500 287 15 5.23 111 24 21.62 
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Figure 6.3: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using tooth as unit. The dotted line represents the Lagoa Santa prevalence in males. 

 

 

Among the 12 hunter-gatherer populations (Table 6.6), Lagoa Santa males are the 

third highest prevalence of caries, being only below to Real Alto, Ecuador and Southern 

Coastal California (W13). Comparing Lagoa Santa with the two oldest populations 

available in the database (WIN and osg), Lagoa Santa shows the highest prevalence. 

However, using chi-square (N-1 adjusted) test, Lagoa Santa is not significantly different 

from “osg” (χ
2
 = 3.486, p=0.06) and “WIN” (χ

2
 = 0.248, p=0.62).  
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Females 

 

Using a test of comparison of three proportions for females, farmers, foragers and 

Lagoa Santa are significantly different using tooth as unit (χ
2
 = 499.981, p<0.01). Using a 

Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=34.009, p<0.01), while Lagoa Santa females are statistically similar to 

farmers (q=3.180, 0.10<p<0.05) but different from hunter-gatherers (q=7.959, p<0.01; 

Table 6.4).  

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistences differ significantly in terms of caries prevalence for females using 

population as unit (Mw=38.000, p<0.01). The caries prevalence in Lagoa Santa is 

21.62% for females. This value is slightly above 90
th

 of the total comparative sample of 

females. If the data are divided into subsistence strategies, the Lagoa Santa prevalence is 

between 75
th

 and 90
th

 of farmer populations and an outlier (more than 1.5 IQR above the 

median) for hunter-gatherers (Table 6.5, Table 6.6 and Figure 6.4).  
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Figure 6.4: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using tooth as unit. The dotted line represents the Lagoa Santa prevalence in 

females. 

 

 

Among the 12 hunter-gatherer populations, Lagoa Santa females are the highest 

prevalence of caries, being much higher than Real Alto, Ecuador (Table 6.6). Comparing 

Lagoa Santa with the two oldest populations available in the database (WIN and osg), 

Lagoa Santa shows the highest prevalence. Using Chi-square (N-1 adjusted) test, Lagoa 

Santa is significantly different from “osg” (χ
2
 = 63.244, p<0.01) and “WIN” (χ

2
 = 25.723, 

p<0.01).  
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Males versus females 

 

There is a significant difference between the caries prevalence of males and 

females in Lagoa Santa using the chi-square (N-1 adjusted) test (χ
2
 = 24.281, p<0.01). In 

addition, males and females show similar age means: 29.6 (n=23) and 28.6 (n=10) years 

old, respectively. Using a t-test, no statistical difference between the age means was 

detected (t=0.349, p=0.73). 

Under 20 years old age group 

 

Using a test of comparison of three proportions for under 20 years old individuals, 

farmers, foragers and Lagoa Santa are significantly different using tooth as unit (χ
2
 = 

12.917, p<0.01). Using a Tukey-type multiple comparison test, farmers are significantly 

different from hunter-gatherers (q=4.653, p<0.01), while Lagoa Santa individuals are 

statistically similar to farmers (q=1.902, 0.50<p<0.20) but different from hunter-gatherers 

(q=3.612, 0.05<p<0.025; Table 6.7).  

 

 

Population 

Under 20 20.00-34.99 

Teeth 
Teeth 

affected 
% Sig Teeth 

Teeth 
affected 

% Sig 

Ag 7766 350 4.51 Hg 13941 1565 11.23 Hg 

Hg 2713 84 3.10 Ag, LS 6039 266 4.40 Ag, LS 

Lagoa Santa 329 20 6.08 Hg 405 36 8.89 Hg 

 

Table 6.7: Prevalence of caries by age group using tooth as unit. 
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A Mann-Whitney of 2 independent samples shows that farmer and hunter-

gatherer subsistence do not differ significantly in terms of caries prevalence using 

population as unit (Mw=49.000, p=0.10). The caries prevalence in Lagoa Santa is 6.08% 

for individuals under 20 years old. Lagoa Santa prevalence is between 50
th

 and 75
th

 of the 

total comparative sample. If the data are divided into subsistence strategies, the Lagoa 

Santa prevalence is between 50
th

 and 75
th

 of farming populations and between 75
th

 and 

90
th

 of foragers (Table 6.8,  

Table 6.9  and Figure 6.5). 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Under 20 
(tooth 
count) 

Total 26 0.000 0.000 1.132 3.546 6.852 8.923 12.257 

Ag 16 0.680 0.952 1.956 4.223 7.548 9.944 . 

Hg 10 0.000 0.000 0.000 1.618 5.027 9.708 . 

20.00-34.99 
(tooth 
count) 

Total 30 0.000 0.813 2.466 6.895 9.560 16.678 26.757 

Ag 20 0.044 0.886 5.210 8.188 11.676 17.623 36.834 

Hg 10 0.000 0.081 1.725 3.852 6.882 7.135 . 

 

Table 6.8: Percentiles of the prevalence of caries using tooth as unit. 
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Site
a
 Subsistence 

Years 
BP 

Under 20 20.00-34.99 

Teeth (N) Teeth 
affected 

% Teeth 
(N) 

Teeth 
affected 

% 

QUI Ag 1200 290 39 13.45 1242 470 37.84 

dol Ag 1050 154 13 8.44 434 41 9.45 

MON Ag 650 484 38 7.85 588 104 17.69 

CUI Ag 1850 158 12 7.59 354 42 11.86 

SUN Ag 750 243 18 7.41 434 74 17.05 

201 Ag 600 1842 119 6.46 1914 181 9.46 

PEA Ag 900 504 27 5.36 518 69 13.32 

J73 Ag 1350 86 4 4.65 168 10 5.95 

CO1 Ag 790 369 14 3.79 1167 87 7.46 

TL2 Ag 3100 667 22 3.30 1540 152 9.87 

AZ1 Ag 1175 359 9 2.51 324 23 7.10 

lib Ag 1835 290 7 2.41 786 39 4.96 

cot Ag 2278 610 11 1.80 1366 39 2.86 

CHB Ag 700 293 4 1.37 1042 76 7.29 

co9 Ag 1125 842 9 1.07 387 43 11.11 

KIT Ag 2564 443 3 0.68 1177 105 8.92 

XCA Ag 990 . . . 93 6 6.45 

cop Ag 1125 . . . 67 0 0.00 

lat Ag 2050 . . . 195 2 1.03 

W42 Hg 5250 219 22 10.05 486 27 5.56 

LNP Hg 3000 75 5 6.67 990 68 6.87 

W13 Hg 1625 915 41 4.48 1257 87 6.92 

W43 Hg 1359 92 4 4.35 447 32 7.16 

WO7 Hg 1075 336 7 2.08 1403 30 2.14 

111 Hg 1350 347 4 1.15 330 0 0.00 

rea Hg 4663 147 1 0.68 78 4 5.13 

MR1 Hg 6015 210 0 0.00 372 3 0.81 

101 Hg 1350 224 0 0.00 443 9 2.03 

osg Hg 7425 148 0 0.00 233 6 2.58 

APA Hg 8000 261 13 4.98 391 32 8.18 

SR Hg 9000 68 7 10.29 14 4 28.57 

LS Hg 8500 329 20 6.08 405 36 8.89 
a
See Table 6.3 
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Table 6.9: Caries prevalence by age group for Lagoa Santa and the populations of 

the comparative sample. 

 

 

Figure 6.5: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using tooth as unit. The dotted line represents the Lagoa Santa prevalence in 

individuals under 20 years old. 

 

 

Among the 11 hunter-gatherer populations ( 

Table 6.9), under 20 years old individuals from Lagoa Santa are the third highest 

caries prevalence, being smaller than Coastal Southern California (W42) and Brazilian 

shell mounds (LNP). Comparing Lagoa Santa with the oldest populations available in the 

database (osg), Lagoa Santa shows higher prevalence. Using Chi-square (N-1 adjusted) 

test, Lagoa Santa is significantly different from “osg” (χ
2
 = 9.371, p<0.01). 
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20.00-34.99 years old age group  

 

Using a test of comparison of three proportions for 20-34.99 years old individuals, 

farmers, foragers and Lagoa Santa are significantly different using tooth as unit (χ
2
 = 

235.685, p<0.01). Using a Tukey-type multiple comparison test, farmers are significantly 

different from hunter-gatherers (q=23.882, p<0.01), while Lagoa Santa is statistically 

similar to farmers (q=2.088, 0.50<p<0.20) but different from hunter-gatherers (q=5.121, 

p<0.01; Table 6.7). 

A Mann-Whitney of 2 independent samples shows that farmer and hunter-

gatherer subsistences differ significantly in terms of caries prevalence using population as 

unit (Mw=42.500, p=0.01). The caries prevalence in Lagoa Santa is 8.89% for 20-34.99 

years old individuals. This value is between 50
th

 and 75
th

 of the total comparative sample. 

If the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

50
th

 and 75
th

 of farming populations and above 90
th

 of foragers (Table 6.8,  

Table 6.9 and Figure 6.6). 
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Figure 6.6: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using tooth as unit. The dotted line represents the Lagoa Santa prevalence in 

individuals between 20.00 and 34.99 years old. 

 

 

Among the 11 hunter-gatherer populations, Lagoa Santa prevalence is the highest 

value. Comparing Lagoa Santa with the oldest population available in the database (osg), 

Lagoa Santa shows higher prevalence. Using chi-square (N-1 adjusted) test, Lagoa Santa 

is significantly different from “osg” (χ
2
 = 9.573, p<0.01).  

Caries (individual count)  
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 230.098, p<0.01). Using a 
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Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=21.741, p<0.01), while Lagoa Santa is significantly different from hunter-

gatherers (q=4.610, p<0.01) but statistically similar to farmers (q=0.092, p>0.50; Table 

6.10).  

 

 

Population Ind (N) Ind. affected % Significant 

Ag 1520 941 61.91 Hg 
Hg 1048 331 31.58 Ag, LS 

Lagoa Santa 27 17 62.96 Hg 

 

Table 6.10: Prevalence of caries using individual as unit. 

 

 

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistence differ significantly in terms of caries prevalence using population as 

unit (Kw=27.000, p<0.01). The caries prevalence in Lagoa Santa is 62.96%. This value is 

between 50
th

 and 75
th

 of the total comparative sample. If the data are divided into 

subsistence strategies, the Lagoa Santa prevalence is slightly below the farmer’s median 

and above the 90
th

 of the foragers (Table 6.2, Table 6.11 and Figure 6.7). 
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Sitea Subsistence Years BP Ind. (N) Ind. affected % 

QUI Ag 1200 103 98 95.15 

SUN Ag 750 53 45 84.91 

CUI Ag 1850 62 50 80.65 

MON Ag 650 62 49 79.03 

TL2 Ag 3100 176 124 70.45 

cop Ag 1125 20 14 70.00 

XCA Ag 990 16 11 68.75 

co9 Ag 1125 99 67 67.68 

dol Ag 1050 27 18 66.67 

PEA Ag 900 53 34 64.15 

CHB Ag 700 97 62 63.92 

201 Ag 600 250 159 63.60 

teo Ag 1625 14 8 57.14 

CO1 Ag 790 109 59 54.13 

lib Ag 1835 77 41 53.25 

J73 Ag 1350 28 14 50.00 

AZ1 Ag 1175 44 21 47.73 

KIT Ag 2564 86 40 46.51 

cot Ag 2278 102 20 19.61 

lat Ag 2050 23 4 17.39 

LNC Ag 1200 18 3 16.67 

rea Hg 4663 24 14 58.33 

W13 Hg 1625 221 112 50.68 

LNP Hg 3000 96 40 41.67 

W43 Hg 1359 106 44 41.51 

W42 Hg 5250 141 51 36.17 

WO7 Hg 1075 179 47 26.26 

101 Hg 1350 51 7 13.73 

osg Hg 7425 32 3 9.38 

W38 Hg 3852 82 7 8.54 

111 Hg 1350 59 4 6.78 

MR1 Hg 6015 57 2 3.51 

APA Hg 8000 24 15 62.50 

SR Hg 9000 3 2 66.67 

LS Hg 8500 27 17 62.96 
a
See Table 6.3 

Table 6.11: Caries prevalence for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.7: Variability of caries prevalence for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa prevalence. 

 

 

Among the 12 hunter-gatherer populations, Lagoa Santa is the highest prevalence 

of caries, being higher than Real Alto, Ecuador. There is a significant trend of increasing 

of caries over time excluding Lagoa Santa from the sample (R
2
=0.238, p=0.01). This 

trend is not statistically significant including Lagoa Santa in the sample (R
2
=0.117, 

p=0.051, Figure 6.8). This trend might be associated with the predominance of faming 

populations late in the prehistory of the New World. In fact, Lagoa Santa deviates from 

this trend, being comparable to farming populations from the last 4000 years. Comparing 
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Lagoa Santa with the oldest population available in the database (osg) using chi-square 

(N-1 adjusted) test, Lagoa Santa has significantly higher prevalence of caries than “osg” 

(χ
2
 = 18.449, p<0.01).  

Analysis of caries prevalence by sex and age group were not carried out here 

because samples sizes dropped substantially using individual as unit.  

 

 

 
 

Figure 6.8: Temporal trend of caries prevalence using population as unit. 
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Caries (tooth type) 
 

 This analysis reports the prevalence of caries by tooth type using tooth as unit 

(Table 6.12 and Figure 6.9). The most affected teeth in the total sample of Lagoa Santa 

are the M3, followed by the M2 and M1. The anterior dentition is the least affected 

dentition. Comparing males and females, only M3 and M2 show significantly higher 

values in females than in males using Fisher Exact test and chi-square (N-1 adjusted test). 

However, looking at the total caries, females show statistically higher prevalence of 

caries than males. 

  

 

Tooth 
Type 

Total Males Females Males x 
Females 

(p) Teeth 
Teeth 

Affected 
% Teeth 

Teeth 
Affected 

% Teeth 
Teeth 

Affected 
% 

M3 83 17 20.48 29 4 13.79 14 8 57.14 <0.01* 

M2 124 20 16.13 40 2 5.00 15 7 46.67 <0.01* 

M1 160 14 8.75 39 2 5.13 17 3 17.65 0.13* 

PM2 118 6 5.08 40 2 5.00 13 2 15.38 0.25 

PM1 131 7 5.34 41 3 7.32 18 0 0.00 0.55 

C 114 3 2.63 40 1 2.50 15 1 6.67 0.48 

LI 95 4 4.21 32 1 3.13 12 2 16.67 0.18 

CI 90 1 1.11 26 0 0.00 7 1 14.29 0.21 

Total 915 72 7.87 287 15 5.23 111 24 21.62 <0.01* 

*Chi-square (N-1 adjusted, expected more than 1) 

Table 6.12: Prevalence of caries in Lagoa Santa by tooth type and sex using tooth as 

unit. 
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Figure 6.9: Prevalence of caries in Lagoa Santa by tooth type and sex using tooth as 

unit. 

 

 

Caries (position) 
 

This analysis reports the prevalence of caries by position using tooth as a unit 

(Table 6.13 and Figure 6.10). The most affected position in the total sample of Lagoa 

Santa is the occlusal surface, followed by the root/CEJ. The other positions show less 

than 10% of caries. Comparing males and females, no significant difference was detected 

using the Fisher Exact test (p=0.86)
16

. None of the chi-square (N-1 adjusted) tests 

accused significant differences between males and females for each position. However, a 

                                                 
16

 This test was applied using a heterogeneity test with 6x2 table and 5 degrees of freedom. 
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non-significant trend points to more root/CEJ caries in males and more multiple caries in 

females.  

 

 

Position 

Total Males Females 
Males x 

Females (p) Teeth 
Affected 

% 
Teeth 

Affected 
% 

Teeth 
Affected 

% 

Gross 7 9.72 1 6.67 2 8.33 0.85 

Occlusal 33 45.83 5 33.33 8 33.33 1.00 

Approximal 5 6.94 1 6.67 2 8.33 0.85 

Root/CEJ 19 26.39 7 46.67 7 29.17 0.29 

Buccal (Labial)/Lingual 5 6.94 1 6.67 2 8.33 0.85 

Multiple 3 4.17 0 0.00 3 12.50 0.16 

Total 72 100.00 15 100.00 24 100.00 0.86* 

*Fisher Exact test  

Table 6.13: Prevalence of caries in Lagoa Santa by position and sex using tooth as 

unit. 
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Figure 6.10: Prevalence of caries in Lagoa Santa by position and sex using tooth as 

unit. 

 

 

Caries (dental tissue) 
 

This study reports the caries prevalence by dental tissue using tooth as a unit 

(Table 6.14 and Figure 6.11). The most affected tissue in the total sample of Lagoa Santa 

is the enamel (shallow cavities), followed by caries which reached the pulp chamber. 

Comparing males and females, no significant difference was detected using the Fisher 

Exact test (p=0.052)
17

, even though the result is very close to the significant level. Chi-

square (N-1 adjusted) and Fisher Exact tests using 2 x 2 tables detected significant 

                                                 
17

 This test was applied using a heterogeneity test with 6x2 table and 5 degrees of freedom. 
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differences in caries in the cementum, with males showing higher prevalence. A non-

significant trend points to more exposed pulp chambers by caries in females than males.  

 

 

Surface 

Total Males Females Males x 
Females 

(p) 
Teeth 

Affected 
% 

Teeth 
Affected 

% 
Teeth 

Affected 
% 

Enamel – shallow 28 38.89 3 20.00 7 29.17 0.53 

Enamel – deep 10 13.89 3 20.00 4 16.67 0.79 

Dentin 3 4.17 1 6.67 1 4.17 0.73 

Cementum 11 15.28 6 40.00 1 4.17 0.01 

Multiple - no exposed pulp 2 2.78 0 0.00 2 8.33 0.51* 

Exposed pulp 18 25.00 2 13.33 9 37.50 0.11 

Total 72 100.00 15 100.00 24 100.00 0.05* 

*Fisher Exact test (expected less than 1) 

Table 6.14: Prevalence of caries in Lagoa Santa by dental tissue and sex using tooth 

as unit. 
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Figure 6.11: Prevalence of caries in Lagoa Santa by dental tissue and sex using tooth 

as unit. 

 

 

Pulp exposure 
 

This analysis reports the cause of pulp exposure using tooth as a unit (Table 6.15). 

In the total sample of Lagoa Santa, pulp exposure is slightly more often caused by tooth 

wear than caries, even though this difference is not significant using a binominal test 

(p=0.75). Comparing males and females, chi-square (N-1 adjusted) test detected 

significant difference (χ
2
 = 14.539, p<0.01), with males showing higher prevalence of 

pulp exposure by tooth wear and females higher prevalence of pulp exposure by caries.  
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Cause of Pulp 
Exposure 

Total Males Females 

Teeth 
Affected 

% 
Teeth 

Affected 
% 

Teeth 
Affected 

% 

Caries 18 46.15 2 15.38 9 100.00 
Tooth wear 21 53.85 11 84.62 0 0.00 

Total 39 100.00 13 100.00 9 100.00 

 

Table 6.15: Cause of pulp exposure in Lagoa Santa by sex using tooth as unit. 

 

 

Abscess (alveolus count) 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using the maximum (χ
2
 = 157.840, p<0.01) and minimal 

value of Lagoa Santa using alveolus as unit (χ
2
 = 68.707, p<0.01). Using a Tukey-type 

multiple comparison test, farmers are significantly different from hunter-gatherers 

(q=11.135, p<0.01), while the minimum Lagoa Santa value is statistically similar to 

farmers (q=2.886, 0.20<p<0.10) but different from hunter-gatherers (q=6.348, p<0.01); 

the maximum Lagoa Santa value is significantly different from farmers (q=10.236, 

p<0.01) and hunter-gatherers (q=13.609, p<0.01; Table 6.16).  
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 Population Alveoli (N) Alveoli affected % Significant 

Ag 32346 1600 4.95 Hg, LS-max 

Hg 19522 686 3.51 Ag, LS 

LS-max 1280 132 10.31 Ag, Hg 

LS-min 1280 80 6.25 Hg 

 

Table 6.16: Prevalence of abscesses using alveolus as unit. 

 

 

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistence do not differ significantly in terms of abscess prevalence using 

population as unit (Mw=66.000, p=0.98). The prevalence of abscess in Lagoa Santa 

ranges from 6.25% (minimum) to 10.31% (maximum). The minimum value is slightly 

below the 75
th

 and the maximum value is between 90
th

 and 95
th

 of the total comparative 

sample. If the data are divided into subsistence strategies, the minimum Lagoa Santa 

prevalence is slightly below the 75
th

 and the maximum value is between 75
th

 and 90
th

 of 

the farming populations; the minimum value is slightly below 75
th

 and the maximum 

value is above 75
th

 of the foragers (Table 6.17, Table 6.18 and Figure 6.12).  
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 Subsistence N 5
th

 10
th

 25th 50th 75th 90th 95th 

Abscess 
 (alveolus 

count) 

Total 26 0.427 1.633 2.528 3.700 6.540 9.930 13.119 

Ag 19 1.220 1.810 2.460 3.720 6.810 12.170 . 

Hg 7 0.000 0.000 2.810 3.680 6.450 . . 

Abscess 
(Individual 

count) 

Total 25 3.126 16.630 25.465 39.390 46.920 68.574 76.946 

Ag 19 10.420 21.280 26.670 39.080 54.550 71.430 . 

Hg 6 0.000 0.000 15.578 43.650 46.020 . . 

 

Table 6.17: Percentiles of the prevalence of abscesses using alveolus and individual 

as units. 
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Sitea Subsistence Years BP Alveoli (N) Alveoli affected % 

QUI Ag 1200 3464 472 13.63 

lib Ag 1835 830 101 12.17 

cop Ag 1125 368 33 8.97 

LNC Ag 1200 597 45 7.54 

SUN Ag 750 1835 125 6.81 

MON Ag 650 2107 126 5.98 

lat Ag 2050 617 30 4.86 

KIT Ag 2564 2570 124 4.82 

PEA Ag 900 1776 69 3.89 

CHB Ag 700 940 35 3.72 

TL2 Ag 3100 6365 196 3.08 

CUI Ag 1850 1920 55 2.86 

dol Ag 1050 785 21 2.68 

XCA Ag 990 509 13 2.55 

co9 Ag 1125 1748 43 2.46 

J73 Ag 1350 995 21 2.11 

CO1 Ag 790 3327 69 2.07 

teo Ag 1625 442 8 1.81 

cot Ag 2278 1151 14 1.22 

rea Hg 4663 670 50 7.46 

LNP Hg 3000 2296 148 6.45 

W13 Hg 1625 5844 308 5.27 

osg Hg 7425 353 13 3.68 

W42 Hg 5250 2786 87 3.12 

WIN Hg 7400 2849 80 2.81 

WO7 Hg 1075 4724 0 0.00 

APA-max Hg 8000 1167 127 10.88 

APA-min Hg 8000 1167 78 6.68 

SR-max Hg 9000 113 5 4.42 

SR-min Hg 9000 113 2 1.77 

LS-max Hg 8500 1280 132 10.31 

LS-min Hg 8500 1280 80 6.22 
a
See Table 6.3 

Table 6.18: Abscess prevalence for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.12: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using alveolus as unit. The dotted lines represent the Lagoa Santa 

maximum and minimum prevalence. 

 

Among the eight hunter-gatherer populations (Table 6.18), the minimum Lagoa 

Santa value is the third highest, being below only to the Real Alto, Ecuador and the 

Brazilian shell mounds. The maximum Lagoa Santa value is the highest abscess 

prevalence. Although there is a slight trend of increasing abscesses over time (Figure 

6.13), this trend is not statistically significant excluding Lagoa Santa (R
2
=0.009, p=0.65) 

and including minimum Lagoa Santa in the sample (R
2
=0.001, p=0.89). Including 

maximum Lagoa Santa in the sample, there is a slight non-significant trend of decreasing 

abscesses over time (R
2
=0.010, p=0.62). Comparing Lagoa Santa with the two oldest 
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populations available in the database (WIN and osg), even the minimum Lagoa Santa 

value shows the highest prevalence. Using chi-square (N-1 adjusted) test, minimum 

Lagoa Santa value is significantly different from “WIN” (χ
2
 = 28.084, p<0.01), while it is 

statistically similar to “osg” (χ
2
 = 3.396, p=0.07). The maximum Lagoa Santa value is 

significantly different from “WIN” (χ
2
 = 102.093, p<0.01) and “osg” (χ

2
 = 15.022, 

p<0.01). 

 

 

Figure 6.13: Temporal trend of abscess prevalence using population as unit. 
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Males 

 

Using a test of comparison of three proportions for males, farmers, foragers and 

Lagoa Santa are significantly different using the maximum (χ
2
 = 26.324, p<0.01) and 

minimal value of Lagoa Santa using alveolus as unit (χ
2
 = 16.211, p<0.01). Using a 

Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=5.617, p<0.01), while the minimum Lagoa Santa value is statistically similar 

to farmers (q=0.822, p>0.50) and hunter-gatherers (q=2.524, 0.20<p<0.10). The 

maximum Lagoa Santa value is significantly different from farmers (q=3.670, 

0.05<p<0.025) and hunter-gatherers (q=5.335, p<0.01; Table 6.19).  

 

 

Population 

Male Female 

Alveoli 
Alveoli 

affected 
% Sig Alveoli 

Alveoli 
affected 

% Sig 

Ag 12979 793 6.11 Hg, LS-max 14070 719 5.11 Hg, LS-max 

Hg 7345 352 4.79 Ag, LS-max 8252 288 3.49 Ag, LS-max 

LS-max 463 43 9.29 Ag, Hg 154 18 11.69 Ag, Hg 

LS-min 463 31 6.70 - 154 8 5.19 - 

 

Table 6.19: Prevalence of abscesses in males and females using alveolus as unit. 

 

 

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistence do not differ significantly in terms of abscess prevalence for males 

(Mw=51.500, p=0.39). The minimum Lagoa Santa abscess prevalence is 6.70%, while 
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the maximum value is 9.29%. The minimum value is between 50
th

 and 75
th

 and the 

maximum value (9.29) is between 75
th

 and 90
th

 of the comparative sample. If the data are 

divided into subsistence strategies, the minimum Lagoa Santa prevalence is between 50
th

 

and 75
th

 and the maximum value is between 75
th

 and 90
th

 of the farming populations; the 

minimum value is between 50
th

 and 75
th

 and the maximum value is above 75
th

 of the 

foragers (Table 6.20, Table 6.21 and Figure 6.14).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Male 
 (alveolus 
account) 

Total 26 0.277 1.007 2.825 4.690 7.630 10.104 13.700 

Ag 19 0.790 1.100 2.810 3.810 7.630 11.210 . 

Hg 7 0.000 0.000 4.900 6.250 7.630 . . 

Female 
(alveolus 
account) 

Total 26 0.326 1.357 2.165 3.435 5.635 12.068 13.893 

Ag 19 0.930 1.540 2.150 3.480 5.330 12.320 . 

Hg 7 0.000 0.000 2.170 3.390 6.550 . . 

 

Table 6.20: Percentiles of the abscess prevalence in males and females using alveolus 

as unit. 
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Site
a
 Subsistence 

Years 
BP 

Males Females 

Alveoli  
Alveoli 

affected 
% Alveoli  

Alveoli 
affected 

% 

QUI Ag 1200 1476 222 15.04 1662 245 14.74 

lib Ag 1835 428 48 11.21 276 34 12.32 

SUN Ag 750 914 88 9.63 663 34 5.13 

MON Ag 650 858 79 9.21 832 44 5.29 

KIT Ag 2564 930 71 7.63 1249 53 4.24 

cop Ag 1125 208 14 6.73 160 19 11.88 

PEA Ag 900 670 36 5.37 600 32 5.33 

CHB Ag 700 446 20 4.48 470 15 3.19 

TL2 Ag 3100 2375 93 3.92 2935 98 3.34 

J73 Ag 1350 236 9 3.81 345 12 3.48 

CUI Ag 1850 831 29 3.49 836 26 3.11 

XCA Ag 990 304 9 2.96 184 3 1.63 

CO1 Ag 790 957 28 2.93 1304 28 2.15 

LNC Ag 1200 318 9 2.83 279 13 4.66 

dol Ag 1050 285 8 2.81 425 7 1.65 

co9 Ag 1125 819 20 2.44 929 23 2.48 

cot Ag 2278 400 5 1.25 518 8 1.54 

teo Ag 1625 272 3 1.10 107 1 0.93 

lat Ag 2050 252 2 0.79 296 24 8.11 

rea Hg 4663 285 25 8.77 209 25 11.96 

W42 Hg 5250 760 58 7.63 874 19 2.17 

W13 Hg 1625 2254 155 6.88 2760 146 5.29 

WIN Hg 7400 768 48 6.25 1093 29 2.65 

LNP Hg 3000 1074 61 5.68 931 61 6.55 

osg Hg 7425 102 5 4.90 236 8 3.39 

WO7 Hg 1075 2102 0 0.00 2149 0 0.00 

APA-max Hg 8000 443 41 9.26 95 15 15.79 

APA-min Hg 8000 443 29 6.55 95 8 8.42 

SR-max Hg 9000 20 2 10.00 59 3 5.08 

SR-min Hg 9000 20 2 10.00 59 0 0.00 

LS-max Hg 8500 463 43 9.29 154 18 11.69 

LS-min Hg 8500 463 31 6.70 154 8 5.19 
a
See Table 6.3 

Table 6.21: Abscess prevalence by sex for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.14: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using alveolus as unit. The dotted lines represent the Lagoa Santa 

minimum and maximum prevalence for males. 

 

 

Among the eight hunter-gatherer populations (Table 6.21), the minimum Lagoa 

Santa value is the fourth highest abscess prevalence, while the maximum Lagoa Santa 

value is the highest abscess prevalence. Comparing Lagoa Santa with the two oldest 

populations available in the database (WIN and osg), even the minimum Lagoa Santa 

value shows the highest prevalence. Using chi-square (N-1 adjusted) test, minimum 

Lagoa Santa value is statistically similar to “WIN” (χ
2
 = 0.095, p=0.76) and “osg” (χ

2
 = 
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0.450, p=0.50). The maximum Lagoa Santa value is significantly different from “WIN” 

(χ
2
 = 3.889, p=0.049), while it is statistically similar to “osg” (χ

2
 = 2.064, p=0.15). 

Females 

 

Using a test of comparison of three proportions for females, farmers, foragers and 

Lagoa Santa are significantly different using the maximum (χ
2
 = 49.468, p<0.01) and 

minimal value of Lagoa Santa using alveolus as unit (χ
2
 = 31.827, p<0.01). Running a 

Tukey-type multiple comparison test, farmers are significantly different from hunter-

gatherers (q=8.165, p<0.01), while the minimum Lagoa Santa value is statistically similar 

to farmers (q=0.286, p>0.50) and hunter-gatherers (q=1.679, 0.50<p<0.20). The 

maximum Lagoa Santa value is significantly different from farmers (q=4.357, p<0.01) 

and hunter-gatherers (q=5.735, p<0.01; Table 6.19).  

A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistences do not differ significantly in terms of abscess prevalence using 

population as unit (Kw=65.500, p=0.95). The minimum Lagoa Santa abscess prevalence 

is 5.19%, while the maximum value is 11.69%. The minimum value is between 50
th

 and 

75
th

 and the maximum value is slightly below 90
th

 of the comparative sample. If the data 

are divided into subsistence strategies, the minimum Lagoa Santa prevalence is between 

50
th

 and 75
th

 and the maximum value is between 75
th

 and 90
th

 of the farming populations; 

the minimum value is between 50
th

 and 75
th

 and the maximum value is above 75
th

 of the 

foragers (Table 6.20, Table 6.21 and Figure 6.15).  
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Figure 6.15: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using alveolus as unit. The dotted lines represent the Lagoa Santa 

minimum and maximum prevalence for females. 

 

 

Among the eight hunter-gatherer populations (Table 6.21), the minimum Lagoa 

Santa value is the fourth highest abscess prevalence, while the maximum Lagoa Santa 

value is the second highest prevalence only below to Real Alto, Ecuador. Comparing 

Lagoa Santa with the two oldest populations available in the database (WIN and osg), 

even the minimum Lagoa Santa value shows the highest prevalence. Using chi-square 

(N-1 adjusted) test, the minimum Lagoa Santa value is statistically similar to “osg” (χ
2
 = 

0.772, p=0.38) and “WIN” (χ
2
 = 3.026, p=0.08). The maximum Lagoa Santa value is 
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significantly different from “WIN” (χ
2
 = 30.356, p<0.01) and “osg” (χ

2
 = 10.288, 

p<0.01). 

Males versus females 

 

Using the chi-square (N-1 adjusted) test, no significant difference was detected 

between males and females using minimum (χ
2
 = 0.438, p=0.51) and maximum abscess 

prevalence in Lagoa Santa using alveolus as unit (χ
2
 = 0.747, p=0.39). In addition, males 

and females show similar age means: 29.1 (n=28) and 31.4 (n=13) years old, 

respectively. Using a t-test, no statistical difference between the age means was detected 

(t=-0.787, p=0.44). 

Under 20 years old age group 

 

Using a chi-square test for under 20 years old individuals, farmers, foragers and 

Lagoa Santa are not significantly different using alveolus as unit (χ
2
 = 3.476, p=0.18). 

Running chi-square test (N-1 adjusted), agriculture is not significantly different from 

hunter-gatherers (χ
2
 = 0.845, p=0.36), while Lagoa Santa is not significantly different 

from farmers (χ
2
 = 2.413, p=0.12) and hunter-gatherers (χ

2
 = 3.126, p=0.08; Table 6.22).  
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Population 

Under 20 20.00-34.99 

Alveoli 
Alveoli 

affected 
% Sig Alveoli 

Alveoli 
affected 

% Sig 

Ag 5833 41 0.70 - 11205 559 4.99 Hg, LS-max 

Hg 1978 18 0.91 - 4766 158 3.32 Ag, LS-max  

LS-max 341 0 0.00 - 584 46 7.88 Ag, Hg 

LS-min 341 0 0.00 - 584 29 4.97 - 

 

Table 6.22: Prevalence of abscesses by age group using alveolus as unit. 

 

 

A Mann-Whitney of 2 independent samples shows that farmer and hunter-gather 

subsistence do not differ significantly in terms of abscess prevalence using population as 

unit (Mw=28.000, p=0.40). The minimum and maximum abscess prevalence in Lagoa 

Santa is 0% for individuals under 20 years old. The Lagoa Santa value is below 25
th

 of 

the total comparative sample. If the data are divided into subsistence strategies, the Lagoa 

Santa prevalence is below 25
th

 of farming populations and below 75
th

 of foragers (Table 

6.23, Table 6.24 and Figure 6.16).  
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 Subsistence N 5th 10th 25th 50
th

 75th 90th 95th 

Under 20 
 (alveolus 
account) 

Total 20 0.000 0.000 0.020 0.520 1.068 5.936 8.117 

Ag 15 0.000 0.000 0.330 0.620 1.030 7.094 . 

Hg 5 0.000 0.000 0.000 0.000 1.645 . . 

20.00-
34.99 

(alveolus 
account) 

Total 23 0.110 0.706 1.500 3.490 5.270 6.226 14.438 

Ag 17 0.550 0.862 1.425 2.490 5.660 8.432 . 

Hg 6 0.000 0.000 2.925 4.455 5.260 . . 

 

Table 6.23: Percentiles of the abscess prevalence by age group using alveolus as unit 
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Site
a
 Subsistence 

Years 
BP 

Under 20 20.00-34.99 

Alveoli 
Alveoli 

affected 
% Alveoli 

Alveoli 
affected 

% 

lib Ag 1835 134 11 8.21 259 15 5.79 

teo Ag 1625 63 4 6.35 . . . 

MON Ag 650 536 6 1.12 760 42 5.53 

SUN Ag 750 290 3 1.03 574 34 5.92 

co9 Ag 1125 99 1 1.01 371 5 1.35 

QUI Ag 1200 320 3 0.94 1533 252 16.44 

PEA Ag 900 567 4 0.71 664 35 5.27 

dol Ag 1050 162 1 0.62 486 10 2.06 

cot Ag 2278 236 1 0.42 707 8 1.13 

J73 Ag 1350 495 2 0.40 182 4 2.20 

CO1 Ag 790 836 3 0.36 1267 41 3.24 

CUI Ag 1850 299 1 0.33 436 7 1.61 

TL2 Ag 3100 1199 1 0.08 1805 45 2.49 

KIT Ag 2564 455 0 0.00 1262 44 3.49 

CHB Ag 700 102 0 0.00 366 2 0.55 

XCA Ag 990 . . . 133 2 1.50 

lat Ag 2050 . . . 212 2 0.94 

W42 Hg 5250 272 6 2.21 685 36 5.26 

W13 Hg 1625 1107 12 1.08 1507 74 4.91 

LNP Hg 3000 69 0 0.00 1026 40 3.90 

rea Hg 4663 168 0 0.00 76 4 5.26 

WO7 Hg 1075 360 0 0.00 1372 0 0.00 

osg Hg 7425 . . . 100 4 4.00 

APA-max Hg 8000 280 0 0.00 540 44 8.15 

APA-min Hg 8000 280 0 0.00 540 27 5.00 

SR-max Hg 9000 61 0 0.00 44 2 4.55 

SR-min Hg 9000 61 0 0.00 44 2 4.55 

LS-max Hg 8500 341 0 0.00 584 46 7.88 

LS-min Hg 8500 341 0 0.00 584 29 4.97 
a
See Table 6.3 

Table 6.24: Abscess prevalence by age group for Lagoa Santa and the populations of 

the comparative sample. 
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Figure 6.16: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using alveolus as unit. The dotted line represents the Lagoa Santa 

prevalence for individuals under 20 years old. 

 

 

Among the six hunter-gatherer populations (Table 6.24), under 20 years old 

individuals from Lagoa Santa have the lowest abscess prevalence, with the same value of 

Coastal Southern California (W07), Brazilian shell mounds (LNP) and Real Alto, 

Ecuador.  
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20.00-34.99 years old age group 

 

Using a test of comparison of three proportions for 20.00-34.99 years old 

individuals, farmers, foragers and Lagoa Santa are significantly different using the 

maximum (χ
2
 = 36.009, p<0.01) and minimal value of Lagoa Santa using alveolus as unit 

(χ
2
 = 22.064, p<0.01). Using a Tukey-type multiple comparison test, farmers are 

significantly different from hunter-gatherers (q=6.866, p<0.01), while the minimum 

Lagoa Santa value is not significantly different from farmers (q=0.000, p=1.00) and 

hunter-gatherers (q=2.783, 0.20<p<0.10). The maximum Lagoa Santa value is 

significantly different from farmers (q=4.030, 0.025<p<0.01) and hunter-gatherers 

(q=6.611, p<0.01; Table 6.22).  

A Mann-Whitney of 2 independent samples shows that farmer and hunter-gather 

subsistences do not differ significantly in terms of abscess prevalence using population as 

unit (Mw=47.000, p=0.78). The minimum abscess prevalence for 20.00-34.99 years old 

individuals from Lagoa Santa is 4.97% and the maximum value is 7.88%. The minimum 

Lagoa Santa value is between 50
th

 and 75
th

 and the maximum value is between 90
th

 and 

95
th

 of the total comparative sample. If the data are divided into subsistence strategies, 

the minimum Lagoa Santa value is between 50
th

 and 75
th

 and the maximum value is 

between 75
th

 and 90
th

 of farming populations, while the minimum value is between 50
th

 

and 75
th

 and the maximum value is above 75
th

 of foragers (Table 6.23, Table 6.24 and 

Figure 6.17).  
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Figure 6.17: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using alveolus as unit. The dotted line represents the Lagoa Santa 

prevalence for individuals between 20.00 and 34.99 years old. 

 

 

Among the seven hunter-gatherer populations (Table 6.24), the minimum abscess 

prevalence for 20.00-34.99 years old individuals from Lagoa Santa is the third highest 

value, being below Coastal Southern California (W42) and Real Alto, Ecuador. The 

maximum abscess prevalence in Lagoa Santa is the highest value among hunter-

gatherers. Comparing Lagoa Santa with the oldest population available in the database 

(osg), Lagoa Santa shows higher prevalence even considering the minimum value. The 
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minimum (χ
2
 = 0.173, p=0.68) and maximum (χ

2
 = 1.891, p=0.17) Lagoa Santa values 

are not significantly different from “osg” using chi-square (N-1 adjusted) test.  

Abscess (Individual count) 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using the maximum (χ
2
 = 41.928, p<0.01) and minimal 

value of Lagoa Santa using individual as unit (χ
2
 = 42.649, p<0.01). Using a Tukey-type 

multiple comparison test, farmers are significantly different from hunter-gatherers 

(q=9.164, p<0.01), while the minimum Lagoa Santa value is significantly similar to 

farmers (q=2.951, 0.10<p<0.05) and hunter-gatherers (q=0.143, p>0.50). The maximum 

Lagoa Santa value is statistically similar to farmers (q=2.538, 0.20<p<0.10) and hunter-

gatherers (q=0.549, p>0.50; Table 6.25). 

 

 

Population Ind. (N) Ind. affected % Significant 

Ag 1298 562 43.30 Hg  

Hg 669 191 28.55 Ag 

LS-max 52 16 30.77 - 

LS-min 52 15 28.85 - 

 

Table 6.25: Prevalence of abscesses using individual as unit. 
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A Mann-Whitney test of 2 independent samples shows that farmer and hunter-

gatherer subsistences do not differ significantly in terms of abscess prevalence using 

populations as unit (Mw=59.000, p=0.37). The abscess prevalence in Lagoa Santa ranges 

from 28.85% (minimum) to 30.77% (maximum). The minimum and maximum values are 

between 25
th

 and 50
th

 of the total comparative sample. If the data are divided into 

subsistence strategies, the minimum and maximum Lagoa Santa values are between 25
th

 

and 50
th

 of the farming and foraging populations (Table 6.17, Table 6.26 and Figure 

6.18). These results contrast with the analysis using alveolus count, which resulted in 

abscess prevalence above the median of the comparative sample. A comparison between 

the mean age of the individuals in the alveolus (24.9) and individual analysis (24.6) was 

undertaken using a t-test. No significant difference between the mean ages was detected 

(t=0.174, p=0.86). 

 

 

 

 

 

 

 

 

 

 



 

244 

 

Sitea Subsistence Years BP Ind. (N) Ind. affected % 

QUI Ag 1200 145 115 79.31 

Cop Ag 1125 14 10 71.43 

SUN Ag 750 63 42 66.67 

MON Ag 650 83 47 56.63 

LNC Ag 1200 22 12 54.55 

PEA Ag 900 65 31 47.69 

KIT Ag 2564 91 42 46.15 

TL2 Ag 3100 249 100 40.16 

lib Ag 1835 33 13 39.39 

CUI Ag 1850 87 34 39.08 

co9 Ag 1125 72 25 34.72 

CHB Ag 700 41 14 34.15 

XCA Ag 990 22 7 31.82 

dol Ag 1050 29 9 31.03 

lat Ag 2050 30 8 26.67 

CO1 Ag 790 136 33 24.26 

teo Ag 1625 21 5 23.81 

J73 Ag 1350 47 10 21.28 

cot Ag 2278 48 5 10.42 

W13 Hg 1625 217 100 46.08 

LNP Hg 3000 100 46 46.00 

rea Hg 4663 27 12 44.44 

osg Hg 7425 14 6 42.86 

W42 Hg 5250 130 27 20.77 

WO7 Hg 1075 181 0 0.00 

APA-max Hg 8000 48 15 31.25 

APA-min Hg 8000 48 14 29.17 

SR-max Hg 9000 4 1 25.00 

SR-min Hg 9000 4 1 25.00 

LS-max Hg 8500 52 16 30.77 

LS-min Hg 8500 52 15 28.85 
a
See Table 6.3 

Table 6.26: Abscess prevalence for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.18: Variability of abscess prevalence for agriculturalists and hunter-

gatherers using individual as unit. The dotted lines represent the Lagoa Santa 

minimum and maximum prevalence. 

 

 

Among the seven hunter-gatherer populations (Table 6.26), the minimum and 

maximum Lagoa Santa values are the fifth highest abscess prevalence, being only above 

to the Coastal Southern California populations (WO7 and W42). Although there is a 

slight trend of increasing of abscesses over time (Figure 6.19), this trend is not 

statistically significant excluding Lagoa Santa (R
2
=0.009, p=0.65) and including 

minimum (R
2
=0.009, p=0.65) and maximum (R

2
=0.009, p=0.65) Lagoa Santa in the 

sample. Comparing Lagoa Santa with the oldest populations available in the database 
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(osg), Lagoa Santa values show lower prevalence. Using chi-square (N-1 adjusted) test, 

minimum (χ
2
 = 0.983, p=0.32) and maximum (χ

2
 = 0.714, p=0.40) Lagoa Santa values 

are statistically similar to “osg”. 

 

 

 

Figure 6.19: Temporal trend of abscess prevalence using population as unit. 

 

 

 

 



 

247 

 

Abscess (tooth type) 
 

This analysis reports the abscess prevalence by tooth type using alveolus as unit 

(Table 6.27, Table 6.28, Figure 6.20 and Figure 6.21). The most affected tooth type for 

the minimum Lagoa Santa value is the alveoli of M1, followed by the anterior dentition 

(C, LI, and CI). Regarding the maximum Lagoa Santa value, the most affected tooth type 

is the CI, followed by the LI, canines and molar one. Comparing males and females for 

each tooth type, none of the chi-square (N-1 adjusted) and Fisher Exact tests detected 

significant differences using the minimum and maximum values of Lagoa Santa. In 

addition, the total abscess prevalence does not show significant differences between 

males and females using minimum and maximum Lagoa Santa values.  

 

 

Tooth 
Type 

Total Males Females Males x 
Females 

(p) Alveoli 
Teeth 

affected 
% Alveoli 

Teeth 
affected 

% Alveoli 
Teeth 

affected 
% 

M3 114 3 2.63 49 2 4.08 14 0 0.00 1.00* 

M2 153 9 5.88 58 4 6.90 20 3 15.00 0.28 

M1 175 20 11.43 61 9 14.75 21 2 9.52 0.55 

PM2 197 8 4.06 68 4 5.88 21 0 0.00 0.57* 

PM1 183 7 3.83 67 3 4.48 20 1 5.00 1.00* 

C 149 11 7.38 50 3 6.00 19 1 5.26 0.91 

LI 167 12 7.19 60 4 6.67 22 1 4.55 0.72 

CI 142 10 7.04 50 2 4.00 17 0 0.00 1.00* 

Total 1280 80 6.25 463 31 6.70 154 8 5.19 0.51 

*Fisher Exact test (expected less than 1) 

Table 6.27: Minimum prevalence of abscesses in Lagoa Santa by tooth type and sex 

using alveolus as unit. 
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Figure 6.20: Minimum prevalence of abscesses in Lagoa Santa by tooth type and sex 

using alveolus as unit. 

 

 

Tooth 
Type 

Total Males Females Males x 
Females 

(p) Alveoli 
Teeth 

affected 
% Alveoli 

Teeth 
affected 

% Alveoli 
Teeth 

affected 
% 

M3 114 4 3.51 49 2 4.08 14 1 7.14 0.54* 

M2 153 11 7.19 58 4 6.90 20 4 20.00 0.10 

M1 175 28 16.00 61 11 18.03 21 2 9.52 0.36 

PM2 197 9 4.57 68 4 5.88 21 0 0.00 0.57* 

PM1 183 10 5.46 67 3 4.48 20 2 10.00 0.35 

C 149 17 11.41 50 4 8.00 19 2 10.53 0.74 

LI 167 28 16.77 60 9 15.00 22 4 18.18 0.73 

CI 142 25 17.61 50 6 12.00 17 3 17.65 0.56 

Total 1280 132 10.31 463 43 9.29 154 18 11.69 0.42 

*Fisher Exact test (expected less than 1) 

Table 6.28: Maximum prevalence of abscesses in Lagoa Santa by tooth type and sex 

using alveolus as unit. 
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Figure 6.21: Maximum prevalence of abscesses in Lagoa Santa by tooth type and sex 

using alveolus as unit. 

 

 

Antemortem tooth loss (AMTL) 
 

This analysis reports the AMTL prevalence by sex using individual and alveolus 

as units (Table 6.29, Figure 6.22 and Figure 6.23). Regarding the AMTL by individual (at 

least 10 alveoli by mouth), males and females do not show significant difference using 

chi-square (N-1 adjusted) test (χ
2
 = 0.024, p=0.88). The prevalence of AMTL using 

alveoli as a unit, however, shows females with significant higher abscess prevalence than 

males using chi-square (N-1 adjusted) test (χ
2
 = 10.277, p<0.01). 
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Site Ind.  

Ind. 
affected 

% 
 

Alveoli  Lost teeth % 

Total 

APA-Karst 84 35 41.67 
 

1788 167 9.34 

Santana do Riacho 5 1 20.00 
 

137 4 2.92 

Lagoa Santa 89 36 40.45 
 

1925 171 8.88 

Males 

APA-Karst 24 9 37.50 
 

577 20 3.47 

Santana do Riacho 1 0 0.00 
 

30 3 10.00 

Lagoa Santa 25 9 36.00 
 

607 23 3.79 

Females 

APA-Karst 10 3 30.00 
 

158 20 12.66 

Santana do Riacho 2 1 50.00 
 

65 1 1.54 

Lagoa Santa 12 4 33.33 
 

223 21 9.42 

Unsexed 

APA-Karst 49 22 44.90 
 

1052 125 11.88 

Santana do Riacho 2 0 0.00 
 

42 0 0.00 

Lagoa Santa 51 22 43.14 
 

1094 125 11.43 

 

Table 6.29: Prevalence of AMTL in Lagoa Santa by sex and site using individual 

and alveolus as units. 

 

 

 

Figure 6.22: Prevalence of AMTL in Lagoa Santa by sex and site using individual as 

unit. 
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Figure 6.23: Prevalence of AMTL in Lagoa Santa by sex and site using alveolus as 

unit. 

 

 

This analysis reports the AMTL prevalence by age group using individual and 

alveolus as units (Table 6.30, Table 6.31, Figure 6.24 and Figure 6.25). Regarding the 

AMTL by individual (at least 10 alveoli by mouth), there is a significant increase of 

AMTL prevalence with age using a chi-square linear-by-linear association (χ
2
 = 7.376, 

p=0.01). Applying the test of departure from linear trend, there is no other trend besides 

the linear trend in these data (χ
2
 = 3.604, p=0.06). There is no individual with more than 

50 years old in this analysis. Regarding the AMTL prevalence by alveolus, there is a 

significant trend of increasing AMTL with age using a chi-square test linear-by-linear 

association (χ
2
 = 30.431, p<0.01). However, applying the test of departure from linear 
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trend, other relationships were detected in addition to the linear trend in these data (χ
2
 = 

7.461, p=0.02).  

 

 

Age Site Ind. 
Ind. 

affected 
% Alveoli Lost teeth % 

Under 20 

APA-Karst 15 1 6.67 353 3 0.85 

Santana do Riacho 3 1 33.33 70 1 1.43 

Lagoa Santa 18 2 11.11 423 4 0.95 

20.00-34.99 

APA-Karst 34 7 20.59 742 25 3.37 

Santana do Riacho 2 0 0.00 54 0 0.00 

Lagoa Santa 36 7 19.44 796 25 3.14 

35.00-49.99 

APA-Karst 7 5 71.43 139 14 10.07 

Santana do Riacho 0 0 . 13 3 23.08 

Lagoa Santa 7 5 71.43 152 17 11.18 

Over 50 

APA-Karst 0 0 . 8 1 12.50 

Santana do Riacho 0 0 . 0 0 . 

Lagoa Santa 0 0 . 8 1 12.50 

 

Table 6.30: Prevalence of AMTL in Lagoa Santa by age group and site using 

individual and alveolus as units. 

 

 

 
Alveolus Count 

Under 20 20.00-34.99 35.00-49.99 Over 50 

 
Under 20 X 0.02 <0.01 0.09 

Individual 
Count 

20.00-34.99 0.70 X <0.01 0.23 
35.00-49.99 0.01 0.01 X 1.00 

Over 50 . . . X 

 

Table 6.31: Significance level for pairs of age groups comparing prevalence of 

AMTL in Lagoa Santa using alveolus as unit. 
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Figure 6.24: Prevalence of AMTL in Lagoa Santa by age group and site using 

individual as unit. 

 

 

 

Figure 6.25: Prevalence of AMTL in Lagoa Santa by age group and site using 

alveolus as unit. 
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This analysis reports the AMTL prevalence by tooth type using alveolus as unit 

(Table 6.32 and Figure 6.26). The most affected tooth type is the M1, followed by the M2 

and M3. Comparing males and females, none of the chi-square (N-1 adjusted) and Fisher 

Exact tests detected significant differences. However, a non-significant trend was 

detected with female having higher prevalence than males in all tooth types. This trend 

was statistically detected using the Fisher Exact test for the total difference between 

males and females.  

 

 

Tooth Type 

Total Males Females Males x 
Females 

(p) Alveoli 
Lost 

Teeth 
% Alveoli 

Lost 
Teeth 

% Alveoli 
Lost 

Teeth 
% 

M3 164 21 12.80 57 2 3.51 26 2 7.69 0.41 

M2 229 33 14.41 70 3 4.29 28 3 10.71 0.23 

M1 260 44 16.92 76 9 11.84 30 4 13.33 0.83 

PM2 258 18 6.98 80 2 2.50 29 3 10.34 0.09 

PM1 258 15 5.81 81 1 1.23 28 2 7.14 0.16* 

C 249 7 2.81 80 1 1.25 26 1 3.85 0.43* 

LI 251 11 4.38 80 1 1.25 28 2 7.14 0.16* 

CI 256 22 8.59 83 4 4.82 28 4 14.29 0.10 

Total 1925 171 8.88 607 23 3.79 223 21 9.42 <0.01 

*Fisher Exact test (lesser than 1 expected cell) 

Table 6.32: Prevalence of AMTL in Lagoa Santa by tooth type and sex using 

alveolus as unit. 
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Figure 6.26: Prevalence of AMTL in Lagoa Santa by tooth type and sex using 

alveolus as unit. 

 

 

Tooth wear 
 

This analysis reports the mean wear by tooth type using tooth as unit (Table 6.33 

and Figure 6.27). The most worn tooth type in Lagoa Santa is the M1 and the least is the 

M3. Comparing males and females, none of the t-tests detected significant differences. 

However, a non-significant trend was detected with higher tooth wear degree in males 

than in females, excepting for CI. This trend was statistically detected using the t-test for 

the total difference between males and females. 
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Tooth Type 
Total Males Females Males x 

Females 
(p) 

N Wear N Wear N Wear 

M3 84 2.89 31 3.23 16 3.06 0.74 
M2 125 3.43 42 4.07 16 3.56 0.28 
M1 162 4.22 40 5.33 21 4.95 0.42 

PM2 124 3.44 43 4.00 16 3.50 0.28 
PM1 135 3.79 40 4.30 23 3.83 0.19* 

C 121 3.72 40 4.28 20 3.95 0.29* 
LI 100 3.71 32 4.47 15 4.13 0.42 
CI 94 3.90 26 4.23 9 4.78 0.25 

Total 945 3.68 294 4.26 136 3.96 0.04* 
* Equal variances not assumed (Levene’s test p<0.05) 

Table 6.33: Degree of tooth wear in Lagoa Santa by tooth type and sex using tooth 

as unit. 

 

 

 

Figure 6.27: Degree of tooth wear in Lagoa Santa by tooth type and sex using tooth 

as unit. 

 

2.5

3.0

3.5

4.0

4.5

5.0

5.5

M3 M2 M1 PM2 PM1 C LI CI

To
o

th
 W

e
ar

 

Tooth Type 

Males

Females



 

257 

 

This analysis reports the mean wear by age group and tooth type using tooth as 

unit (Table 6.34 and Figure 6.28). An increasing of tooth wear degree was with age was 

detected in Lagoa Santa. This increase is significant in all the tooth types and in the total 

sample using a one-way ANOVA test of variance. The post-tests of Tahame and Tukey 

HSD detected significant differences in all pairs of age groups for all tooth types, 

excepting M3 and CI which did not accuse differences between 20.00-34.99 and 35.00-

49.99 age groups. 

 

 

Age Under 20 (1) 20.00-34.99 (2) 35.00-49.99 (3) Age 
groups 

(p) 

Post-Tests (p<0.05) 

Tooth Type N Wear N Wear N Wear 

M3 6 1.33 61 2.87 10 4.60 <0.01 1x2, 1x3* 

M2 47 2.00 59 4.20 10 5.70 <0.01 1x2, 1x3, 2x3* 

M1 70 2.67 68 5.40 10 7.30 <0.01 1x2, 1x3, 2x3** 

PM2 48 1.73 56 4.27 9 5.56 <0.01 1x2, 1x3, 2x3* 

PM1 40 1.93 63 4.24 14 5.71 <0.01 1x2, 1x3, 2x3** 

C 43 2.19 50 4.26 13 5.38 <0.01 1x2, 1x3, 2x3** 

LI 42 2.21 34 4.41 9 6.00 <0.01 1x2, 1x3, 2x3** 

CI 43 2.44 28 4.82 6 5.50 <0.01 1x2, 1x3** 

Total 339 2.19 419 4.28 81 5.72 <0.01 1x2, 1x3, 2x3* 

* Equal variances not assumed (Tamhane post-test) ** Equal variances assumed (Tukey HSD post-test) 

Table 6.34: Degree of tooth wear in Lagoa Santa by age group and tooth type using 

tooth as unit. 
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Figure 6.28: Degree of tooth wear in Lagoa Santa by age group and tooth type using 

tooth as unit. 
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Hunter-gatherers and agriculturalists differ significantly using tooth count and individual 

count. Also, they are significantly different using population as unit. Agriculturalists 

show consistently more caries than hunter-gatherers.   

Tooth count  

Lagoa Santa prevalence (7.85%) is significantly higher than foragers, being above their 

90
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Males: Lagoa Santa prevalence (5.23%) is statistically similar to foragers, although above 

their 75
th

 percentile.  

Females: Lagoa Santa prevalence (21.62%) is statistically different from foragers, being 

way above 90
th

 percentile.     

Under 20 years old:  Lagoa Santa prevalence (6.08%) is statistically different from 

foragers, being above their 75
th

 percentile. 

20.00 to 34.99 years old: Lagoa Santa prevalence (8.89%) is statistically different from 

foragers, being above their 90
th

 percentile. 

Individual count   

Lagoa Santa prevalence (62.96%) is significantly higher than foragers, being above their 

90
th

 percentile. 

Caries by tooth type 

Females are more affected than males in all tooth types except PM1, even though only 

M3 and M2 showed significant results. Caries is more prevalent in the posterior teeth. 

Caries position 

Males have a non-significant trend towards root caries, while females have a non-

significant trend towards multiple caries. Males have significantly more caries in the 

cementum, while females have a non-significant trend towards more exposed tooth by 

caries. Males have significantly more pulp exposure due to tooth wear, while females 

have pulp exposure due to caries. 
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Abscess  

 

Comparative sample 

Hunter-gatherers and agriculturalists differ significantly in terms of prevalence of 

abscesses using alveolus count and individual count. However, they are statistically 

similar when using population as unit. Agriculturalists show consistently more abscesses 

than hunter-gatherers.   

Alveolus count 

Lagoa Santa prevalence (6.25%, 10.31%) is significantly higher than foragers, being 

above their 50
th

 (minimum) and 75
th

 (maximum) percentile.  

Males: Minimum Lagoa Santa prevalence (6.70%) is statistically similar to foragers, 

although above their 50
th

 percentile. Maximum Lagoa Santa prevalnce (9.29%) is 

statistically different from foragers, being above their 75
th

 percentile. 

Females: Minimum Lagoa Santa prevalence (5.19%) is statistically similar to foragers, 

although above their 50
th

 percentile. Maximum Lagoa Santa prevalence (11.69%) is 

statistically different from foragers, being above their 75
th

 percentile. 

Under 20 years old: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, 

being below their 75
th

 percentile. 

20.00 to 34.99 years old: Minimum Lagoa Santa prevalence (4.97%) is statistically 

similar to foragers, being above their 50
th

 percentile. Maximum Lagoa Santa prevalence 

(7.88%) is statistically different from foragers, being above their 75
th

 percentile. 

Individual count   
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Lagoa Santa prevalence (28.75%, 30.77%) is statistically similar to foragers, being below 

their 50
th

 percentile. 

Abscess by tooth type 

Females and males are equally affected by abscesses. Considering the maximum value of 

abscesses, posterior and anterior dentitions are equally affected. 

Antemortem tooth loss (AMTL) 

 

Posterior and anterior dentitions show similar degrees of AMTL. Females show 

statistically higher values of AMTL than males, using tooth as unit. In turn, males and 

females show similar values using individual as unit. AMTL is age progressive. 

Tooth wear 

 

Males show significantly more tooth wear than females, including all tooth types. The 

only exception is the CI, which shows a non-significant trend to higher values in females. 

Tooth wear increases with age. 
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Degenerative joint disease (DJD) 
 

Shoulder and elbow (SE) 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 41.807, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=6.335, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=0.819, 

p>0.50) and foragers (Q=2.353, 0.10<p<0.05; Table 6.35). 

 

 

Population Ind. Severity St. Dev. Sig 

Ag 1385 1.48 0.69 Hg 
Hg 602 1.27 0.51 Ag 

Lagoa Santa 26 1.62 0.80 - 

 

Table 6.35: Severity of DJD in shoulder and elbow using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=52.500, p=0.12). Lagoa Santa severity is 1.62. 

This value is between 75
th

 and 90
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 90
th

 of 

farming populations, and above 75
th

 of foragers (Table 6.36, Table 6.37 and Figure 6.29). 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Shoulder 
and 

Elbow 

Total 29 1.100 1.140 1.240 1.430 1.540 1.710 2.145 

Ag 21 1.083 1.202 1.295 1.430 1.570 1.766 2.437 

Hg 8 1.130 1.130 1.155 1.285 1.453 . . 

Hip and 
Knee 

Total 30 1.050 1.115 1.245 1.390 1.585 1.840 2.083 

Ag 21 1.092 1.124 1.350 1.420 1.640 1.872 2.285 

Hg 9 1.000 1.000 1.175 1.260 1.485 . . 

Wrist 

Total 28 1.439 3.063 8.110 18.510 28.145 40.986 53.572 

Ag 21 1.529 3.494 9.610 19.570 26.940 39.870 61.070 

Hg 7 1.560 1.560 6.900 14.710 29.370 . . 

 

Table 6.36: Percentiles of the severity of DJD by anatomical part using individual as 

unit. 
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Sitea Subsistence Years BP Ind. Mean St. Dev. 

QUI Ag 1200 145 2.51 0.90 
lib Ag 1835 18 1.78 0.73 
teo Ag 1625 21 1.71 0.46 
cop Ag 1125 18 1.61 0.50 
Y1B Ag 700 25 1.60 0.87 
co9 Ag 1125 80 1.54 0.53 
CO1 Ag 790 112 1.54 0.64 
SGB Ag 700 42 1.50 0.67 
J73 Ag 1350 36 1.50 0.56 
CHB Ag 700 34 1.47 0.71 
XCA Ag 990 14 1.43 0.65 

PEA Ag 900 40 1.43 0.55 
TL2 Ag 3100 189 1.42 0.51 
CUI Ag 1850 74 1.39 0.49 
cot Ag 2278 11 1.36 0.50 

SUN Ag 750 52 1.33 0.51 
MON Ag 650 61 1.26 0.51 
KIT Ag 2564 63 1.22 0.59 
AZ1 Ag 1175 58 1.21 0.41 
ESB Ag 700 132 1.20 0.53 
201 Ag 600 159 1.07 0.30 

rea Hg 4663 18 1.67 0.59 
W43 Hg 1359 26 1.46 0.71 

WIN Hg 7400 74 1.43 0.64 
MR1 Hg 6015 40 1.30 0.52 
WO7 Hg 1075 219 1.27 0.48 
111 Hg 1350 50 1.20 0.57 
W13 Hg 1625 132 1.14 0.34 
101 Hg 1350 39 1.13 0.47 

APA Hg 8000 16 1.75 0.86 
SR Hg 9000 10 1.40 0.70 
LS Hg 8500 26 1.62 0.80 

a
See Table 6.3 

Table 6.37: Severity of DJD in shoulder and elbow for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.29: Variability of severity of DJD in shoulder and elbow for agriculturalists 

and hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity. 

 

 

Among nine hunter-gatherer populations (Table 6.37), Lagoa Santa is the second 

highest value, being only second to Real Alto, Ecuador (rea). Although there is a slight 

trend of decreasing SE DJD over time, this trend is not statistically significant including 

(R
2
=0.07, p=0.67; Figure 6.30) and excluding Lagoa Santa of the sample (R

2
=0.00, 

p=0.96). The comparison between Lagoa Santa and Windover values (the oldest 

populations in the database) shows no significant difference using the Mann-Whitney test 

(Mw=861.000, p=0.35). 
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Figure 6.30: Temporal trend of severity of DJD in shoulder and elbow using 

population as unit. 

 

 

Males 

 

Using Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for males using individual as unit (χ
2
 = 9.260, p=0.01). Using a multiple 

comparison test with unequal samples, farmer and hunter-gatherer subsistence differ 

significantly (Q=2.969, p<0.01), while Lagoa Santa is not significantly different from 

farmers (Q=0.447, p>0.50) and foragers (Q=1.300, p>0.50; Table 6.38).  



 

267 

 

Population 

Male Female 

Ind  Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 625 1.49 0.70 Hg 723 1.49 0.70 Hg 

Hg 207 1.31 0.52 Ag 232 1.20 0.46 Ag, LS 

Lagoa Santa 14 1.57 0.76 - 10 1.80 0.92 Hg 

 

Table 6.38: Severity of DJD in shoulder and elbow by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=48.000, p=0.22). Lagoa Santa severity value is 

1.57 for males. This value is right on 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is slightly below 75
th

 of 

farming populations, and above 75
th

 of foragers (Table 6.39, Table 6.40 and Figure 6.31).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Shoulder 
and 

Elbow 
(Males) 

Total 27 1.178 1.220 1.270 1.380 1.570 1.686 2.206 

Ag 20 1.154 1.223 1.300 1.430 1.578 1.670 2.468 

Hg 7 1.220 1.220 1.250 1.320 1.380 . . 

Shoulder 
and 

Elbow 
 (Females) 

Total 28 1.037 1.097 1.193 1.475 1.538 1.874 2.292 

Ag 21 1.023 1.142 1.280 1.500 1.645 1.972 2.477 

Hg 7 1.070 1.070 1.100 1.220 1.500 . . 

 

Table 6.39: Percentiles of the severity of DJD in shoulder and elbow by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind.  Severity St. Dev. Ind.  Severity St. Dev. 

QUI Ag 1200 67 2.51 0.86 77 2.53 0.93 

lib Ag 1835 12 1.67 0.78 6 2.00 0.63 

Y1B Ag 700 15 1.67 0.90 10 1.50 0.85 

teo Ag 1625 14 1.64 0.50 7 1.86 0.38 

co9 Ag 1125 33 1.58 0.50 47 1.51 0.55 

cop Ag 1125 7 1.57 0.53 11 1.64 0.50 

CHB Ag 700 13 1.54 0.78 20 1.45 0.69 

SGB Ag 700 16 1.50 0.63 26 1.50 0.71 

J73 Ag 1350 13 1.46 0.52 22 1.50 0.60 

CO1 Ag 790 45 1.44 0.55 57 1.65 0.72 

TL2 Ag 3100 76 1.42 0.50 110 1.43 0.52 

MON Ag 650 32 1.38 0.61 29 1.14 0.35 

AZ1 Ag 1175 17 1.35 0.49 41 1.15 0.36 

PEA Ag 900 23 1.35 0.49 17 1.53 0.62 

SUN Ag 750 30 1.30 0.53 22 1.36 0.49 

CUI Ag 1850 37 1.30 0.46 36 1.50 0.51 

KIT Ag 2564 28 1.25 0.52 35 1.20 0.47 

ESB Ag 700 65 1.25 0.61 52 1.19 0.49 

XCA Ag 990 9 1.22 0.67 5 1.80 0.45 

201 Ag 600 68 1.15 0.43 86 1.01 0.11 

cot Ag 2278 . . . 7 1.43 0.53 

rea Hg 4663 12 1.75 0.62 6 1.50 0.55 

W43 Hg 1359 13 1.38 0.65 13 1.54 0.78 

101 Hg 1350 9 1.33 0.71 29 1.07 0.37 

WO7 Hg 1075 74 1.32 0.50 81 1.22 0.42 

MR1 Hg 6015 22 1.27 0.46 18 1.33 0.59 

111 Hg 1350 24 1.25 0.61 22 1.18 0.59 

W13 Hg 1625 51 1.22 0.42 61 1.10 0.30 

APA Hg 8000 10 1.50 0.71 6 2.17 0.98 

SR Hg 9000 4 1.75 0.96 4 1.25 0.50 

LS Hg 8500 14 1.57 0.76 10 1.80 0.92 
a
See Table 6.3 

Table 6.40: Severity of DJD in shoulder and elbow by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.31: Variability of severity of DJD in shoulder and elbow for agriculturalists 

and hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in males. 

 

 

Among eight hunter-gatherer populations (Table 6.40), Lagoa Santa males have 

the second position of SE DJD severity in males, being only below to Real Alto, Ecuador 

(rea).  

Females 

 

Using the Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for females using individual as unit (χ
2
 = 37.347, p<0.01). Using a multiple 
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comparison test with unequal samples, farmer and hunter-gatherer subsistence differ 

significantly for SE DJD in females (Q=5.926, p<0.01), while Lagoa Santa is statistically 

similar to farmers (Q=1.151, p>0.50), but it is statistically different from foragers 

(Q=2.519, 0.05>p>0.02; Table 6.38).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=41.000, p=0.08). Lagoa Santa severity value is 

1.80 for females. This value is between 75
th

 and 90
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 

90
th

 of farming populations, and above 75
th

 of foragers (Table 6.39, Table 6.40 and 

Figure 6.32). Among eight hunter-gatherer populations (Table 6.40), Lagoa Santa 

females show the highest value. 
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Figure 6.32: Variability of severity of DJD in shoulder and elbow for agriculturalists 

and hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in females. 

 

 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Mann-Whitney test (Mw=61.000, p=0.56). 

20.00-34.99 years old age group 

 

Using the Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 7.325, p=0.03). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly in 
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20.00-34.99 years old individuals (Q=2.609, 0.05>p>0.02), while Lagoa Santa is 

statistically similar to farmers (Q=0.861, p>0.50) and foragers (Q=0.099, p>0.50; Table 

6.41). 

  

 

Population 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Sig Ind Severity Std Dev. Sig 

Ag 556 1.29 0.59 Hg 606 1.61 0.73 Hg 

Hg 129 1.13 0.36 Ag 330 1.27 0.49 Ag, LS 

Lagoa Santa 9 1.11 0.33 - 9 2.11 0.78 Hg 

 

Table 6.41: Severity of DJD in shoulder and elbow by age group using individual as 

unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=44.500, p=0.53). Lagoa Santa severity value is 

1.11 for 20.00-34.99 years old individuals. This value is between 25
th

 and 50
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 25
th

 and 50
th

 of farming populations, and between 50
th

 and 75
th

 of 

foragers (Table 6.42, Table 6.43 and Figure 6.33).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Shoulder 
and Elbow 

(20.00-
34.99) 

Total 24 1.000 1.010 1.048 1.155 1.315 1.520 1.983 

Ag 18 1.000 1.018 1.038 1.165 1.320 1.479 . 

Hg 6 1.000 1.000 1.053 1.090 1.300 . . 

Shoulder 
and Elbow 

 (35.00-
49.99) 

Total 27 1.084 1.136 1.250 1.500 1.720 1.776 2.456 

Ag 20 1.067 1.196 1.430 1.500 1.728 1.865 2.792 

Hg 7 1.120 1.120 1.140 1.250 1.550 . . 

 

Table 6.42: Percentiles of the severity of DJD in shoulder and elbow by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 68 2.10 0.98 70 2.84 0.63 

co9 Ag 1125 17 1.41 0.51 36 1.50 0.56 

CO1 Ag 790 62 1.35 0.52 41 1.73 0.63 

CUI Ag 1850 25 1.32 0.48 42 1.38 0.49 

PEA Ag 900 22 1.32 0.48 16 1.50 0.52 

J73 Ag 1350 10 1.30 0.48 18 1.44 0.51 

TL2 Ag 3100 65 1.26 0.44 98 1.48 0.52 

SGB Ag 700 17 1.18 0.53 18 1.72 0.57 

lib Ag 1835 6 1.17 0.41 8 1.88 0.64 

CHB Ag 700 19 1.16 0.37 11 1.73 0.79 

SUN Ag 750 20 1.15 0.37 30 1.43 0.57 

cot Ag 2278 8 1.13 0.35 . . . 

AZ1 Ag 1175 21 1.10 0.30 28 1.25 0.44 

ESB Ag 700 48 1.04 0.29 62 1.19 0.54 

MON Ag 650 30 1.03 0.18 26 1.54 0.65 

KIT Ag 2564 37 1.03 0.16 26 1.50 0.65 

201 Ag 600 65 1.02 0.12 35 1.06 0.24 

Y1B Ag 700 9 1.00 0.00 11 1.73 0.90 

cop Ag 1125 . . . 7 1.71 0.49 

teo Ag 1625 . . . 15 1.67 0.49 

XCA Ag 990 . . . 7 1.43 0.53 

W43 Hg 1359 8 1.63 0.74 7 1.14 0.38 

W13 Hg 1625 26 1.19 0.40 101 1.12 0.33 

WO7 Hg 1075 46 1.11 0.31 162 1.31 0.50 

101 Hg 1350 14 1.07 0.27 9 1.22 0.67 

MR1 Hg 6015 15 1.07 0.26 20 1.55 0.60 

111 Hg 1350 15 1.00 0.00 16 1.25 0.68 

rea Hg 4663 . . . 12 1.75 0.45 

APA Hg 8000 7 1.14 0.38 6 2.50 0.55 

SR Hg 9000 2 1.00 0.00 3 1.33 0.58 

LS Hg 8500 9 1.11 0.33 9 2.11 0.78 
a
See Table 6.3 

Table 6.43: Severity of DJD in shoulder and elbow by age group for Lagoa Santa 

and the populations of the comparative sample. 

 

 



 

275 

 

 

Figure 6.33: Variability of severity of DJD in shoulder and elbow for agriculturalists 

and hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in individuals between 20.00 and 34.99 years old. 

 

 

Among seven hunter-gatherer populations (Table 6.43), Lagoa Santa value is in 

the 3rd position tied with Coastal Southern California (WO7).  

35.00-49.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 57.642, p<0.01). Using a multiple comparison test 

with unequal samples, agriculture and hunter-gather subsistence differ significantly 



 

276 

 

(Q=7.127, p<0.01), while Lagoa Santa is similar to farmers (Q=2.098, 0.20>p>0.10) but 

different from foragers (Q=3.529, p<0.01; Table 6.41).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=39.500, p=0.09). Lagoa Santa severity value is 

2.11 for 35.00-49.99 years old individuals. This value is between 90
th

 and 95
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 90
th

 and 95
th

 of farming populations, and above 75
th

 of foragers (Table 

6.42, Table 6.43 and Figure 6.34). Among eight hunter-gatherer populations (Table 6.43), 

Lagoa Santa value is the highest.  
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Figure 6.34: Variability of severity of DJD in shoulder and elbow for agriculturalists 

and hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in individuals between 20.00 and 34.99 years old. 

 

 

Hip and knee (HK) 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 9.369, p=0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=3.061, p<0.01), while Lagoa Santa is not significantly different from farmers 

(Q=0.173, p>0.50) and foragers (Q=0.557, p>0.50; Table 6.44). 
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Population Ind. Mean St. Dev. Significant 

Ag 1370 1.48 0.67 Hg 
Hg 513 1.40 0.66 Ag 

Lagoa Santa 22 1.50 0.80 - 

 

Table 6.44: Severity of DJD in hip and knee using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=55.500, p=0.08). Lagoa Santa severity value is 

1.50. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 75
th

 of 

farming populations, and above 75
th

 of foragers (Table 6.36, Table 6.45 and Figure 6.35).  
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Sitea Subsistence Years BP Ind. Mean St. Dev. 

QUI Ag 1200 129 2.33 0.93 
cop Ag 1125 25 1.88 0.44 
co9 Ag 1125 93 1.84 0.45 
teo Ag 1625 25 1.84 0.37 
J73 Ag 1350 38 1.68 0.74 
lib Ag 1835 15 1.60 0.63 

XCA Ag 990 16 1.56 0.63 
CO1 Ag 790 103 1.55 0.59 
cot Ag 2278 10 1.50 0.53 
TL2 Ag 3100 190 1.43 0.53 
CHB Ag 700 26 1.42 0.50 

SGB Ag 700 36 1.42 0.60 
Y1B Ag 700 23 1.39 0.72 
PEA Ag 900 44 1.39 0.65 
AZ1 Ag 1175 60 1.38 0.61 
CUI Ag 1850 66 1.38 0.52 
KIT Ag 2564 63 1.32 0.69 

SUN Ag 750 52 1.31 0.61 
MON Ag 650 62 1.18 0.39 
201 Ag 600 160 1.11 0.40 
ESB Ag 700 132 1.09 0.38 

WO7 Hg 1075 164 1.68 0.72 
rea Hg 4663 12 1.58 0.67 

MR1 Hg 6015 44 1.39 0.78 
WIN Hg 7400 68 1.35 0.69 
111 Hg 1350 47 1.26 0.64 
W13 Hg 1625 118 1.20 0.48 
W43 Hg 1359 16 1.19 0.40 
101 Hg 1350 38 1.16 0.44 
osg Hg 7425 6 1.00 0.00 

APA Hg 8000 13 1.77 0.93 
SR Hg 9000 9 1.11 0.33 
LS Hg 8500 22 1.50 0.80 

a
See Table 6.3 

Table 6.45: Severity of DJD in hip and knee for Lagoa Santa and the populations of 

the comparative sample. 
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Figure 6.35: Variability of severity of DJD in hip and knee for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity. 

 

 

Among 10 hunter-gatherer populations (Table 6.45), Lagoa Santa is the 3rd 

highest value, being only below to Coastal Southern California (WO7) and Real Alto, 

Ecuador (rea). Although there is a slight trend of increasing HK DJD over time, this trend 

is not statistically significant including (R
2
=0.02, p=0.47; Figure 6.36) and excluding 

Lagoa Santa of the sample (R
2
=0.03, p=0.34). The comparison of Lagoa Santa value with 

the two oldest populations of the database shows no significant difference between Lagoa 

Santa and Windover (Mw=668.000, p=0.34) and Lagoa Santa and “osg” (Mw=42.000, 

p=0.09). 
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Figure 6.36: Temporal trend of severity of DJD in hip and knee using population as 

unit. 

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different for males using individual as unit (χ
2
 = 0.300, p=0.86; Table 6.46).  
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Population 

Male Female 

Ind. Severity 
Std 

Dev. 
Sig Ind. Severity 

Std 
Dev. 

Sig 

Ag 626 1.46 0.64 - 711 1.52 0.70 Hg 

Hg 184 1.46 0.70 - 213 1.39 0.66 Ag 

Lagoa Santa 12 1.42 0.67 - 9 1.67 1.00 - 

 

Table 6.46: Severity of DJD in hip and knee by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=60.000, p=0.47). Lagoa Santa severity value is 

1.42 for males. This value is slightly above 50
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is slightly below 50
th

 

of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.3, Table 6.4 and 

Figure 6.37).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Hip and 
Knee 

(Males) 

Total 28 1.069 1.143 1.260 1.410 1.795 1.837 2.098 

Ag 21 1.069 1.158 1.270 1.450 1.790 1.884 2.224 

Hg 7 1.080 1.080 1.170 1.290 1.830 . . 

Hip and 
Knee 

 (Females) 

Total 28 1.083 1.128 1.218 1.385 1.570 1.871 2.166 

Ag 21 1.067 1.134 1.250 1.460 1.695 1.878 2.348 

Hg 7 1.110 1.110 1.200 1.270 1.400 . . 

 

Table 6.47: Percentiles of the severity of DJD in hip and knee by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 58 2.26 0.85 70 2.40 1.00 

cop Ag 1125 10 1.90 0.57 15 1.87 0.35 

teo Ag 1625 17 1.82 0.39 8 1.88 0.35 

co9 Ag 1125 41 1.80 0.46 52 1.87 0.44 

cot Ag 2278 5 1.80 0.45 5 1.20 0.45 

lib Ag 1835 9 1.78 0.67 5 1.40 0.55 

XCA Ag 990 10 1.70 0.67 6 1.33 0.52 

CO1 Ag 790 45 1.56 0.59 54 1.57 0.60 

Y1B Ag 700 15 1.53 0.83 8 1.13 0.35 

J73 Ag 1350 15 1.47 0.64 22 1.82 0.80 

CHB Ag 700 11 1.45 0.52 13 1.46 0.52 

AZ1 Ag 1175 17 1.41 0.62 43 1.37 0.62 

TL2 Ag 3100 76 1.41 0.52 110 1.46 0.54 

SUN Ag 750 31 1.32 0.60 21 1.29 0.64 

PEA Ag 900 23 1.30 0.56 21 1.48 0.75 

KIT Ag 2564 28 1.29 0.46 35 1.34 0.64 

CUI Ag 1850 32 1.25 0.44 33 1.52 0.57 

SGB Ag 700 15 1.20 0.41 21 1.57 0.68 

201 Ag 600 69 1.19 0.49 87 1.06 0.32 

MON Ag 650 33 1.15 0.36 29 1.21 0.41 

ESB Ag 700 65 1.06 0.30 52 1.15 0.50 

rea Hg 4663 6 1.83 0.75 6 1.33 0.52 

WO7 Hg 1075 65 1.83 0.72 67 1.69 0.74 

MR1 Hg 6015 24 1.38 0.82 20 1.40 0.75 

111 Hg 1350 24 1.29 0.69 21 1.24 0.62 

W43 Hg 1359 7 1.29 0.49 9 1.11 0.33 

W13 Hg 1625 42 1.17 0.44 62 1.27 0.55 

101 Hg 1350 13 1.08 0.28 25 1.20 0.50 

APA Hg 8000 9 1.56 0.73 4 2.25 1.26 

SR Hg 9000 3 1.00 0.00 5 1.20 0.45 

LS Hg 8500 12 1.42 0.67 9 1.67 1.00 
a
See Table 6.3 

Table 6.48: Severity of DJD in hip and knee by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.37: Variability of severity of DJD in hip and knee for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in males. 

 

 

Among eight hunter-gatherer populations (Table 6.48), Lagoa Santa males are in 

the 3
rd

 position, being below to Real Alto, Ecuador (rea) and Costal Southern California 

(WO7).  

Females 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for females (χ
2
 = 6.868, p=0.03). Using a multiple comparison test with unequal 

samples, farmer and hunter-gatherer subsistence differ significantly (Q=2.587, 
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0.05>p>0.02), while Lagoa Santa is not significantly different from farmers (Q=0.280, 

p>0.50) and foragers (Q=0.869, p>0.50; Table 6.46).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit using individual as unit (Mw=46.500, p=0.15). Lagoa 

Santa severity value is 1.67 for females. This value is between 75
th

 and 90
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is slightly below 75
th

 of farming populations, and above 75
th

 of foragers (Table 

6.47, Table 6.48 and Figure 6.38).  

 

 

 

Figure 6.38: Variability of severity of DJD in hip and knee for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in females. 
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Among eight hunter-gatherer populations (Table 6.48), Lagoa Santa value is the 

second highest value, being only below to Coastal Southern California (WO7). 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Mann-Whitney test (Mw=47.500, p=0.59). 

20.00-34.99 years old age group 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 2.808, p=0.25). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 0.349, 

p=0.55), while Lagoa Santa is statistically similar to farmers (χ
2
 = 2.512, p=0.11) and 

foragers (χ
2
 = 2.136, p=0.14; Table 6.49).  

 

 

Population 
20.00-34.99 35.00-49.99 

Ind Affected % Sig Ind Severity Std Dev. Sig 

Ag 533 128 24.02 - 605 1.60 0.72 Hg 

Hg 121 26 21.49 - 257 1.48 0.70 Ag, LS 

Lagoa Santa 8 0 0.00 - 9 2.11 0.93 Hg 

 

Table 6.49: Prevalence and severity of DJD in hip and knee by age group using 

individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=37.000, p=0.33). Lagoa Santa severity value is 

1.00 for 20.00-34.99 years old individuals. This value is below 25
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is below 25
th

 of farming populations, and below 50
th

 of foragers (Table 6.50, Table 

6.51 and Figure 6.39).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Hip and 
Knee 

(20.00-
34.99) 

Total 23 1.000 1.000 1.040 1.160 1.300 1.660 1.784 

Ag 17 1.000 1.000 1.055 1.200 1.310 1.666 . 

Hg 6 1.000 1.000 1.000 1.065 1.328 . . 

Hip and 
Knee 

 (35.00-
49.99) 

Total 26 1.098 1.179 1.375 1.520 1.783 1.860 2.432 

Ag 20 1.083 1.144 1.385 1.520 1.788 1.860 2.696 

Hg 6 1.200 1.200 1.215 1.465 1.715 . . 

 

Table 6.50: Percentiles of the severity of DJD in hip and knee by age group using 

individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 58 1.81 0.85 65 2.74 0.78 

co9 Ag 1125 19 1.63 0.50 39 1.85 0.37 

CO1 Ag 790 59 1.44 0.53 38 1.63 0.59 

TL2 Ag 3100 72 1.32 0.50 93 1.48 0.54 

J73 Ag 1350 10 1.30 0.48 19 1.79 0.79 

CUI Ag 1850 21 1.29 0.46 40 1.40 0.55 

AZ1 Ag 1175 21 1.24 0.54 30 1.40 0.56 

PEA Ag 900 23 1.22 0.52 18 1.44 0.62 

Y1B Ag 700 10 1.20 0.63 9 1.56 0.73 

KIT Ag 2564 38 1.16 0.44 25 1.56 0.65 

SGB Ag 700 15 1.13 0.35 16 1.38 0.50 

MON Ag 650 31 1.10 0.30 26 1.27 0.45 

CHB Ag 700 15 1.07 0.26 7 1.86 0.38 

201 Ag 600 57 1.04 0.19 40 1.13 0.40 

cot Ag 2278 5 1.00 0.00 . . . 

SUN Ag 750 19 1.00 0.00 31 1.48 0.72 

ESB Ag 700 48 1.00 0.00 62 1.08 0.33 

cop Ag 1125 . . . 7 1.86 0.38 

teo Ag 1625 . . . 18 1.78 0.43 

XCA Ag 990 . . . 10 1.70 0.67 

lib Ag 1835 . . . 8 1.38 0.52 

WO7 Hg 1075 37 1.68 0.75 116 1.69 0.73 

W13 Hg 1625 28 1.21 0.50 86 1.20 0.48 

101 Hg 1350 13 1.08 0.28 9 1.22 0.44 

MR1 Hg 6015 19 1.05 0.23 19 1.79 1.03 

W43 Hg 1359 5 1.00 0.00 . . . 

111 Hg 1350 14 1.00 0.00 14 1.36 0.74 

rea Hg 4663 . . . 7 1.57 0.53 

APA Hg 8000 5 1.00 0.00 6 2.50 0.84 

SR Hg 9000 3 1.00 0.00 3 1.33 0.58 

LS Hg 8500 8 1.00 0.00 9 2.11 0.93 
a
See Table 6.3 

Table 6.51: Severity of DJD in hip and knee by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.39: Variability of severity of DJD in hip and knee for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in individuals between 20.00 and 34.99 years old. 

 

 

Among six hunter-gatherer populations (Table 6.51), Lagoa Santa value is in the 

last position tied with Coastal South Carolina (101) and Coastal Southern California 

(W43). 

35.00-49.99 years old age group  

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 11.377, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 
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(Q=2.661, 0.05>p>0.02), while Lagoa Santa is similar to farmers (Q=1.892, 

0.20>p>0.10) but different from foragers (Q=2.457, 0.05>p>0.02; Table 6.49).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=47.500, p=0.45). Lagoa Santa severity value is 

2.11 for 35.00-49.99 years old individuals. This value is between 90
th

 and 95
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 90
th

 and 95
th

 of farming populations, and above 75
th

 of foragers (Table 

6.50, Table 6.51 and Figure 6.40). Among seven hunter-gatherer populations (Table 

6.51), Lagoa Santa value is the highest.  

 

 

 

Figure 6.40: Variability of severity of DJD in hip and knee for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa severity in individuals between 35.00 and 49.99 years old. 
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Wrist 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are not significantly different using individual as unit (χ
2
 = 4.803, 0.10< p <0.05; 

Table 6.52). 

 

 

Population Ind. Affected % Significant 

Ag 1198 234 19.53 - 
Hg 410 71 17.32 - 

Lagoa Santa 34 11 32.35 - 

 

Table 6.52: Prevalence of DJD in the wrist using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=63.500, p=0.60). Lagoa Santa prevalence is 

32.35%. This value is between 75
th

 and 90
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is between 75
th

 and 

90
th

 of farming populations, and above 75
th

 of foragers (Table 6.36, Table 6.53 and 

Figure 6.41).  
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Sitea Subsistence Years BP Ind. Affected % 

QUI Ag 1200 139 88 63.31 
CUI Ag 1850 44 18 40.91 
lib Ag 1835 14 5 35.71 

cop Ag 1125 19 6 31.58 
teo Ag 1625 17 5 29.41 
CO1 Ag 790 94 23 24.47 
Y1B Ag 700 25 6 24.00 
J73 Ag 1350 26 6 23.08 
XCA Ag 990 13 3 23.08 
cot Ag 2278 9 2 22.22 
SGB Ag 700 46 9 19.57 

TL2 Ag 3100 116 21 18.10 
co9 Ag 1125 59 9 15.25 
AZ1 Ag 1175 50 6 12.00 
KIT Ag 2564 59 7 11.86 
PEA Ag 900 36 4 11.11 
CHB Ag 700 37 3 8.11 
SUN Ag 750 51 3 5.88 
ESB Ag 700 132 6 4.55 

MON Ag 650 62 2 3.23 
201 Ag 600 149 2 1.34 

rea Hg 4663 12 5 41.67 
WO7 Hg 1075 126 37 29.37 

MR1 Hg 6015 37 7 18.92 
W13 Hg 1625 102 15 14.71 
111 Hg 1350 37 3 8.11 
101 Hg 1350 29 2 6.90 
WIN Hg 7400 64 1 1.56 

APA Hg 8000 27 9 33.33 
SR Hg 9000 7 2 28.57 
LS Hg 8500 34 11 32.35 

a
See Table 6.3 

Table 6.53: Prevalence of DJD in the wrist for Lagoa Santa and the populations of 

the comparative sample. 
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Figure 6.41: Variability of prevalence of DJD in the wrist for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence. 

 

 

Among eight hunter-gatherer populations (Table 6.53), Lagoa Santa is the 2
nd

 

highest value, being only below to Real Alto, Ecuador (rea). Although there is a slight 

trend of decreasing of wrist DJD over time, this trend is not statistically significant 

including Lagoa Santa in the sample (R
2
=0.012, p=0.57, Figure Z), and the trend 

disappears excluding Lagoa Santa of the sample (R
2
=0.000, p=0.95). The comparison of 

Lagoa Santa values with the oldest population of the database using chi-square (N-1 

adjusted) test shows significant difference between Lagoa Santa and “WIN” (χ
2
 = 19.390, 

p<0.01). 
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Figure 6.42: Temporal trend of prevalence of DJD in the wrist using population as 

unit. 

 

 

Males 

 

Using a test of comparison of three proportions in males, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 2.968, 0.25< p 

<0.10; Table 6.54).  

 

 

 



 

295 

 

Population 
Male Female 

Ind Affected % Sig Ind Affected % Sig 

Ag 558 105 18.82 - 610 127 20.82 - 

Hg 185 38 20.54 - 190 29 15.26 - 

Lagoa Santa 10 4 40.00 - 7 2 28.57 - 

 

Table 6.54: Prevalence of DJD in the wrist by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=62.000, p=0.66). Lagoa Santa prevalence is 

40.00% for males. This value is between 75
th

 and 90
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

75
th

 and 90
th

 of farming populations, and above 75
th

 of foragers (Table 6.55, Table 6.56 

and Figure 6.43).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Wrist 
(Males) 

Total 27 0.000 2.504 10.530 17.650 27.270 51.112 58.224 

Ag 20 0.157 3.162 7.245 17.445 26.703 48.125 59.500 

Hg 7 0.000 0.000 11.760 18.420 33.330 . . 

Wrist 
 (Females) 

Total 25 0.000 0.000 6.460 13.730 24.075 44.320 63.349 

Ag 19 0.000 0.000 6.670 16.670 31.910 54.550 . 

Hg 6 0.000 0.000 4.688 10.865 23.148 . . 

 

Table 6.55: Percentiles of the prevalence of DJD in the wrist by sex using individual 

as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 65 39 60.00 73 49 67.12 

lib Ag 1835 8 4 50.00 6 1 16.67 

Y1B Ag 700 16 5 31.25 9 1 11.11 

teo Ag 1625 13 4 30.77 . . . 

CUI Ag 1850 22 6 27.27 22 12 54.55 

cop Ag 1125 8 2 25.00 11 4 36.36 

CHB Ag 700 13 3 23.08 20 0 0.00 

XCA Ag 990 9 2 22.22 . . . 

CO1 Ag 790 44 8 18.18 47 15 31.91 

SGB Ag 700 17 3 17.65 28 6 21.43 

KIT Ag 2564 29 5 17.24 30 2 6.67 

TL2 Ag 3100 50 8 16.00 64 12 18.75 

AZ1 Ag 1175 16 2 12.50 34 4 11.76 

co9 Ag 1125 25 3 12.00 34 6 17.65 

PEA Ag 900 19 2 10.53 17 2 11.76 

ESB Ag 700 65 4 6.15 52 2 3.85 

MON Ag 650 33 2 6.06 29 0 0.00 

SUN Ag 750 29 1 3.45 22 2 9.09 

201 Ag 600 64 2 3.13 82 0 0.00 

J73 Ag 1350 10 0 0.00 16 6 37.50 

cot Ag 2278 . . . 6 1 16.67 

rea Hg 4663 9 5 55.56 . . . 

WO7 Hg 1075 57 19 33.33 54 14 25.93 

101 Hg 1350 8 2 25.00 21 0 0.00 

W13 Hg 1625 38 7 18.42 51 7 13.73 

MR1 Hg 6015 19 3 15.79 18 4 22.22 

111 Hg 1350 17 2 11.76 16 1 6.25 

WIN Hg 7400 36 0 0.00 25 2 8.00 

APA Hg 8000 7 3 42.86 4 1 25.00 

SR Hg 9000 3 1 33.33 3 1 33.33 

LS Hg 8500 10 4 40.00 7 2 28.57 
a
See Table 6.3 

Table 6.56: Prevalence of DJD in the wrist by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.43: Variability of prevalence of DJD in the wrist for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in males. 

 

 

Among eight hunter-gatherer populations (Table 6.56), Lagoa Santa prevalence is 

in the 2
nd

 position, being only below to Real Alto, Ecuador (rea). The comparison of 

Lagoa Santa with the oldest population in the database (WIN) shows statistical difference 

using Exact Fisher test (p<0.01).  
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Females 

 

Using a test of comparison of three proportions in females, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 3.203, 0.25< p 

<0.10; Table 6.54).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=47.500, p=0.55). Lagoa Santa prevalence is 

28.57% for females. This value is between 75
th

 and 90
th

 of the total comparative sample. 

If the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

50
th

 and 75
th

 of farmer populations, and above 75
th

 of foragers (Table 6.55, Table 6.56 

and Figure 6.44).  

 

 

 



 

299 

 

 

Figure 6.44: Variability of prevalence of DJD in the wrist for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in females. 

 

 

Among 7 hunter-gatherer populations (Table 6.56), Lagoa Santa prevalence 

shows the highest value. The comparison of Lagoa Santa with the oldest population in the 

database (WIN) does not show statistical difference using Fisher Exact test (p=0.20). 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using chi-square (N-1 adjusted) test (χ
2
 = 0.221, p=0.64). 
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20.00-34.99 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are not significantly different using individual as unit (χ
2
 = 4.033, 0.25< p <0.10; 

Table 6.57).  

 

 

Population 
20.00-34.99 35.00-49.99 

Ind Affected % Sig Ind Affected % Sig 

Ag 504 49 9.72 - 507 134 26.43 - 

Hg 107 9 8.41 - 199 52 26.13 - 

Lagoa Santa 11 3 27.27 - 5 2 40.00 - 

 

Table 6.57: Prevalence of DJD in the wrist by age group using individual as unit. 

 

 

Mann-Whitney test, hunter-gatherers and farmers are not significantly different 

using population as unit (Mw=44.000, p=0.94). Lagoa Santa prevalence is 27.27% for 

20.00-34.99 years old individuals. This value is between 90
th

 and 95
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

prevalence is between 75
th

 and 90
th

 of farming populations, and above 75
th

 of foragers 

(Table 6.58, Table 6.59 and Figure 6.45). Among six hunter-gatherer populations (Table 

6.59), Lagoa Santa prevalence is the highest value.  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Wrist 
(20.00-
34.99) 

Total 23 0.000 0.000 0.000 3.230 12.200 24.066 33.218 

Ag 18 0.000 0.000 0.000 2.965 12.948 29.151 . 

Hg 5 0.000 0.000 0.000 8.330 12.100 . . 

Wrist 
 (35.00-
49.99) 

Total 26 0.000 1.890 12.640 21.315 36.925 42.860 71.395 

Ag 20 0.135 2.914 14.718 21.315 29.643 42.860 84.565 

Hg 6 0.000 0.000 5.768 25.850 37.260 . . 

 

Table 6.58: Percentiles of the prevalence of DJD in the wrist by age group using 

individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 64 22 34.38 68 59 86.76 

CUI Ag 1850 14 4 28.57 26 10 38.46 

CO1 Ag 790 52 9 17.31 35 10 28.57 

cot Ag 2278 7 1 14.29 . . . 

J73 Ag 1350 8 1 12.50 15 3 20.00 

TL2 Ag 3100 52 6 11.54 49 10 20.41 

SGB Ag 700 20 2 10.00 18 4 22.22 

SUN Ag 750 18 1 5.56 31 2 6.45 

MON Ag 650 31 1 3.23 26 0 0.00 

KIT Ag 2564 37 1 2.70 22 6 27.27 

ESB Ag 700 48 1 2.08 62 3 4.84 

lib Ag 1835 5 0 0.00 7 3 42.86 

Y1B Ag 700 10 0 0.00 10 3 30.00 

CHB Ag 700 20 0 0.00 13 3 23.08 

co9 Ag 1125 17 0 0.00 23 4 17.39 

AZ1 Ag 1175 18 0 0.00 25 4 16.00 

PEA Ag 900 20 0 0.00 14 2 14.29 

201 Ag 600 56 0 0.00 37 1 2.70 

XCA Ag 990 . . . 7 3 42.86 

teo Ag 1625 . . . 12 3 25.00 

cop Ag 1125 . . . 6 1 16.67 

WO7 Hg 1075 41 5 12.20 78 29 37.18 

W13 Hg 1625 25 3 12.00 74 11 14.86 

101 Hg 1350 12 1 8.33 5 0 0.00 

MR1 Hg 6015 15 0 0.00 19 7 36.84 

111 Hg 1350 11 0 0.00 13 1 7.69 

rea Hg 4663 . . . 8 3 37.50 

APA Hg 8000 7 2 28.57 4 2 50.00 

SR Hg 9000 4 1 25.00 1 1 100.00 

LS Hg 8500 11 3 27.27 5 2 40.00 
a
See Table 6.3 

Table 6.59: Prevalence of DJD in the wrist by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.45: Variability of prevalence of DJD in the wrist for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in individuals between 20.00 and 34.99 years old. 

 

 

35.00-49.99 years old age group 

 

Using a test of comparison of three proportions in individuals between 35.00-

49.99 years old, farmers, foragers and Lagoa Santa are not significantly different using 

individual as unit (χ
2
 = 0.482, 0.90< p <0.75; Table 6.57).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=57.500, p=0.88). Lagoa Santa prevalence is 

40.00% for 35.00-49.99 years old individuals. This value is between 75
th

 and 90
th

 of the 
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total comparative sample. If the data are divided into subsistence strategies, the Lagoa 

Santa prevalence is between 75
th

 and 90
th

 of farming populations, and above 75
th

 of 

foragers (Table 6.58, Table 6.59 and Figure 6.46). Among seven hunter-gatherer 

populations (Table 6.59), Lagoa Santa prevalence shows the highest value.  

 

 

 

Figure 6.46: Variability of prevalence of DJD in the wrist for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in individuals between 35.00 and 49.99 years old. 
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Cervical vertebrae 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 20.242, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=4.499, p<0.01), while Lagoa Santa is not significantly different from farmers 

(Q=0.290, p>0.50) and foragers (Q=0.784, p>0.50; Table 6.60). 

 

  

Population Ind. Severity St. Dev. Significant 

Ag 1217 1.55 0.83 Hg 
Hg 348 1.69 0.72 Ag 

Lagoa Santa 16 1.63 0.89 - 

 

Table 6.60: Severity of DJD in the cervical vertebrae using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=77.500, p=0.35). Lagoa Santa severity value is 

1.63. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is between 50
th

 and 75
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.61, Table 6.62 and 

Figure 6.47). 
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Vertebrae Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cervical 

Total 31 1.104 1.192 1.360 1.530 1.800 1.988 2.160 

Ag 22 1.070 1.198 1.265 1.515 1.733 1.940 2.229 

Hg 9 1.140 1.140 1.435 1.660 1.965 . . 

Thoracic 

Total 31 1.148 1.220 1.350 1.600 1.720 1.930 2.358 

Ag 22 1.183 1.236 1.345 1.545 1.713 2.129 2.525 

Hg 9 1.100 1.100 1.350 1.670 1.755 . . 

Lumbar 

Total 30 1.187 1.481 1.620 1.865 2.118 2.396 2.632 

Ag 22 1.051 1.385 1.673 1.850 2.068 2.182 2.736 

Hg 8 1.480 1.480 1.575 2.105 2.390 . . 

 

Table 6.61: Percentile of the severity of DJD in the vertebral column using 

individual as unit. 
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Sitea Subsistence Years BP Ind. Mean St. Dev. 

QUI Ag 1200 130 2.28 0.96 
cop Ag 1125 18 1.94 0.73 
CO1 Ag 790 96 1.94 0.83 
lib Ag 1835 15 1.87 0.92 
KIT Ag 2564 64 1.80 0.88 
lat Ag 2050 7 1.71 1.25 

MON Ag 650 56 1.66 0.94 
J73 Ag 1350 26 1.65 0.94 
TL2 Ag 3100 140 1.55 0.82 
AZ1 Ag 1175 61 1.54 0.77 
co9 Ag 1125 43 1.53 0.83 

CUI Ag 1850 50 1.50 0.76 
SUN Ag 750 44 1.50 0.79 
teo Ag 1625 16 1.44 0.73 
PEA Ag 900 32 1.41 0.50 
cot Ag 2278 11 1.36 0.50 
CHB Ag 700 45 1.27 0.58 
SGB Ag 700 48 1.25 0.53 
Y1B Ag 700 25 1.24 0.44 
201 Ag 600 147 1.24 0.66 
XCA Ag 990 11 1.18 0.60 
ESB Ag 700 132 1.05 0.30 

W13 Hg 1625 12 2.08 0.67 

rea Hg 4663 7 2.00 0.58 
W43 Hg 1359 30 1.93 0.91 
WO7 Hg 1075 152 1.77 0.65 
WIN Hg 7400 58 1.66 0.81 
MR1 Hg 6015 44 1.50 0.73 
111 Hg 1350 19 1.47 0.61 
osg Hg 7425 5 1.40 0.55 
101 Hg 1350 21 1.14 0.36 

APA Hg 8000 9 2.00 1.00 
SR Hg 9000 7 1.14 0.38 
LS Hg 8500 16 1.63 0.89 

a
See Table 6.3 

Table 6.62: Severity of DJD in the cervical vertebrae for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.47: Variability of severity of DJD in the cervical vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity. 

 

 

Among 10 hunter-gatherer populations (Table 6.62), Lagoa Santa is the 6
th

 

highest value. Although there is a slight trend of decreasing cervical vertebra DJD over 

time, this trend is not statistically significant including (R
2
=0.012, p=0.56; Figure 6.48) 

and excluding Lagoa Santa of the sample (R
2
=0.011, p=0.57). The comparison of Lagoa 

Santa values with the two oldest populations of the database shows no significant 

difference between Lagoa Santa and “WIN” (Mw=446.000, p=0.79) and Lagoa Santa and 

“osg” (Mw=37.000, p=0.78). 
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Figure 6.48: Temporal trend of severity of DJD in the cervical vertebrae using 

population as unit.  

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for males using individual as unit (χ
2
 = 9.094, p=0.01). Using a multiple 

comparison test with unequal samples, farmer and hunter-gatherer subsistence differ 

significantly (Q=2.970, p<0.01), while Lagoa Santa is not significantly different from 

farmers (Q=0.701, p>0.50) and foragers (Q=0.257, p>0.50; Table 6.63). 
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Population 

Male Female 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 551 1.57 0.86 Hg 627 1.55 0.80 - 

Hg 125 1.70 0.71 Ag 137 1.62 0.71 - 

Lagoa Santa 11 1.73 0.90 - 5 1.40 0.89 - 

 

Table 6.63: Severity of DJD in the cervical vertebrae by sex using individual as unit. 

  

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=54.500, p=0.74). Lagoa Santa severity value is 

1.73 for males. This value is between 50
th

 and 75
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 

75
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.64, Table 6.65 

and Figure 6.49). Among 7 hunter-gatherer populations (Table 6.65), Lagoa Santa value 

is in the 4
th

 position. 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cervical 
vertebrae 

(Males) 

Total 26 1.060 1.219 1.350 1.565 1.885 2.103 2.193 

Ag 20 1.012 1.241 1.353 1.565 1.865 1.997 2.171 

Hg 6 1.170 1.170 1.305 1.620 2.103 . . 

Cervical 
vertebrae 
 (Females) 

Total 25 1.109 1.130 1.265 1.500 1.755 2.068 2.303 

Ag 19 1.100 1.130 1.260 1.430 1.700 2.000 . 

Hg 6 1.130 1.130 1.408 1.650 1.900 . . 

 

Table 6.64: Percentile of the severity of DJD in the cervical vertebrae by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 60 2.18 1.02 70 2.36 0.92 

lib Ag 1835 9 2.00 1.00 6 1.67 0.82 

CO1 Ag 790 37 1.97 0.90 48 1.92 0.82 

J73 Ag 1350 10 1.90 1.20 14 1.43 0.65 

cop Ag 1125 8 1.88 0.83 10 2.00 0.67 

MON Ag 650 28 1.82 1.02 28 1.50 0.84 

KIT Ag 2564 28 1.71 0.76 36 1.86 0.93 

co9 Ag 1125 19 1.68 1.11 24 1.42 0.50 

AZ1 Ag 1175 17 1.59 0.51 44 1.52 0.85 

SUN Ag 750 26 1.58 0.90 18 1.39 0.61 

TL2 Ag 3100 60 1.55 0.93 77 1.57 0.73 

PEA Ag 900 17 1.53 0.51 15 1.27 0.46 

teo Ag 1625 12 1.50 0.80 . . . 

201 Ag 600 67 1.37 0.79 79 1.13 0.49 

CHB Ag 700 14 1.36 0.63 25 1.20 0.50 

CUI Ag 1850 26 1.35 0.63 23 1.70 0.88 

XCA Ag 990 8 1.25 0.71 . . . 

Y1B Ag 700 16 1.25 0.45 9 1.22 0.44 

SGB Ag 700 17 1.24 0.56 31 1.26 0.51 

ESB Ag 700 65 1.00 0.00 52 1.10 0.45 

cot Ag 2278 . . . 7 1.29 0.49 

rea Hg 4663 5 2.20 0.45 . . . 

W43 Hg 1359 14 2.07 0.92 16 1.81 0.91 

WO7 Hg 1075 62 1.79 0.68 65 1.65 0.65 

111 Hg 1350 11 1.45 0.52 8 1.50 0.76 

MR1 Hg 6015 20 1.35 0.59 23 1.65 0.83 

101 Hg 1350 6 1.17 0.41 15 1.13 0.35 

W13 Hg 1625 . . . 6 2.17 0.41 

APA Hg 8000 7 2.00 1.00 2 2.00 1.41 

SR Hg 9000 4 1.25 0.50 3 1.00 0.00 

LS Hg 8500 11 1.73 0.90 4 1.40 0.89 
a
See Table 6.3 

Table 6.65: Severity of DJD in the cervical vertebrae by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.49: Variability of severity of DJD in the cervical vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in males. 

 

 

Females 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for females using individual as unit (χ
2
 = 9.094, p=0.01). Using a multiple 

comparison test with unequal samples, farmer and hunter-gatherer subsistence do not 

differ significantly (Q=1.913, 0.20>p>0.10), while Lagoa Santa is not significantly 

different from farmers (Q=0.611, p>0.50) and foragers (Q=0.998, p>0.50; Table 6.63).  
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=43.000, p=0.37). Lagoa Santa severity value is 

1.40 for females. This value is between 25
th

 and 50
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 

50
th

 of farming populations, and slightly below 25
th

 of foragers (Table 6.64, Table 6.65 

and Figure 6.50).  

 

 

 

Figure 6.50: Variability of severity of DJD in the cervical vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in females. 
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Among seven hunter-gatherer populations (Table 6.65), Lagoa Santa value is in 

the 6
th

 position, being above only to Coastal South Carolina (101). 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Mann-Whitney test (Mw=21.500, p=0.43). 

20.00-34.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different (χ
2
 = 2.181, p=0.34; Table 6.66).  

 

 

 

 

Table 6.66: Severity of DJD in the cervical vertebrae by age group using individual 

as unit. 

 

 

Population 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 501 1.36 0.72 - 533 1.71 0.87 Hg 

Hg 77 1.39 0.59 - 167 1.83 0.69 Ag 

Lagoa Santa 9 1.33 0.71 - 5 2.40 0.89 - 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=34.000, p=0.86). Lagoa Santa severity value is 

1.33 for 20.00-34.99 years old individuals. This value is between 50
th

 and 75
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 50
th

 and 75
th

 of farming populations, and between 50
th

 and 75
th

 of 

foragers (Table 6.67, Table 6.68 and Figure 6.51). Among five hunter-gatherer 

populations (Table 6.68), Lagoa Santa value is in the 3
rd

 position. 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cervical 
vertebrae 

(20.00-
34.99) 

Total 22 1.000 1.000 1.030 1.255 1.483 1.735 1.861 

Ag 18 1.000 1.000 1.030 1.255 1.475 1.718 . 

Hg 4 1.000 1.000 1.020 1.280 1.683 . . 

Cervical 
vertebrae 

 (35.00-
49.99) 

Total 26 1.115 1.290 1.420 1.635 1.915 2.220 2.623 

Ag 20 1.034 1.291 1.400 1.555 1.928 2.201 2.809 

Hg 6 1.290 1.290 1.545 1.825 1.980 . . 

 

Table 6.67: Percentile of the severity of DJD in the cervical vertebrae by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

CO1 Ag 790 51 1.88 0.84 36 2.03 0.84 

QUI Ag 1200 63 1.70 0.82 61 2.84 0.73 

AZ1 Ag 1175 21 1.52 0.93 32 1.53 0.67 

KIT Ag 2564 37 1.49 0.77 27 2.22 0.80 

CUI Ag 1850 15 1.47 0.92 31 1.48 0.68 

J73 Ag 1350 8 1.38 1.06 15 1.67 0.90 

TL2 Ag 3100 55 1.36 0.68 67 1.64 0.83 

MON Ag 650 28 1.36 0.87 25 1.96 0.98 

SUN Ag 750 17 1.29 0.77 25 1.56 0.77 

cot Ag 2278 9 1.22 0.44 . . . 

lib Ag 1835 5 1.20 0.45 6 1.83 0.75 

PEA Ag 900 16 1.13 0.34 14 1.64 0.50 

201 Ag 600 56 1.13 0.57 41 1.39 0.77 

CHB Ag 700 25 1.04 0.20 14 1.43 0.65 

co9 Ag 1125 8 1.00 0.00 19 1.53 0.84 

Y1B Ag 700 10 1.00 0.00 10 1.30 0.48 

SGB Ag 700 19 1.00 0.00 21 1.29 0.46 

ESB Ag 700 48 1.00 0.00 62 1.02 0.13 

cop Ag 1125 . . . 6 2.00 0.63 

teo Ag 1625 . . . 11 1.55 0.82 

XCA Ag 990 . . . 6 1.33 0.82 

W43 Hg 1359 8 1.75 0.89 10 1.90 0.88 

WO7 Hg 1075 40 1.48 0.60 102 1.86 0.65 

MR1 Hg 6015 13 1.08 0.28 24 1.79 0.78 

101 Hg 1350 6 1.00 0.00 7 1.29 0.49 

W13 Hg 1625 . . . 9 2.22 0.67 

111 Hg 1350 . . . 8 1.63 0.74 

APA Hg 8000 6 1.50 0.84 3 3.00 0.00 

SR Hg 9000 3 1.00 0.00 2 1.50 0.71 

LS Hg 8500 9 1.33 0.71 5 2.40 0.89 
a
See Table 6.3 

Table 6.68: Severity of DJD in the cervical vertebrae by age group for Lagoa Santa 

and the populations of the comparative sample.  
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Figure 6.51: Variability of severity of DJD in the cervical vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 20.00 and 34.99 years 

old. 

 

 

35.00-49.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 10.857, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=2.774, 0.02>p>0.01), while Lagoa Santa is not statistically different from farmers 

(Q=1.907, 0.20>p>0.10) and foragers (Q=1.346, p>0.50; Table 6.66).  
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=45.000, p=0.36). Lagoa Santa severity value is 

2.40 for 35.00-49.99 years old individuals. This value is between 90
th

 and 95
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 90
th

 and 95
th

 of farming populations, and above 75
th

 of foragers (Table 

6.67, Table 6.68 and Figure 6.52). Among seven hunter-gatherer populations (Table 

6.68), Lagoa Santa value is the highest.  

 

 

 

Figure 6.52: Variability of severity of DJD in the cervical vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 35.00 and 49.99 years 

old. 
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Thoracic vertebrae 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 0.836, p=0.66; Table 6.69). 

 

 

 Population Ind. Severity St. Dev. Significant 

Ag 1065 1.65 0.77 - 

Hg 332 1.61 0.69 - 

Lagoa Santa 11 1.45 0.69 - 

 

Table 6.69: Severity of DJD in the thoracic vertebrae using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=91.000, p=0.73). Lagoa Santa severity value is 

1.45. This value is between 25
th

 and 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 50
th

 of 

farming and foraging populations (Table 6.61, Table 6.70 and Figure 6.53). 
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Sitea Subsistence Years BP Ind. Mean St. Dev. 

QUI Ag 1200 137 2.58 0.81 
lib Ag 1835 14 2.21 0.80 

CO1 Ag 790 97 1.94 0.64 
co9 Ag 1125 55 1.89 0.66 
Y1B Ag 700 23 1.78 0.52 
cop Ag 1125 16 1.69 0.70 
J73 Ag 1350 30 1.67 0.71 
teo Ag 1625 15 1.67 0.49 
SGB Ag 700 42 1.62 0.54 

MON Ag 650 55 1.60 0.78 
ESB Ag 700 17 1.59 0.80 

CHB Ag 700 40 1.50 0.60 
SUN Ag 750 44 1.50 0.79 
XCA Ag 990 13 1.46 0.78 
KIT Ag 2564 53 1.45 0.76 
CUI Ag 1850 45 1.44 0.72 
AZ1 Ag 1175 60 1.35 0.63 
cot Ag 2278 9 1.33 0.71 
TL2 Ag 3100 116 1.33 0.47 
PEA Ag 900 38 1.32 0.47 
lat Ag 2050 5 1.20 0.45 
201 Ag 600 141 1.18 0.51 

W13 Hg 1625 10 1.80 0.63 

W43 Hg 1359 29 1.79 0.82 
WIN Hg 7400 50 1.72 0.90 
WO7 Hg 1075 151 1.70 0.61 
rea Hg 4663 6 1.67 0.52 
111 Hg 1350 8 1.63 0.92 
osg Hg 7425 5 1.40 0.55 

MR1 Hg 6015 53 1.30 0.54 
101 Hg 1350 20 1.10 0.31 

APA Hg 8000 7 1.43 0.53 
SR Hg 9000 4 1.50 1.00 
LS Hg 8500 11 1.45 0.69 

a
See Table 6.3 

Table 6.70: Severity of DJD in the thoracic vertebrae for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.53: Variability of severity of DJD in the thoracic vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity. 

 

 

Among 10 hunter-gatherer populations (Table 6.70), Lagoa Santa value is in the 

7
th

 position. Although there is a slight trend of increasing of thoracic vertebra DJD over 

time, this trend is not statistically significant including (R
2
=0.026, p=0.38; Figure 6.54) 

and excluding Lagoa Santa of the sample (R
2
=0.019, p=0.46). The comparison of Lagoa 

Santa values with the two oldest populations of the database shows no significant 

difference between Lagoa Santa and “WIN” (Mw=237.000, p=0.43) and Lagoa Santa and 

“osg” (Mw=27.500, p=1.00). 
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Figure 6.54: Temporal trend of severity of DJD in the thoracic vertebrae using 

population as unit. 

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different for males using individual as unit (χ
2
 = 2.239, p=0.33; Table 6.71).  
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Population 

Male Female 

Ind Severity 
Std 

Dev. 
Sig Ind Affected % Sig 

Ag 484 1.68 0.77 - 560 256 45.71 - 

Hg 131 1.55 0.66 - 125 57 45.60 - 

Lagoa Santa 9 1.56 0.73 - 2 0 0.00 - 

 

Table 6.71: Severity and prevalence of DJD in the thoracic vertebrae by sex using 

individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=52.500, p=0.54). Lagoa Santa severity value is 

1.56 for males. This value is between 25
th

 and 50
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 

50
th

 of farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.72, Table 6.73 

and Figure 6.55). Among seven hunter-gatherer populations (Table 6.73), Lagoa Santa 

value is in the 5
th

 position.  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Thoracic 
vertebrae 

(Males) 

Total 27 1.080 1.200 1.350 1.600 1.830 2.016 2.278 

Ag 21 1.209 1.294 1.405 1.580 1.880 2.064 2.377 

Hg 6 1.000 1.000 1.150 1.600 1.733 . . 

Thoracic 
vertebrae 
 (Females) 

Total 23 1.100 1.196 1.380 1.500 1.720 2.284 2.676 

Ag 18 1.090 1.261 1.375 1.480 1.683 2.522 . 

Hg 5 1.140 1.140 1.285 1.570 1.765 . . 

 

Table 6.72: Percentile of the severity of DJD in the thoracic vertebrae by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 64 2.41 0.90 72 2.72 0.70 

co9 Ag 1125 26 2.08 0.56 29 1.72 0.70 

lib Ag 1835 8 2.00 0.93 6 2.50 0.55 

Y1B Ag 700 15 1.93 0.46 8 1.50 0.53 

CO1 Ag 790 40 1.93 0.53 48 1.96 0.74 

cop Ag 1125 6 1.83 0.75 10 1.60 0.70 

MON Ag 650 29 1.72 0.80 26 1.46 0.76 

XCA Ag 990 9 1.67 0.87 . . . 

teo Ag 1625 12 1.67 0.49 . . . 

J73 Ag 1350 11 1.64 0.81 17 1.59 0.62 

CHB Ag 700 12 1.58 0.79 25 1.44 0.51 

ESB Ag 700 7 1.57 0.53 9 1.67 1.00 

SUN Ag 750 28 1.54 0.79 16 1.44 0.81 

SGB Ag 700 15 1.53 0.64 27 1.67 0.48 

CUI Ag 1850 21 1.52 0.87 24 1.38 0.58 

KIT Ag 2564 26 1.46 0.71 27 1.44 0.64 

PEA Ag 900 20 1.35 0.49 18 1.28 0.46 

AZ1 Ag 1175 16 1.31 0.60 44 1.36 0.65 

TL2 Ag 3100 48 1.31 0.47 67 1.34 0.48 

201 Ag 600 63 1.29 0.61 75 1.09 0.41 

cot Ag 2278 5 1.20 0.45 . . . 

W43 Hg 1359 14 1.86 0.95 15 1.73 0.70 

WO7 Hg 1075 64 1.69 0.64 63 1.57 0.61 

111 Hg 1350 5 1.60 0.89 . . . 

rea Hg 4663 5 1.60 0.55 . . . 

MR1 Hg 6015 30 1.20 0.41 23 1.43 0.66 

101 Hg 1350 6 1.00 0.00 14 1.14 0.36 

W13 Hg 1625 . . . 5 1.80 0.45 

APA Hg 8000 6 1.50 0.55 1 1.00 . 

SR Hg 9000 3 1.67 1.15 1 1.00 . 

LS Hg 8500 9 1.56 0.73 2 1.00 0.00 
a
See Table 6.3 

Table 6.73: Severity of DJD in the thoracic vertebrae by sex for Lagoa Santa and 

the populations of the comparative sample. 
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Figure 6.55: Variability of severity of DJD in the thoracic vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in males. 

 

 

Females 

 

Using a Fisher’s Exact test, farmers, foragers and Lagoa Santa are not 

significantly different for females using individual as unit (χ
2
 = 1.306, p=0.64). Using a 

chi-square (N-1 adjusted) test, farmer and hunter-gatherer subsistence do not differ 

significantly (χ
2
 = 0.001, p=0.98), while using Fisher Exact tests Lagoa Santa is 

statistically similar to farmers (p=0.50) and foragers (p=0.50; Table 6.71).  
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=44.000, p=0.94). Lagoa Santa severity value is 

1.00 for females. This value is below 5
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is slightly below 5
th

 of farming 

populations, and below 5
th

 of foragers (Table 6.72, Table 6.73 and Figure 6.56). Among 

six hunter-gatherer populations (Table 6.73), Lagoa Santa value is the lowest. 

 

 

 

Figure 6.56: Variability of severity of DJD in the thoracic vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in females. 
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Males versus females 

 

The comparison between males and females of Lagoa Santa (males: 4/9=44.44% 

versus females: 0/2=0.00%) do not show statistical difference using Fisher Exact test 

(p=0.49). 

20.00-34.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 2.761, p=0.25; Table 6.74).  

 

 

Population 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 445 1.44 0.69 - 463 1.79 0.79 - 

Hg 81 1.27 0.45 - 159 1.72 0.66 - 

Lagoa Santa 4 1.25 0.50 - 4 1.75 0.96 - 

 

Table 6.74: Severity of DJD in the thoracic vertebrae by age group using individual 

as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=26.500, p=0.60). Lagoa Santa severity value is 

1.25 for 20.00-34.99 years old individuals. This value is between 50
th

 and 75
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 
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value is between 50
th

 and 75
th

 of farming populations, and between 50
th

 and 75
th

 of 

foragers (Table 6.75, Table 6.76 and Figure 6.57). Among five hunter-gatherer 

populations (Table 6.76), Lagoa Santa value is in the 3
rd

 position. 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Thoracic 
vertebrae 

(20.00-
34.99) 

Total 20 1.001 1.024 1.133 1.225 1.378 1.919 2.160 

Ag 16 1.000 1.014 1.140 1.225 1.403 2.023 . 

Hg 4 1.060 1.060 1.078 1.230 1.360 . . 

Thoracic 
vertebrae 

 (35.00-
49.99) 

Total 24 1.295 1.375 1.500 1.670 1.860 2.220 2.788 

Ag 20 1.275 1.371 1.500 1.660 1.868 2.308 2.910 

Hg 4 1.520 1.520 1.590 1.800 1.860 . . 

 

Table 6.75: Percentile of the severity of DJD in the thoracic vertebrae by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 66 2.17 0.89 65 2.94 0.46 

CO1 Ag 790 56 1.96 0.60 36 1.89 0.67 

co9 Ag 1125 11 1.55 0.52 24 1.67 0.56 

SGB Ag 700 17 1.41 0.51 19 1.74 0.45 

SUN Ag 750 16 1.38 0.89 26 1.50 0.71 

Y1B Ag 700 9 1.33 0.50 9 2.11 0.33 

J73 Ag 1350 8 1.25 0.71 17 1.65 0.61 

CHB Ag 700 22 1.23 0.43 12 1.67 0.65 

TL2 Ag 3100 49 1.22 0.42 56 1.38 0.49 

MON Ag 650 28 1.18 0.61 24 2.00 0.72 

KIT Ag 2564 29 1.17 0.38 24 1.79 0.78 

CUI Ag 1850 14 1.14 0.36 30 1.57 0.82 

AZ1 Ag 1175 21 1.14 0.48 30 1.27 0.52 

PEA Ag 900 21 1.10 0.30 14 1.50 0.52 

201 Ag 600 53 1.02 0.14 38 1.37 0.67 

cot Ag 2278 7 1.00 0.00 . . . 

lib Ag 1835 . . . 6 2.33 0.82 

cop Ag 1125 . . . 5 1.80 0.84 

teo Ag 1625 . . . 11 1.64 0.50 

XCA Ag 990 . . . 8 1.50 0.93 

ESB Ag 700 . . . 7 1.43 0.53 

WO7 Hg 1075 41 1.37 0.49 100 1.80 0.62 

W43 Hg 1359 6 1.33 0.52 10 1.80 0.92 

101 Hg 1350 8 1.13 0.35 . . . 

MR1 Hg 6015 18 1.06 0.24 29 1.52 0.63 

W13 Hg 1625 . . . 8 1.88 0.64 

APA Hg 8000 4 1.25 0.50 2 1.50 0.71 

SR Hg 9000 0 . . 2 2.00 1.41 

LS Hg 8500 4 1.25 0.50 4 1.75 0.96 
a
See Table 6.3 

Table 6.76: Severity of DJD in the thoracic vertebrae for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.57: Variability of severity of DJD in the thoracic vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 20.00 and 34.99 years 

old. 

 

35.00-49.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 0.422, p=0.81; Table 6.74).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=29.000, p=0.39). Lagoa Santa severity value is 

1.75 for individuals between 35.00 and 49.99 years old. This value is between 50
th

 and 

75
th

 of the total comparative sample. If the data are divided into subsistence strategies, 
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the Lagoa Santa value is between 50
th

 and 75
th

 of farming populations, and between 25
th

 

and 50
th

 of foragers (Table 6.75, Table 6.76 and Figure 6.58).  

 

 

 

Figure 6.58: Variability of severity of DJD in the thoracic vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 35.00 and 49.99 years 

old. 

 

 

Among five hunter-gatherer populations (Table 6.76), Lagoa Santa value is in the 

4
th

 position, being only above to Coastal Chile (MR1).  
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Lumbar vertebrae 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 13.630, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=3.662, p<0.01), while Lagoa Santa is not significantly different from farmers 

(Q=0.656, p>0.50) and foragers (Q=0.152, p>0.50; Table 6.77). 

 

 

Population Ind. Severity St. Dev. Significant 

Ag 1135 1.90 0.93 Hg 
Hg 342 2.09 0.91 Ag 

Lagoa Santa 13 2.08 1.04 - 

 

Table 6.77: Severity of DJD in the lumbar vertebrae using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=67.500, p=0.34). Lagoa Santa severity value is 

2.08. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 90
th

 of 

farming populations, and slightly below the median of foragers (Table 6.61, Table 6.78 

and Figure 6.59).  
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Sitea Subsistence Years BP Ind. Mean St. Dev. 

QUI Ag 1200 140 2.83 0.96 
CO1 Ag 790 84 2.20 0.80 
lib Ag 1835 14 2.14 0.86 

SGB Ag 700 46 2.11 0.80 
XCA Ag 990 11 2.09 0.83 
teo Ag 1625 17 2.06 0.90 
KIT Ag 2564 56 2.04 0.88 
Y1B Ag 700 24 1.96 0.62 
co9 Ag 1125 40 1.90 0.81 
TL2 Ag 3100 105 1.87 0.88 
J73 Ag 1350 28 1.86 0.80 

CUI Ag 1850 38 1.84 0.92 
MON Ag 650 55 1.80 0.97 

cot Ag 2278 5 1.80 1.10 
SUN Ag 750 49 1.73 0.88 
AZ1 Ag 1175 60 1.72 0.80 
PEA Ag 900 39 1.69 0.66 
CHB Ag 700 42 1.62 0.70 
cop Ag 1125 12 1.50 0.67 
ESB Ag 700 132 1.49 0.82 
201 Ag 600 130 1.34 0.60 
lat Ag 2050 7 1.00 0.00 

W43 Hg 1359 38 2.47 1.06 

W13 Hg 1625 10 2.40 0.97 
WO7 Hg 1075 144 2.36 0.83 
rea Hg 4663 7 2.29 0.49 

WIN Hg 7400 51 1.92 0.96 
MR1 Hg 6015 52 1.62 0.75 
111 Hg 1350 16 1.56 0.63 
101 Hg 1350 21 1.48 0.60 

APA Hg 8000 5 2.60 1.14 
SR Hg 9000 8 1.75 0.89 
LS Hg 8500 13 2.08 1.04 

a
See Table 6.3 

Table 6.78: Severity of DJD in the lumbar vertebrae for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.59: Variability of severity of DJD in the lumbar vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity. 

 

 

Among nine hunter-gatherer populations (Table 6.78), Lagoa Santa value is the 

5
th

 position. Although there is a slight trend of increasing of lumbar vertebra DJD over 

time, this trend is not statistically significant including (R
2
=0.006, p=0.68; Figure 6.60) 

and excluding Lagoa Santa of the sample (R
2
=0.001, p=0.88). The comparison of Lagoa 

Santa value with the oldest population of the database shows no significant difference 

between Lagoa Santa and “WIN” (p=0.63). 
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Figure 6.60: Temporal trend of severity of DJD in the lumbar vertebrae using 

population as unit. 

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different for males using individual as unit (χ
2
 = 8.274, p=0.02). Using a multiple 

comparison test with unequal samples, farmer and hunter-gatherer subsistence differ 

significantly (Q=2.646, 0.05<p<0.02), while Lagoa Santa is not significantly different 

from farmers (Q=1.276, p>0.50) and foragers (Q=0.536, p>0.50; Table 6.79).  
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Population 

Male Female 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 509 1.94 0.94 Hg 596 1.89 0.92 - 

Hg 131 2.16 0.90 Ag 138 2.00 0.90 - 

Lagoa Santa 8 2.38 1.06 - 4 1.50 1.00 - 

 

Table 6.79: Severity of DJD in the lumbar vertebrae by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=49.500, p=0.63). Lagoa Santa severity value is 

2.38 for males. This value is between 75
th

 and 90
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 

90
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.80, Table 6.81 

and Figure 6.61). Among seven hunter-gatherer populations (Table 6.81), Lagoa Santa 

value is in the 4
th

 position.  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Lumbar 
vertebrae 

(Males) 

Total 25 1.506 1.556 1.710 1.930 2.130 2.418 2.689 

Ag 19 1.520 1.580 1.690 1.930 2.130 2.430 . 

Hg 6 1.500 1.500 1.680 2.095 2.403 . . 

Lumbar 
vertebrae 
 (Females) 

Total 24 1.245 1.420 1.600 1.805 2.175 2.685 2.963 

Ag 18 1.200 1.434 1.620 1.805 2.003 2.382 . 

Hg 6 1.380 1.380 1.455 1.915 2.640 . . 

 

Table 6.80: Percentile of the severity of DJD in the lumbar vertebrae by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 66 2.80 1.06 73 2.85 0.88 

XCA Ag 990 7 2.43 0.79 . . . 

Y1B Ag 700 15 2.13 0.52 9 1.67 0.71 

CO1 Ag 790 32 2.13 0.71 47 2.26 0.87 

SGB Ag 700 16 2.13 0.81 30 2.10 0.80 

KIT Ag 2564 26 2.12 0.82 30 1.97 1.00 

lib Ag 1835 8 2.00 0.93 6 2.33 0.82 

co9 Ag 1125 19 2.00 0.88 21 1.81 0.75 

MON Ag 650 28 2.00 1.05 27 1.59 0.84 

teo Ag 1625 14 1.93 0.83 . . . 

J73 Ag 1350 11 1.82 0.75 16 1.81 0.83 

SUN Ag 750 30 1.80 0.89 19 1.63 0.90 

CUI Ag 1850 17 1.76 0.97 21 1.90 0.89 

TL2 Ag 3100 40 1.73 0.88 64 1.97 0.87 

AZ1 Ag 1175 16 1.69 0.79 44 1.73 0.82 

ESB Ag 700 65 1.63 0.91 52 1.46 0.78 

CHB Ag 700 12 1.58 0.67 25 1.72 0.74 

PEA Ag 900 19 1.58 0.69 20 1.80 0.62 

201 Ag 600 58 1.52 0.71 70 1.20 0.47 

cop Ag 1125 . . . 8 1.50 0.76 

W43 Hg 1359 17 2.41 1.18 21 2.52 0.98 

rea Hg 4663 5 2.40 0.55 . . . 

WO7 Hg 1075 64 2.39 0.79 61 2.20 0.89 

101 Hg 1350 5 1.80 0.84 16 1.38 0.50 

MR1 Hg 6015 27 1.74 0.86 25 1.48 0.59 

111 Hg 1350 8 1.50 0.53 8 1.63 0.74 

APA Hg 8000 5 2.60 1.14 0 . . 

SR Hg 9000 3 2.00 1.00 4 1.50 1.00 

LS Hg 8500 8 2.38 1.06 4 1.50 1.00 
a
See Table 6.3 

Table 6.81: Severity of DJD in the lumbar vertebrae by sex for Lagoa Santa and the 

populations of the comparative sample.  
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Figure 6.61: Variability of severity of DJD in the lumbar vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in males. 

 

 

Females 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different for females using individual as unit (χ
2
 = 3.128, p=0.21; Table 

6.79).  

Mann-Whitney test shows that hunter-gatherers and farmers values are not 

significantly different using population as unit (Mw=50.500, p=0.82). Lagoa Santa 

severity value is 1.50 for females. This value is between 10
th

 and 25
th

 of the total 
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comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 10
th

 and 25
th

 of farming populations, and between 25
th

 and 50
th

 of 

foragers (Table 6.80, Table 6.81 and Figure 6.62). Among six hunter-gatherer 

populations (Table 6.81), Lagoa Santa value is in the 4
th

 position. 

 

 

 

Figure 6.62: Variability of severity of DJD in the lumbar vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in females. 
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Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Mann-Whitney test (Mw=8.500, p=0.18). 

20.00-34.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 4.029, p=0.13; Table 6.82). 

  

 

Population 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 477 1.55 0.80 - 499 2.17 0.94 - 

Hg 87 1.70 0.84 - 163 2.30 0.84 - 

Lagoa Santa 4 2.00 1.15 - 5 2.40 1.14 - 

 

Table 6.82: Severity of DJD in the lumbar vertebrae by age group using individual 

as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=33.500, p=0.48). Lagoa Santa severity value is 

2.00 for 20.00-34.99 years old individuals. This value is between 75
th

 and 90
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 
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value is between 75
th

 and 90
th

 of farming populations, and between 50
th

 and 75
th

 of 

foragers (Table 6.83, Table 6.84 and Figure 6.63). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Lumbar 
vertebrae 

(20.00-
34.99) 

Total 22 1.000 1.039 1.195 1.325 1.600 2.238 2.510 

Ag 17 1.000 1.000 1.160 1.360 1.580 2.168 . 

Hg 5 1.200 1.200 1.225 1.290 2.175 . . 

Lumbar 
vertebrae 

 (35.00-
49.99) 

Total 25 1.587 1.686 1.845 2.070 2.345 2.572 3.117 

Ag 19 1.560 1.650 1.860 2.100 2.360 2.620 . 

Hg 6 1.710 1.710 1.800 2.000 2.383 . . 

 

Table 6.83: Percentile of the severity of DJD in the lumbar vertebrae by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind. Severity St. Dev. Ind. Severity St. Dev. 

QUI Ag 1200 68 2.28 0.97 66 3.33 0.56 

CO1 Ag 790 49 2.14 0.79 30 2.27 0.74 

TL2 Ag 3100 43 1.60 0.85 48 2.04 0.85 

J73 Ag 1350 10 1.60 0.84 14 1.86 0.77 

Y1B Ag 700 9 1.56 0.53 10 2.10 0.57 

KIT Ag 2564 30 1.53 0.73 26 2.62 0.75 

SGB Ag 700 17 1.47 0.62 22 2.36 0.58 

SUN Ag 750 18 1.44 0.78 29 1.83 0.89 

CUI Ag 1850 11 1.36 0.67 26 1.96 0.87 

CHB Ag 700 23 1.26 0.45 13 1.77 0.60 

PEA Ag 900 20 1.25 0.44 16 2.13 0.50 

ESB Ag 700 48 1.23 0.56 62 1.56 0.90 

MON Ag 650 28 1.18 0.55 25 2.44 0.92 

AZ1 Ag 1175 21 1.14 0.36 30 1.90 0.80 

201 Ag 600 52 1.13 0.34 37 1.65 0.82 

lat Ag 2050 5 1.00 0.00 . . . 

co9 Ag 1125 9 1.00 0.00 15 2.07 0.80 

XCA Ag 990 . . . 6 2.50 0.55 

lib Ag 1835 . . . 6 2.33 0.82 

teo Ag 1625 . . . 12 2.17 0.94 

W43 Hg 1359 11 2.55 1.04 14 2.07 1.07 

WO7 Hg 1075 40 1.80 0.82 94 2.54 0.76 

101 Hg 1350 7 1.29 0.49 6 1.83 0.41 

MR1 Hg 6015 20 1.25 0.44 27 1.93 0.78 

111 Hg 1350 5 1.20 0.45 7 1.71 0.76 

W13 Hg 1625 . . . 9 2.33 1.00 

APA Hg 8000 1 3.00 . 3 3.00 1.00 

SR Hg 9000 3 1.67 1.15 2 1.50 0.71 

LS Hg 8500 4 2.00 1.15 5 2.40 1.14 
a
See Table 6.3 

Table 6.84: Severity of DJD in the lumbar vertebrae by age group for Lagoa Santa 

and the populations of the comparative sample. 
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Figure 6.63: Variability of severity of DJD in the lumbar vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 20.00 and 34.99 years 

old. 

 

 

Among 6 hunter-gatherer populations (Table 6.84), Lagoa Santa value is in the 2
nd

 

position, being only below to Costal Southern California (W43). 

35.00-49.99 years old age group  

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 3.101, p=0.21; Table 6.82). 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using populations as unit (Mw=50.500, p=0.68). Lagoa Santa severity value is 
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2.40 for 35.00-49.99 years old individuals. This value is between 75
th

 and 90
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 75
th

 and 90
th

 of farming populations, and above 75
th

 of foragers (Table 

6.83, Table 6.84 and Figure 6.64).  

 

 

 

Figure 6.64: Variability of severity of DJD in the lumbar vertebrae for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa severity in individuals between 35.00 and 49.99 years 

old. 
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Among seven hunter-gatherer populations (Table 6.84), Lagoa Santa value is in 

the 2
nd

 position, being only below to Coastal Southern California (WO7). 

Isolated bones 
 

Using chi-square (N-1 adjusted) test, the prevalence of DJD in males and females 

are statistically similar in all joint comparisons (Table 6.85 and Figure 6.65). The ankle is 

the only joint with a trend of higher prevalence in females than males. However, the 

result is not significant (p=0.13). The elbow is the most affected joint followed by 

shoulder, wrist, knee, ankle and hip (Table 6.86). 

 

 

Joints 
Males Females 

Sig 
Ind. Affected % Ind. Affected % 

Shoulder 10 4 40.00 9 3 33.33 0.77 
Elbow 25 11 44.00 16 7 43.75 0.99 

Wrist 7 2 28.57 5 1 20.00 0.75 
Hip 9 0 0.00 3 0 0.00 - 

Knee 12 3 25.00 7 2 28.57 0.87 
Ankle 15 2 13.33 8 4 50.00 0.06 

 

Table 6.85: Prevalence of DJD by anatomical part and sex using individual as unit. 
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Figure 6.65: Prevalence of DJD by anatomical part and sex using individual as unit. 

 

 

Joints 
Total 

Ind. Affected % 

Shoulder 20 7 35.00 
Elbow 54 23 42.59 

Wrist 27 8 29.63 
Hip 12 0 0.00 

Knee 23 6 26.09 
Ankle 26 6 23.08 

 

Table 6.86: Prevalence of DJD by anatomical part using individual as unit. 

 

 

Using Mann-Whitney test, severity of DJD in males and females is statistically 

similar in all joint comparisons (Table 6.87). The ankle is the only joint with a trend 

towards higher DJD severity in females than males. However, the result is not significant 
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(p=0.06). The elbow is the most severely affected joint followed by shoulder, knee, ankle, 

wrist and hip (Table 6.88). 

 

 

Joints 
Males Females 

Sig 
Ind. Severity St. Dev. Ind. Severity St. Dev. 

Shoulder 10 1.40 0.52 9 1.33 0.50 42.000, p=0.77 

Elbow 25 1.44 0.51 16 1.44 0.51 199.500, p=0.99 

Wrist 7 1.29 0.49 5 1.20 0.45 16.000, p=0.75 

Hip 9 1.00 0.00 3 1.00 0.00 13.500, p=1.00 

Knee 12 1.25 0.45 7 1.43 0.79 39.000, p=0.74 

Ankle 15 1.13 0.35 8 1.50 0.54 38.000, p=0.06 

 

Table 6.87: Severity of DJD by anatomical part and sex using individual as unit. 

 

 

Joints 

Total 

Ind. Severity 
St. 

Dev. 

Shoulder 20 1.45 0.69 
Elbow 54 1.48 0.61 
Wrist 27 1.30 0.47 
Hip 12 1.00 0.00 

Knee 23 1.39 0.78 
Ankle 26 1.31 0.62 

 

Table 6.88: Severity of DJD by anatomical part using individual as unit. 
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Isolated vertebrae 
 

Using chi-square (N-1 adjusted) test, the prevalence of DJD in males and females 

are statistically similar for cervical and thoracic vertebrae, but they are statistically 

different for lumbar vertebrae. In the three types of vertebrae, there is a trend to more 

prevalence of DJD in males (Table 6.89 and Figure 6.66). The lumbar vertebrae are the 

most affected ones followed by cervical and thoracic vertebrae (Table 6.90). 

 

 

 

 

Table 6.89: Prevalence of DJD in the vertebral column by sex using bone as unit. 

 

 

 
 

Males 
  

Females 
 Sig 

Vertebrae Affected % Vertebrae Affected % 

Cervical 48 13 27.08 19 3 15.79 0.33 

Thoracic 65 14 21.54 21 1 4.76 0.08 

Lumbar 35 24 68.57 14 2 14.29 <0.01 
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Figure 6.66: Prevalence of DJD in the vertebral column by sex using bone as unit. 

 

 

 

Total 

Vertebrae Affected % 

Cervical 118 29 24.58 

Thoracic 197 37 18.78 
Lumbar 121 66 54.55 

 

Table 6.90: Prevalence of DJD in the vertebral column using bone as unit. 

 

 

Using Mann-Whitney test, severity of DJD in males and females is statistically 

similar for cervical and thoracic vertebrae, but it is statistically different for lumbar 

vertebrae. In the three types of vertebrae, there is a trend to more severe DJD in males 
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(Table 6.91). The lumbar vertebrae are the most severely affected ones followed by 

cervical and thoracic vertebrae (Table 6.92). 

 

 

 

 
Males 

  
Females 

 
Sig 

Vertebrae Severity 
St. 

Dev. 
Vertebrae Severity 

St. 
Dev. 

Cervical 48 1.40 0.71 19 1.26 0.65 408.500, p=0.38 

Thoracic 65 1.23 0.46 21 1.05 0.22 567.500, p=0.08 

Lumbar 35 2.06 0.94 14 1.36 0.93 128.000, p=0.01 

 

Table 6.91: Severity of DJD in the vertebral column by sex using bone as unit. 

 

 

 

Total 

Vertebrae Severity St. Dev. 

Cervical 118 1.34 0.64 
Thoracic 197 1.20 0.44 

Lumbar 121 1.77 0.83 

 

Table 6.92: Severity of DJD in the vertebral column using bone as unit. 
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Summary 
 

Long bone joints (diarthrodial) 

 

Comparative sample 

Agriculturalists show significantly more DJD than hunter-gatherers using individual as 

unit, excepting DJD in the wrist which shows an equal prevalence in both subsistence 

strategies. However, they are all statistically similar using population as unit.  

Shoulder and elbow 

Lagoa Santa value (1.62) is statistically similar to foragers, although above their 75
th

 

percentile.  

Males: Lagoa Santa value (1.57) is statistically similar to foragers, although above their 

75
th

 percentile.  

Females: Lagoa Santa value (1.80) is statistically different from foragers, although above 

their 75
th

 percentile. 

Males and females are statistically similar using individual and bones as unit. 

20.00 to 34.99 years old: Lagoa Santa value (1.11) is statistically similar to foragers, 

being above their 50
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa value (2.11) is statistically different from foragers, 

being above their 75
th

 percentile. 

Hip and Knee 
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Lagoa Santa value is (1.50) statistically similar to foragers, although above their 75
th

 

percentile.  

Males: Lagoa Santa value (1.42) is statistically similar to foragers, being above their 50
th

 

percentile.  

Females: Lagoa Santa value (1.67) is statistically similar to foragers, although above their 

75
th

 percentile. 

Males and females are statistically similar using individual and bones as unit. 

20.00 to 34.99 years old: Lagoa Santa value (0%) is statistically similar to foragers, being 

below their 50
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa value (2.11) is statistically different from foragers, 

being above their 75
th

 percentile. 

Wrist 

Lagoa Santa prevalence (32.35%) is value statistically similar to foragers, although above 

75
th

 percentile.  

Males: Lagoa Santa prevalence (40.00%) is statistically similar to foragers, although 

above their 75
th

 percentile.  

Females: Lagoa Santa prevalence (28.57%) is statistically similar to foragers, although 

above their 75
th

 percentile. 

Males and females are statistically similar using individual and bones as unit. 

20.00 to 34.99 years old: Lagoa Santa prevalence (27.27%) is statistically similar to 

foragers, being above their 75
th

 percentile. 
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35.00 to 49.99 years old: Lagoa Santa prevalence (40.00%) is statistically similar to 

foragers, being above their 75
th

 percentile. 

Vertebral osteophytosis (amphiarthrodial) 

 

Comparative sample 

Hunter-gatherers show significantly more osteophytoses than agriculturalists using 

individual as unit, excepting in the thoracic column which shows an equal prevalence in 

both subsistence strategies. However, they are all statistically similar using population as 

unit.   

Cervical vertebrae 

Lagoa Santa value (1.63) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (1.73) is statistically similar to foragers, being above their 50
th

 

percentile.  

Females: Lagoa Santa value (1.40) is statistically similar to foragers, although below their 

25
th

 percentile. 

Males and females are statistically similar using individual and vertebra as unit. 

20.00 to 34.99 years old: Lagoa Santa value (1.33) is statistically similar to foragers, 

being above their 50
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa value (2.40) is statistically similar to foragers, 

although above their 75
th

 percentile. 

Thoracic vertebrae 
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Lagoa Santa value (1.45) is statistically similar to foragers, being below 50
th

 percentile.  

Males: Lagoa Santa value (1.56) is statistically similar to foragers, being below their 50
th

 

percentile.  

Females: Lagoa Santa value (0%) is statistically similar to foragers, although below their 

5
th

 percentile. 

Males and females are statistically similar using individual as unit. There is a non-

significant trend to more affection in males using vertebra as unit. 

20.00 to 34.99 years old: Lagoa Santa value (1.25) is statistically similar to foragers, 

being above their 50
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa value (1.75) is statistically similar to foragers, 

being below their 50
th

 percentile. 

Lumbar vertebrae 

Lagoa Santa value (2.08) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (2.38) is statistically similar to foragers, being above their 50
th

 

percentile.  

Females: Lagoa Santa value (1.50) is statistically similar to foragers, being below their 

50
th

 percentile. 

Males and females are statistically similar using individual as unit. Males have 

significantly more affection than females using vertebra as unit. 

20.00 to 34.99 years old: Lagoa Santa value (2.00) is statistically similar to foragers, 

being above their 50
th

 percentile. 
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35.00 to 49.99 years old: Lagoa Santa value (2.40) is statistically similar to foragers, 

although above their 75
th

 percentile. 

  



 

357 

 

Mobility 
 

Femur midshaft diaphyseal shape (FMS) 
 

Using a one-way ANOVA, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (F=33.129, p<0.01). Using a Tukey HSD multiple 

comparison test, farmer and hunter-gatherer subsistence differ significantly (p<0.01), 

while Lagoa Santa is not significantly different from farmers (p=0.43) and foragers 

(p=0.23; Table 6.93). 

 

 

Population Ind. (N) FMS St. Dev. Significant 

Ag 1124 1.09 0.11 Hg 

Hg 323 1.15 0.11 Ag 

Lagoa Santa 34 1.11 0.09 - 

 

Table 6.93: FMS values using individual as unit. 

 

 

Mann-Whitney test shows that farmer and hunter-gatherer subsistence do not 

differ significantly using population as unit (Mw=26.500, p=0.14). Lagoa Santa value is 

1.11. This value is the same of the median of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 75
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.94, Table 6.95 and 

Figure 6.67).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

FMS 

Total 21 1.012 1.030 1.045 1.110 1.120 1.182 1.199 

Ag 15 1.010 1.022 1.040 1.080 1.120 1.132 . 

Hg 6 1.030 1.030 1.090 1.120 1.193 . . 

 

Table 6.94: Percentile of FMS values using individual as unit. 

 

 

Sitea Subsistence Years BP Ind. (N) FMS St. Dev. 

SUN Ag 750 53 1.15 0.12 
PEA Ag 900 39 1.12 0.09 
201 Ag 600 260 1.12 0.10 
teo Ag 1625 9 1.12 0.13 

MON Ag 650 60 1.12 0.10 
TL2 Ag 3100 180 1.12 0.09 
KIT Ag 2564 54 1.10 0.11 
CO1 Ag 790 123 1.08 0.09 
dol Ag 1050 20 1.07 0.19 
CUI Ag 1850 69 1.07 0.09 
cop Ag 1125 18 1.05 0.09 
J73 Ag 1350 26 1.04 0.08 

co9 Ag 1125 70 1.04 0.10 
XCA Ag 990 10 1.03 0.10 
QUI Ag 1200 133 1.01 0.09 

W42 Hg 5250 22 1.20 0.11 
W13 Hg 1625 113 1.19 0.09 
WO7 Hg 1075 77 1.12 0.10 
101 Hg 1350 50 1.12 0.15 
111 Hg 1350 56 1.11 0.12 
W38 Hg 3852 5 1.03 0.05 

APA Hg 8000 27 1.10 0.08 
SR Hg 9000 7 1.16 0.10 

LS Hg 8500 34 1.11 0.09 
a
See Table 6.3 

Table 6.95: FMS values for Lagoa Santa and the populations of the comparative 

sample. 
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Figure 6.67: Variability of FMS values for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa FMS value. 

 

 

Among seven hunter-gatherer populations (Table 6.95), Lagoa Santa is ranked in 

5
th

 position, tying with Coastal South Carolina (111) and being above Coastal Southern 

California (W38). Although there is a slight trend of decreasing FMS values over time, 

this trend is not statistically significant including (R
2
=0.040, p=0.37; Figure 6.68) and 

excluding Lagoa Santa of the sample (R
2
=0.063, p=0.27). However, the oldest population 

in the sample, excepting Lagoa Santa, is the W42, dated only to 5,250 yr. BP.  
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Figure 6.68: Temporal trend of FMS values using population as unit. 

 

 

 

Males 

 

Using a one-way ANOVA, farmers, foragers and Lagoa Santa are significantly 

different for males using individual as unit (F=8.500, p<0.01). Using a Tukey HSD 

multiple comparison test, farmer and hunter-gatherer subsistence differ significantly 

(p<0.01), while Lagoa Santa is not significantly different from farmers (p=1.00) and 

foragers (p=0.38; Table 6.96). 
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 Population 

Male Female Sexual 
Dimorphism 

(%) 

T-test 
(p) Ind.  FMS 

St. 
Dev. 

Sig Ind.  FMS 
St. 

Dev. 
Sig 

Ag 490 1.12 0.11 Hg 569 1.07 0.10 Hg 4.67 <0.01* 

Hg 126 1.16 0.11 Ag 162 1.13 0.10 Ag 2.65 0.01 

Lagoa Santa 13 1.12 0.10 - 9 1.10 0.07 - 1.82 0.33** 

* Not assuming equal variances (Levene’s test p<0.05) ** Mann-Whitney test 

Table 6.96: FMS values by sex and percentage of sexual dimorphism using 

individual as unit. 

 

 

Mann-Whitney test shows that farmer and hunter-gatherer subsistence do not 

differ significantly using population as unit (Mw=17.000, p=0.07). Lagoa Santa value is 

1.12 for males. This value is between 25
th

 and 50
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 

75
th

 of farming populations, and between 10
th

 and 25
th

 of foragers (Table 6.97, Table 6.98 

and Figure 6.69).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

FMS 
(Males) 

Total 20 1.041 1.050 1.073 1.140 1.160 1.190 1.200 

Ag 15 1.040 1.046 1.060 1.110 1.160 1.178 . 

Hg 5 1.110 1.110 1.125 1.160 1.195 . . 

FMS 
 (Females) 

Total 18 0.980 1.007 1.045 1.080 1.100 1.172 . 

Ag 13 0.980 0.992 1.030 1.070 1.085 1.100 . 

Hg 5 1.080 1.080 1.080 1.110 1.180 . . 

 

Table 6.97: Percentile of FMS values by sex using individual as unit. 
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Site
a
 Subsistence 

Years 
BP 

Males Females Sexual 
dimorphism 

(%) 

Mw 
(p) Ind.  FMS 

St. 
Dev. 

Ind.  FMS 
St. 

Dev. 

SUN Ag 750 31 1.19 0.12 22 1.09 0.08 9.17 <0.01 

KIT Ag 2564 25 1.17 0.10 28 1.05 0.10 11.43 <0.01 

PEA Ag 900 21 1.16 0.08 18 1.07 0.09 8.41 0.01 

MON Ag 650 31 1.16 0.10 29 1.08 0.07 7.41 <0.01 

201 Ag 600 96 1.15 0.09 127 1.10 0.09 4.55 <0.01 

TL2 Ag 3100 80 1.14 0.10 96 1.10 0.09 3.64 0.048 

teo Ag 1625 7 1.14 0.14 . . . . . 

CO1 Ag 790 45 1.11 0.11 61 1.08 0.08 2.78 0.33 

cop Ag 1125 6 1.10 0.12 12 1.03 0.08 6.80 0.28 

CUI Ag 1850 31 1.08 0.10 35 1.06 0.09 1.89 0.39 

co9 Ag 1125 31 1.07 0.09 39 1.01 0.09 5.94 0.04 

XCA Ag 990 6 1.06 0.09 . . . . . 

dol Ag 1050 8 1.05 0.27 11 1.08 0.14 -2.78 1.00 

J73 Ag 1350 12 1.05 0.10 14 1.03 0.06 1.94 0.92 

QUI Ag 1200 60 1.04 0.08 71 0.98 0.08 6.12 <0.01 

W13 Hg 1625 44 1.20 0.09 69 1.17 0.08 2.56 0.08 

W42 Hg 5250 11 1.19 0.12 10 1.19 0.09 0.00 0.83 

111 Hg 1350 16 1.16 0.07 29 1.08 0.08 7.41 <0.01 

WO7 Hg 1075 39 1.14 0.09 29 1.08 0.10 5.56 0.03 

101 Hg 1350 14 1.11 0.19 22 1.11 0.13 0.00 0.36 

APA Hg 8000 11 1.11 0.09 5 1.08 0.05 2.78 0.46 

SR Hg 9000 2 1.22 0.12 4 1.12 0.10 8.93 0.17 

LS Hg 8500 13 1.12 0.10 9 1.10 0.07 1.82 0.33 
a
See Table 6.3 

Table 6.98: FMS values by sex and sexual dimorphism for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.69: Variability of FMS values for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa FMS value in 

males. 

 

 

Among seven hunter-gatherer populations (Table 6.98), Lagoa Santa value is 

ranked in the 5
th

 position, being only above to Coastal South Carolina (111).  

Females 

 

Using a one-way ANOVA, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (F=28.867, p<0.01). Using a Tukey HSD multiple 

comparison test, farmer and hunter-gatherer subsistence differ significantly (p<0.01), 
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while Lagoa Santa is not significantly different from farmers (p=0.60) and foragers 

(p=0.56; Table 6.96).  

Mann-Whitney test shows that farmer and hunter-gatherer subsistence differ 

significantly using population as unit (Mw=9.000, p=0.02). Lagoa Santa value is 1.10 for 

females. This value is the same of the 75
th

 percentile of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is the same of the 

90
th

 percentile of farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.97, 

Table 6.98 and Figure 6.70). Among six hunter-gatherer populations (Table 6.98), Lagoa 

Santa value is ranked in the 4
th

 position.  
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Figure 6.70: Variability of FMS values for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa FMS value in 

females. 

 

 

Sexual dimorphism 
 

This analysis calculates the percentage of sexual dimorphism for each population 

of the database. However, this percentage does not account for the standard deviation of 

either males or females sub-samples. In order to consider the distribution of the data, 

Mann-Whitney tests were used to assess statistically the difference between males and 

females. A non-parametric test was adopted due to the small sample sizes involved. 
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Farmers showed 8 out of 13 populations (61.54%) with significant statistical difference, 

all of them showing males with higher FMS values than females. The hunter-gatherers 

showed significant difference in 2 out of 5 populations (40.00%), with higher values for 

males than females (Table 6.98). Using individual as unit, farmer subsistence showed 

higher sexual dimorphism than hunter-gatherers. Both subsistence strategies showed 

significantly higher values for males than for females. In turn, Lagoa Santa did not show 

a significant difference between males and females. In addition, Lagoa Santa showed the 

lowest sexual dimorphism compared to the two subsistence strategies (Table 6.96 and 

Figure 6.71). 

 

 

 

Figure 6.71: Percentage of sexual dimorphism for FMS values using individual as 

unit. 
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The graphic analysis aims to contextualize the position of Lagoa Santa in relation 

to the WHP database. Mann-Whitney test resulted in no significant difference between 

farmer and hunter-gatherer subsistence using population as unit (Mw=20.500, p=0.23). 

Lagoa Santa sexual dimorphism value of FMS is 1.82%. This value is slightly below 25
th

 

of the total comparative sample. If the data are divided into subsistence strategies, the 

Lagoa Santa value is between 10
th

 and 25
th

 of farming populations, and below 50
th

 of 

foragers (Table 6.98, Table 6.99 and Figure 6.72). Among six hunter-gatherer 

populations (Table 6.98), Lagoa Santa is ranked in the 4
th

 position, being only above to 

Coastal South Carolina populations (101 and 111). 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Sexual 
dimorphism 

(FMS) 

Total 18 -2.780 -0.278 1.928 5.055 7.410 9.396 . 

Ag 13 -2.780 -0.912 2.360 5.940 7.910 10.526 . 

Hg 5 0.000 0.000 0.000 2.560 6.485 . . 

 

Table 6.99: Percentile of percentage of sexual dimorphism in FMS and TA (Stand.) 

using individual as unit. 
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Figure 6.72: Variability of percentage of sexual dimorphism in FMS for 

agriculturalists and hunter-gatherers using individual as unit. The dotted line 

represents the Lagoa Santa sexual dimorphism percentage in FMS. 

 

 

Summary  
 

Comparative sample 

Hunter-gatherers show higher values of FMS than agriculturalists using individual as 

unit. However, they are statistically similar using population as unit, excepting in the 

analysis of females FMS.  

FMS  

Lagoa Santa value (1.11) is statistically similar to foragers, being below their 50
th

 

percentile.  
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Males: Lagoa Santa value (1.12) is statistically similar to foragers, although below their 

25
th

 percentile.  

Females: Lagoa Santa value (1.10) is statistically similar to foragers, being below their 

50
th

 percentile. 

Sexual dimorphism 

Males and females are statistically similar regarding sexual dimorphism (1.82%). The 

sexual dimorphism value is below 50
th

 percentile of hunter-gatherers. 
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Accidental injury 
 

Arm 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 18.151, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=5.385, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=0.630, p>0.50) and foragers (q=0.816, p>0.50; Table 6.100). 

 

 

Population Ind. Affected % Sig 

Ag 2404 75 3.12 Hg 
Hg 489 35 7.16 Ag 

Lagoa Santa 30 1 3.33 - 

 

Table 6.100: Prevalence of traumas in the arm using individual as unit. 

  

 

 Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=47.000, p=0.02). Lagoa Santa prevalence is 

3.33%. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 75
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.101, Table 6.102 and 

Figure 6.73). 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Arm 
 

Total 31 0.00 0.00 0.66 3.13 5.88 10.71 16.49 

Ag 22 0.00 0.00 0.00 2.57 5.10 8.13 9.00 

Hg 9 2.50 2.50 2.98 4.55 12.63 . . 

Leg 

Total 31 0.00 0.00 0.00 2.36 3.38 6.01 8.19 

Ag 22 0.00 0.00 0.00 2.43 3.66 6.19 10.38 

Hg 9 0.00 0.00 0.00 1.00 3.47 . . 

 

Table 6.101: Percentile of the prevalence of traumas in the arm and leg using 

individual as unit. 
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Sitea Subsistence Years BP Ind. Affected % 

lat Ag 2050 22 2 9.09 
QUI Ag 1200 200 17 8.50 
lib Ag 1835 69 5 7.25 

PEA Ag 900 82 5 6.10 
ESB Ag 700 208 11 5.29 

MON Ag 650 119 6 5.04 
KIT Ag 2564 121 5 4.13 
dol Ag 1050 28 1 3.57 
cot Ag 2278 57 2 3.51 
CUI Ag 1850 102 3 2.94 
CO1 Ag 790 180 5 2.78 

TL2 Ag 3100 255 6 2.35 
co9 Ag 1125 136 3 2.21 
SUN Ag 750 128 2 1.56 
201 Ag 600 303 2 0.66 
CHB Ag 700 92 0 0.00 
SGB Ag 700 62 0 0.00 
Y1B Ag 700 57 0 0.00 
XCA Ag 990 21 0 0.00 
J73 Ag 1350 84 0 0.00 
cop Ag 1125 32 0 0.00 
teo Ag 1625 46 0 0.00 

W42 Hg 5250 15 3 20.00 

WIN Hg 7400 106 15 14.15 
101 Hg 1350 45 5 11.11 
W43 Hg 1359 51 3 5.88 
osg Hg 7425 22 1 4.55 

WO7 Hg 1075 107 4 3.74 
W13 Hg 1625 32 1 3.13 
111 Hg 1350 71 2 2.82 
rea Hg 4663 40 1 2.50 

APA Hg 8000 23 1 4.35 
SR Hg 9000 7 0 0.00 
LS Hg 8500 30 1 3.33 

a
See Table 6.3 

Table 6.102: Prevalence of traumas in the arm for Lagoa Santa and the populations 

of the comparative sample. 
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Figure 6.73: Prevalence of traumas in the arm for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among 10 hunter-gatherer populations (Table 6.102), Lagoa Santa value is in the 

7
th

 position. There is a significant trend of decreasing of trauma in the arms over time 

including (R
2
=0.174, p=0.02; Figure 6.74) and excluding Lagoa Santa of the sample 

(R
2
=0.272, p<0.01). The comparisons between Lagoa Santa with the two oldest 

populations in the database show no statistical difference from “osg” (p=1.00) using the 

Fisher Exact test and no difference from “WIN” (χ
2
 = 2.617, p=0.11) using chi-square 

(N-1 adjusted) test. 
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Figure 6.74: Temporal trend of prevalence of traumas in the arm using population 

as unit.  

 

 

Males 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are not significantly different for males using individual as unit (χ
2
 = 0.991, 0.75< 

p<0.50; Table 6.103). 
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Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 743 45 6.06 - 826 27 3.27 Hg 

Hg 178 14 7.87 - 183 17 9.29 Ag 

Lagoa Santa 10 1 10.00 - 6 0 0.00 - 

 

Table 6.103: Prevalence of traumas in the arm by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=78.500, p=0.36). Lagoa Santa prevalence is 

10.00% for males. This value is between 50
th

 and 75
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 

90
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.104, Table 

6.105 and Figure 6.75). 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Arm  
(Males) 

 

Total 31 0.00 0.00 0.00 4.55 12.12 14.63 17.00 

Ag 22 0.00 0.00 0.00 2.15 9.85 13.79 14.58 

Hg 9 0.00 0.00 0.00 6.67 15.48 . . 

Arm  
(Females) 

Total 30 0.00 0.00 0.00 2.47 9.20 15.04 20.78 

Ag 22 0.00 0.00 0.00 1.26 4.60 11.73 14.87 

Hg 8 0.00 0.00 0.66 6.55 17.68 . . 

  

Table 6.104: Percentile of the prevalence of traumas in the arm by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Affected % Ind. Affected % 

MON Ag 650 34 5 14.71 32 1 3.13 

ESB Ag 700 65 9 13.85 42 1 2.38 

PEA Ag 900 22 3 13.64 21 2 9.52 

KIT Ag 2564 30 4 13.33 39 1 2.56 

QUI Ag 1200 66 8 12.12 75 9 12.00 

lib Ag 1835 33 3 9.09 18 2 11.11 

dol Ag 1050 11 1 9.09 15 0 0.00 

SUN Ag 750 29 2 6.90 24 0 0.00 

TL2 Ag 3100 90 5 5.56 122 1 0.82 

co9 Ag 1125 44 2 4.55 59 1 1.69 

CUI Ag 1850 45 1 2.22 45 2 4.44 

CO1 Ag 790 48 1 2.08 59 3 5.08 

201 Ag 600 92 1 1.09 120 1 0.83 

lat Ag 2050 7 0 0.00 13 2 15.38 

cot Ag 2278 16 0 0.00 29 1 3.45 

CHB Ag 700 15 0 0.00 27 0 0.00 

SGB Ag 700 20 0 0.00 24 0 0.00 

Y1B Ag 700 17 0 0.00 14 0 0.00 

XCA Ag 990 13 0 0.00 5 0 0.00 

J73 Ag 1350 16 0 0.00 21 0 0.00 

cop Ag 1125 12 0 0.00 13 0 0.00 

teo Ag 1625 18 0 0.00 9 0 0.00 

WIN Hg 7400 40 7 17.50 30 6 20.00 

osg Hg 7425 6 1 16.67 11 0 0.00 

W42 Hg 5250 7 1 14.29 . . . 

WO7 Hg 1075 45 3 6.67 38 1 2.63 

W13 Hg 1625 15 1 6.67 14 0 0.00 

111 Hg 1350 21 1 4.76 25 1 4.00 

101 Hg 1350 8 0 0.00 23 5 21.74 

W43 Hg 1359 22 0 0.00 28 3 10.71 

rea Hg 4663 14 0 0.00 11 1 9.09 

APA Hg 8000 8 1 12.50 5 0 0.00 

SR Hg 9000 2 0 0.00 1 0 0.00 

LS Hg 8500 10 1 10.00 6 0 0.00 
a
See Table 6.3 

Table 6.105: Prevalence of traumas in the arm by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.75: Prevalence of traumas in the arm for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 

 

 

Among 10 hunter-gatherer populations (Table 6.105), Lagoa Santa value is in the 

4
th

 position. The comparisons between Lagoa Santa with the two oldest populations in the 

database show no statistical difference from “osg” (p=1.00) using Fisher Exact test and 

no difference from “WIN” (χ
2
 = 0.328, p=0.57) using chi-square (N-1 adjusted) test. 

Females 

 

Using a chi-square test in females, farmers, foragers and Lagoa Santa are 

significantly different for females using individual as unit (χ
2
 = 13.369, p<0.01). Using a 
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chi-square (N-1 adjusted) test, farmer and hunter-gather subsistence differ significantly 

(χ
2
 = 13.008, p<0.01), while Lagoa Santa is statistically similar to farmers (p=1.00) and 

foragers (p=1.00) using Fisher Exact test (Table 6.103). 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=56.000, p=0.12). Lagoa Santa prevalence is 

0.00% for females. This value is below 50
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is below 50
th

 of 

farming populations, and below 25
th

 of foragers (Table 6.104, Table 6.105 and Figure 

6.76). 

 

 

  

Figure 6.76: Prevalence of traumas in the arm for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 
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Among nine hunter-gatherer populations (Table 6.105), Lagoa Santa value is the 

lowest, tied with Santa Elena, Ecuador (osg) and Coastal Southern California (W13). The 

comparisons between Lagoa Santa with the two oldest populations in the database show 

no statistical difference from “osg” (identical values) and from “WIN” (p=0.24) using 

Chi-square (N-1 adjusted) test. 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Fisher Exact test (p=1.00). 

 

Subadults 

 

Using an Exact test in subadults, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (p=1.00). Running a Fisher Exact test, 

farmer and hunter-gatherer subsistence do not differ significantly (p=1.00), while Lagoa 

Santa is statistically similar to farmers (p=1.00) and foragers (identical values; Table 

6.106).  
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Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 889 4 0.45 - 1491 71 4.76 - 

Hg 78 0 0.00 - 290 20 6.90 - 

Lagoa Santa 15 0 0.00 - 15 1 6.67 - 

 

Table 6.106: Prevalence of traumas in the arm by age group using individual as 

unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=51.000, p=0.32). Lagoa Santa prevalence is 

0.00% for subadults. This value is below 90
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa value is below 90
th

 of farming 

populations, and similar to all foraging populations (Table 6.107, Table 6.108 and Figure 

6.77). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Arm 
(Subadults) 

 

Total 26 0.00 0.00 0.00 0.00 0.00 1.64 2.21 

Ag 20 0.00 0.00 0.00 0.00 0.00 1.75 2.41 

Hg 6 . . . . . . . 

Arm 
(Adults) 

Total 30 0.00 0.00 0.80 4.14 9.52 11.91 18.81 

Ag 22 0.00 0.00 0.00 3.50 9.52 10.31 11.83 

Hg 8 3.70 3.70 4.03 5.35 14.03 . . 

 

Table 6.107: Percentile of the prevalence of traumas in the arm by age group using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 59 0 0.00 141 17 12.06 

lat Ag 2050 . . . 19 2 10.53 

lib Ag 1835 17 0 0.00 51 5 9.80 

PEA Ag 900 41 1 2.44 41 4 9.76 

MON Ag 650 57 0 0.00 62 6 9.68 

ESB Ag 700 113 2 1.77 95 9 9.47 

KIT Ag 2564 55 0 0.00 66 5 7.58 

cot Ag 2278 18 0 0.00 39 2 5.13 

dol Ag 1050 5 0 0.00 23 1 4.35 

SUN Ag 750 77 0 0.00 51 2 3.92 

CO1 Ag 790 63 1 1.59 114 4 3.51 

CUI Ag 1850 15 0 0.00 86 3 3.49 

co9 Ag 1125 39 0 0.00 97 3 3.09 

TL2 Ag 3100 52 0 0.00 202 6 2.97 

201 Ag 600 97 0 0.00 188 2 1.06 

XCA Ag 990 . . . 17 0 0.00 

CHB Ag 700 50 0 0.00 42 0 0.00 

SGB Ag 700 20 0 0.00 42 0 0.00 

Y1B Ag 700 30 0 0.00 27 0 0.00 

J73 Ag 1350 48 0 0.00 36 0 0.00 

cop Ag 1125 7 0 0.00 25 0 0.00 

teo Ag 1625 19 0 0.00 27 0 0.00 

W42 Hg 5250 . . . 14 3 21.43 

101 Hg 1350 6 0 0.00 30 5 16.67 

W43 Hg 1359 . . . 49 3 6.12 

osg Hg 7425 5 0 0.00 17 1 5.88 

WO7 Hg 1075 24 0 0.00 83 4 4.82 

111 Hg 1350 21 0 0.00 44 2 4.55 

rea Hg 4663 14 0 0.00 26 1 3.85 

W13 Hg 1625 5 0 0.00 27 1 3.70 

APA Hg 8000 10 0 0.00 13 1 7.69 

SR Hg 9000 5 0 0.00 2 0 0.00 

LS Hg 8500 15 0 0.00 15 1 6.67 
a
See Table 6.3 

Table 6.108: Prevalence of traumas in the arm by age group for Lagoa Santa and 

the populations of the comparative sample. 
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Figure 6.77: Prevalence of traumas in the arm for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in subadults. 

 

 

Among seven hunter-gatherer populations (Table 6.108), Lagoa Santa subadults 

show similar values to all foraging populations. Lagoa Santa and the oldest population in 

the database (osg) show identical prevalence (no statistical test). 

Adults 

 

Using a test of comparison of three proportions in adults, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 2.350, 0.50< 

p<0.25; Table 6.106).  



 

383 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=50.000, p=0.07). Lagoa Santa prevalence is 

6.67% for adults. This value is between 50
th

 and 75
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 

75
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.107, Table 

6.108 and Figure 6.78). 

 

 

 

Figure 6.78: Prevalence of traumas in the arm for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in adults. 
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Among nine hunter-gatherer populations (Table 6.106), Lagoa Santa value is in 

the 3
rd

 position, being below to Coastal Southern California (W42) and Coastal South 

Carolina (101). Lagoa Santa and the oldest population in the database (osg) show 

statistically similar values (p=1.00) using Fisher Exact test. 

Leg 
 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 1.357, p=0.51). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 0.619, 

p=0.43, Table X). Using Fisher Exact test, Lagoa Santa is statistically similar to farmers 

(p=1.00) and foragers (p=1.00; Table 6.109). 

 

 

Population Ind. Affected % Sig 

Ag 2533 53 2.09 - 
Hg 680 11 1.62 - 

Lagoa Santa 36 0 0.00 - 

 

Table 6.109: Prevalence of traumas in the leg using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=85.000, p=0.53). Lagoa Santa prevalence is 

0.00%. This value is below 50
th

 of the total comparative sample. If the data are divided 
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into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming populations, 

and below 50
th

 of foragers (Table 6.101, Table 6.110 and Figure 6.79). 
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Sitea Subsistence Years BP Ind. Affected % 

lat Ag 2050 18 2 11.11 
teo Ag 1625 48 3 6.25 
dol Ag 1050 33 2 6.06 
lib Ag 1835 69 4 5.80 

CO1 Ag 790 201 9 4.48 
co9 Ag 1125 148 5 3.38 

MON Ag 650 122 4 3.28 
cot Ag 2278 65 2 3.08 
QUI Ag 1200 199 6 3.02 
CUI Ag 1850 107 3 2.80 
TL2 Ag 3100 281 7 2.49 

SUN Ag 750 127 3 2.36 
KIT Ag 2564 119 1 0.84 
201 Ag 600 331 2 0.60 
CHB Ag 700 85 0 0.00 
ESB Ag 700 232 0 0.00 
SGB Ag 700 58 0 0.00 
Y1B Ag 700 54 0 0.00 
XCA Ag 990 24 0 0.00 
J73 Ag 1350 85 0 0.00 
PEA Ag 900 92 0 0.00 
cop Ag 1125 35 0 0.00 

WIN Hg 7400 112 5 4.46 

W43 Hg 1359 49 2 4.08 
rea Hg 4663 35 1 2.86 
111 Hg 1350 72 2 2.78 
W13 Hg 1625 100 1 1.00 
101 Hg 1350 46 0 0.00 
osg Hg 7425 20 0 0.00 

WO7 Hg 1075 169 0 0.00 
W42 Hg 5250 77 0 0.00 

APA Hg 8000 24 0 0.00 
SR Hg 9000 12 0 0.00 
LS Hg 8500 36 0 0.00 

a
See Table 6.3 

Table 6.110: Prevalence of traumas in the leg for Lagoa Santa and the populations 

of the comparative sample. 
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Figure 6.79: Prevalence of traumas in the leg for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among 10 hunter-gatherer populations (Table 6.110), Lagoa Santa value is in the 

last position, tied with 4 other populations. There is no temporal trend of trauma in the 

legs including (R
2
=0.002, p=0.82; Figure 6.80) and excluding Lagoa Santa of the sample 

(R
2
=0.003, p=0.79). The comparisons between Lagoa Santa with the two oldest 

populations in the database show no statistical difference from “osg” (identical values) 

and from “WIN” (χ
2
 = 1.652, p=0.20) using chi-square (N-1 adjusted) test. 

 

 



 

388 

 

 

Figure 6.80: Temporal trend of prevalence of traumas in the leg using population as 

unit. 

 

 

Males 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 4.540, p=0.10). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 4.156, p=0.04). 

Using Fisher Exact test, Lagoa Santa is statistically similar to farmers (p=1.00) and 

foragers (p=1.00; Table 6.111). 
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 Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 763 30 3.93 Hg 861 21 2.44 - 

Hg 241 3 1.24 Ag 266 6 2.26 - 

Lagoa Santa 10 0 0.00 - 9 0 0.00 - 

 

Table 6.111: Prevalence of traumas in the leg by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=64.500, p=0.25). Lagoa Santa prevalence is 

0.00% for males. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming 

populations, and below 75
th

 of foragers (Table 6.112, Table 6.113 and Figure 6.81). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Leg  
(Males) 

 

Total 30 0.00 0.00 0.00 1.63 6.40 9.73 10.50 

Ag 22 0.00 0.00 0.00 2.63 7.56 9.94 10.94 

Hg 8 0.00 0.00 0.00 0.00 3.89 . . 

Leg 
(Females) 

Total 31 0.00 0.00 0.00 0.76 4.00 8.45 14.34 

Ag 22 0.00 0.00 0.00 1.75 4.29 8.13 20.25 

Hg 9 0.00 0.00 0.00 0.00 3.93 . . 

 

Table 6.112: Percentile of the prevalence of traumas in the leg by sex using 

individual as unit. 
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Sitea Subsistence Years BP 
Males Females 

Ind. Affected % Ind. Affected % 

teo Ag 1625 18 2 11.11 11 1 9.09 
SUN Ag 750 30 3 10.00 23 0 0.00 
CO1 Ag 790 51 5 9.80 64 2 3.13 
lib Ag 1835 33 3 9.09 17 1 5.88 

MON Ag 650 34 3 8.82 32 1 3.13 
dol Ag 1050 14 1 7.14 17 1 5.88 
QUI Ag 1200 65 4 6.15 73 2 2.74 
cot Ag 2278 19 1 5.26 30 1 3.33 
co9 Ag 1125 48 2 4.17 61 3 4.92 
KIT Ag 2564 27 1 3.70 38 0 0.00 

TL2 Ag 3100 99 3 3.03 131 4 3.05 
CUI Ag 1850 45 1 2.22 49 2 4.08 
201 Ag 600 96 1 1.04 131 1 0.76 
lat Ag 2050 7 0 0.00 9 2 22.22 

CHB Ag 700 15 0 0.00 25 0 0.00 
ESB Ag 700 67 0 0.00 46 0 0.00 
SGB Ag 700 16 0 0.00 21 0 0.00 
Y1B Ag 700 15 0 0.00 14 0 0.00 
XCA Ag 990 14 0 0.00 8 0 0.00 
J73 Ag 1350 15 0 0.00 22 0 0.00 
PEA Ag 900 23 0 0.00 23 0 0.00 
cop Ag 1125 12 0 0.00 16 0 0.00 

rea Hg 4663 12 1 8.33 10 0 0.00 
W43 Hg 1359 23 1 4.35 26 1 3.85 
WIN Hg 7400 40 1 2.50 33 3 9.09 
111 Hg 1350 17 0 0.00 25 1 4.00 
W13 Hg 1625 41 0 0.00 45 1 2.22 
101 Hg 1350 10 0 0.00 25 0 0.00 

WO7 Hg 1075 67 0 0.00 63 0 0.00 
W42 Hg 5250 28 0 0.00 28 0 0.00 
osg Hg 7425 . . . 11 0 0.00 

APA Hg 8000 9 0 0.00 5 0 0.00 
SR Hg 9000 1 0 0.00 4 0 0.00 

LS Hg 8500 10 0 0.00 9 0 0.00 
a
See Table 6.3 

Table 6.113: Prevalence of traumas in the leg by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.81: Prevalence of traumas in the leg for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 

 

 

Among nine hunter-gatherer populations (Table 6.113), Lagoa Santa shows the 

lowest value, tied with 5 other populations. The comparison between Lagoa Santa with 

the oldest population in the database (WIN) shows no statistical difference using Fisher 

Exact test (p=1.00). 

Females 

 

Using a chi-square test in females, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 0.250, p=0.82). Running a chi-square 
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(N-1 adjusted) test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 

= 0.029, p=0.86). Using Fisher Exact test, Lagoa Santa is statistically similar to farmers 

(p=1.00) and foragers (p=1.00; Table 6.111).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=88.500, p=0.63). Lagoa Santa prevalence is 

0.00% for females. This value is below 50
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming 

populations, and below 75
th

 of foragers (Table 6.112, Table 6.113 and Figure 6.82). 
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Figure 6.82: Prevalence of traumas in the leg for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 

 

 

Among 10 hunter-gatherer populations (Table 6.113), Lagoa Santa shows the 

lowest value, tied with five other populations. The comparisons between Lagoa Santa 

with the two oldest populations in the database show no statistical difference from “osg” 

(identical values) and from “WIN” (p=1.00) using Fisher Exact test. 
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Males versus females 

 

Males and females of Lagoa Santa show identical prevalence of traumas in the leg 

(no statistical test). 

Subadults 

 

Using a Fisher Exact test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (p=1.00). Using a Fisher Exact test, farmer and hunter-

gatherer subsistence do not differ significantly (p=1.00), while Lagoa Santa is statistically 

similar to farmers (p=1.00) and foragers (no statistical test; Table 6.114).  

 

 

Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 942 1 0.11 - 1558 51 3.27 Hg 

Hg 104 0 0.00 - 445 6 1.35 Ag 

Lagoa Santa 16 0 0.00 - 20 0 0.00 - 

 

Table 6.114: Prevalence of traumas in the leg by age group using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=66.500, p=0.55). Lagoa Santa prevalence is 

0.00% for subadults. This value is below 95
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa value is below 95
th

 of farming 
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populations, and similar to all foraging populations (Table 6.115, Table 6.116 and Figure 

6.83).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Leg  
(Subadults) 

 

Total 27 0.00 0.00 0.00 0.00 0.00 0.00 0.58 

Ag 20 0.00 0.00 0.00 0.00 0.00 0.00 0.92 

Hg 7 . . . . . . . 

Leg  
(Adults) 

Total 30 0.00 0.00 0.00 2.36 5.32 7.94 11.89 

Ag 22 0.00 0.00 0.00 3.23 6.38 9.90 12.94 

Hg 8 0.00 0.00 0.00 0.58 4.17 . . 

 

Table 6.115: Percentile of the prevalence of traumas in the leg by age group using 

individual as unit. 
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Sitea Subsistence Years BP 
Subadults Adults 

Ind. Affected % Ind. Affected % 

lat Ag 2050 . . . 15 2 13.33 
teo Ag 1625 20 0 0.00 28 3 10.71 
lib Ag 1835 18 0 0.00 50 4 8.00 
dol Ag 1050 6 0 0.00 27 2 7.41 

MON Ag 650 60 0 0.00 62 4 6.45 
CO1 Ag 790 70 0 0.00 126 8 6.35 
SUN Ag 750 76 0 0.00 51 3 5.88 
co9 Ag 1125 46 0 0.00 102 5 4.90 
QUI Ag 1200 62 0 0.00 137 6 4.38 
cot Ag 2278 17 0 0.00 48 2 4.17 

CUI Ag 1850 15 0 0.00 90 3 3.33 
TL2 Ag 3100 56 0 0.00 224 7 3.13 
KIT Ag 2564 56 0 0.00 63 1 1.59 
201 Ag 600 103 1 0.97 204 1 0.49 
XCA Ag 990 . . . 22 0 0.00 
CHB Ag 700 45 0 0.00 40 0 0.00 
ESB Ag 700 131 0 0.00 101 0 0.00 
SGB Ag 700 23 0 0.00 35 0 0.00 
Y1B Ag 700 29 0 0.00 25 0 0.00 
J73 Ag 1350 49 0 0.00 36 0 0.00 
PEA Ag 900 48 0 0.00 44 0 0.00 
cop Ag 1125 7 0 0.00 28 0 0.00 

111 Hg 1350 21 0 0.00 39 2 5.13 
W43 Hg 1359 . . . 48 2 4.17 
rea Hg 4663 11 0 0.00 24 1 4.17 

W13 Hg 1625 14 0 0.00 86 1 1.16 
101 Hg 1350 6 0 0.00 33 0 0.00 
osg Hg 7425 6 0 0.00 14 0 0.00 

WO7 Hg 1075 40 0 0.00 129 0 0.00 
W42 Hg 5250 5 0 0.00 72 0 0.00 

APA Hg 8000 10 0 0.00 14 0 0.00 
SR Hg 9000 6 0 0.00 6 0 0.00 
LS Hg 8500 16 0 0.00 20 0 0.00 

a
See Table 6.3 

Table 6.116: Prevalence of traumas in the leg by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.83: Prevalence of traumas in the leg for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in subadults. 

 

 

Among 10 hunter-gatherer populations (Table 6.116), Lagoa Santa shows similar 

value to all foraging populations. Lagoa Santa and the oldest population in the database 

(osg) show identical prevalence of trauma in the leg in subadults (no statistical test). 

Adults 

 

Using a chi-square test in adults, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (χ
2
 = 5.270, p=0.07). Using a chi-square 

(N-1 adjusted) test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 
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4.638, p=0.03). Using Fisher Exact test, Lagoa Santa is statistically similar to farmers 

(p=1.00) and foragers (p=1.00; Table 6.114).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=65.000, p=0.27). Lagoa Santa prevalence is 

0.00% for adults. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.115, Table 6.116 and Figure 6.84).  

 

 

 

Figure 6.84: Prevalence of traumas in the leg for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in adults. 
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Among nine hunter-gatherer populations (Table 6.116), Lagoa Santa shows the 

lowest value, tied with four other populations. Lagoa Santa and the oldest population in 

the database (osg) show identical prevalence of trauma in the leg in adults (no statistical 

test). 

Hands 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 13.431, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gather subsistence differ 

significantly (q=4.258, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.654, 0.50<p<0.20) and foragers (q=0.513, p>0.50; Table 6.117). 

 

 

Population Ind. Affected % Sig 

Ag 1649 31 1.88 Hg 
Hg 202 12 5.94 Ag 

Lagoa Santa 50 2 4.00 - 

 

Table 6.117: Prevalence of traumas in the hands using individual as unit. 

 

 

 Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=20.000, p=0.04). Lagoa Santa prevalence is 

4.00%. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 
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divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 90
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.118, Table 6.119 and 

Figure 6.85). 

 

 

 Subsistence N 5
th

 10th 25th 50th 75th 90th 95th 

Hands 
 

Total 24 0.00 0.00 0.00 1.11 4.33 14.35 26.43 

Ag 19 0.00 0.00 0.00 0.00 3.13 6.59 . 

Hg 5 0.00 0.00 2.18 4.55 14.35 . . 

  

Table 6.118: Percentile of the prevalence of traumas in the hands using individual as 

unit. 
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Sitea Subsistence Years BP Ind. Affected % 

lib Ag 1835 7 2 28.57 
QUI Ag 1200 167 11 6.59 
KIT Ag 2564 47 2 4.26 
cop Ag 1125 27 1 3.70 
CO1 Ag 790 160 5 3.13 
CUI Ag 1850 47 1 2.13 
ESB Ag 700 325 6 1.85 
201 Ag 600 166 2 1.20 
co9 Ag 1125 98 1 1.02 
CHB Ag 700 64 0 0.00 
SGB Ag 700 56 0 0.00 

Y1B Ag 700 47 0 0.00 
XCA Ag 990 17 0 0.00 
J73 Ag 1350 41 0 0.00 
TL2 Ag 3100 131 0 0.00 

MON Ag 650 86 0 0.00 
SUN Ag 750 94 0 0.00 
PEA Ag 900 51 0 0.00 
teo Ag 1625 13 0 0.00 

osg Hg 7425 5 1 20.00 
WIN Hg 7400 69 6 8.70 
WO7 Hg 1075 88 4 4.55 
111 Hg 1350 23 1 4.35 

101 Hg 1350 17 0 0.00 

APA Hg 8000 30 2 6.67 
SR Hg 9000 20 0 0.00 
LS Hg 8500 50 2 4.00 

a
See Table 6.3 

Table 6.119: Prevalence of traumas in the hands for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.85: Prevalence of traumas in the hands for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among six hunter-gatherer populations (Table 6.119), Lagoa Santa prevalence is 

in the 5
th

 position, being only above to Coastal South Carolina (101). There is a 

significant temporal trend of decreasing of traumas in the hands including (R
2
=0.176, 

p=0.04; Figure 6.86) and excluding Lagoa Santa of the sample (R
2
=0.268, p=0.01). The 

comparisons between Lagoa Santa with the two oldest populations in the database show 

no statistical difference from “osg” using Fisher Exact test (p=0.25) and from “WIN” 

using chi-square (N-1 adjusted) test (χ
2
 = 1.010, p=0.31). 
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Figure 6.86: Temporal trend of prevalence of traumas in the hands using population 

as unit. 

 

 

Males 

 

Using a test of comparison of three proportions in males, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 1.629, 0.50< 

p<0.25; Table 6.120).  
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Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 548 14 2.55 - 571 16 2.80 Hg 

Hg 90 4 4.44 - 92 8 8.70 Ag 

Lagoa Santa 16 1 6.25 - 9 1 11.11 - 

 

Table 6.120: Prevalence of traumas in the hands by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=5.000, p=0.01). Lagoa Santa prevalence is 6.25% 

for males. This value is between 75
th

 and 90
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is above 90
th

 of 

farming populations, and the same value of the median of foragers (Table 6.121, Table 

6.122 and Figure 6.87). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Hands  
(Males) 

 

Total 21 0.00 0.00 0.00 0.00 3.64 9.74 11.06 

Ag 18 0.00 0.00 0.00 0.00 1.83 6.07 . 

Hg 3 2.22 2.22 2.22 6.25 . . . 

Hands  
(Females) 

Total 21 0.00 0.00 0.00 0.00 6.41 7.77 14.63 

Ag 17 0.00 0.00 0.00 0.00 5.71 7.17 . 

Hg 4 0.00 0.00 0.00 3.95 13.51 . . 

 

Table 6.121: Percentile of the prevalence of traumas in the hands by sex using 

individual as unit. 
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Sitea Subsistence Years BP 
Males Females 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 66 7 10.61 65 4 6.15 
KIT Ag 2564 18 1 5.56 15 1 6.67 
ESB Ag 700 86 4 4.65 62 2 3.23 
CO1 Ag 790 38 1 2.63 55 4 7.27 
201 Ag 600 64 1 1.56 83 1 1.20 
teo Ag 1625 9 0 0.00 . . . 
cop Ag 1125 13 0 0.00 14 1 7.14 
CUI Ag 1850 26 0 0.00 19 1 5.26 
co9 Ag 1125 40 0 0.00 56 1 1.79 
CHB Ag 700 13 0 0.00 19 0 0.00 

SGB Ag 700 16 0 0.00 19 0 0.00 
Y1B Ag 700 17 0 0.00 14 0 0.00 
XCA Ag 990 10 0 0.00 5 0 0.00 
J73 Ag 1350 11 0 0.00 15 0 0.00 
TL2 Ag 3100 46 0 0.00 59 0 0.00 

MON Ag 650 27 0 0.00 28 0 0.00 
SUN Ag 750 29 0 0.00 23 0 0.00 
PEA Ag 900 13 0 0.00 13 0 0.00 

111 Hg 1350 9 1 11.11 13 0 0.00 
WIN Hg 7400 32 2 6.25 26 4 15.38 
WO7 Hg 1075 45 1 2.22 38 3 7.89 
101 Hg 1350 . . . 13 0 0.00 

APA Hg 8000 13 1 7.69 5 1 20.00 
SR Hg 9000 3 0 0.00 4 0 0.00 
LS Hg 8500 16 1 6.25 9 1 11.11 

a
See Table 6.3 

Table 6.122: Prevalence of traumas in the hands by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.87: Prevalence of traumas in the hands for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 

 

 

Among four hunter-gatherer populations (Table 6.122), Lagoa Santa prevalence is 

in the 2
nd

 position, tied with Windover, Florida (WIN). The comparison between Lagoa 

Santa with the oldest populations in the database (WIN) shows no statistical difference 

using chi-square (N-1 adjusted) test (χ
2
 = 0.000, p=1.00). 

Females 

 

Using a test of comparison of three proportions in females, farmers, foragers and 

Lagoa Santa are significantly different using individual as unit (χ
2
 = 9.075, 
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0.025<p<0.01). Using a Tukey-type multiple comparison test, farmer and hunter-gatherer 

subsistence differ significantly (q=3.441, 0.05<p<0.025), while Lagoa Santa is 

statistically similar to farmers (q=1.920, 0.50<p<0.20) and foragers (q=0.711, p>0.50; 

Table 6.120).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=25.000, p=0.38). Lagoa Santa prevalence is 

11.11% for females. This value is between 90
th

 and 95
th

 of the total comparative sample. 

If the data are divided into subsistence strategies, the Lagoa Santa prevalence is above 

90
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.121, Table 

6.122 and Figure 6.88). 
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Figure 6.88: Prevalence of traumas in the hands for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 

 

 

Among five hunter-gatherer populations (Table 6.122), Lagoa Santa prevalence is 

in the 2
nd

 position, being only below to Windover, Florida (WIN). The comparison 

between Lagoa Santa with the oldest populations in the database (WIN) shows no 

statistical difference using chi-square (N-1 adjusted) test (χ
2
 = 0.097, p=0.76). 

Males versus females 

 

The comparison between males and females of Lagoa Santa does not show 

statistical difference using Fisher Exact test (p=1.00). 
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Subadults 

 

Farmers, foragers and Lagoa Santa subadults show no trauma in the hands (no 

statistical test; Table 6.123). Mann-Whitney test shows that hunter-gatherers and farmers 

are statistically identical using population as unit (Mw=7.500, p=1.00). Lagoa Santa 

prevalence is 0.00% for subadults. This value is identical to all populations from the 

database (Table 6.124, Table 6.125 and Error! Reference source not found.). Among 

two hunter-gatherer populations (Table 6.125), Lagoa Santa prevalence shows similar 

value to Coastal Southern California (WO7). 

 

 

Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 527 0 0.00 - 1106 31 2.80 - 

Hg 13 0 0.00 - 117 6 5.13 - 

Lagoa Santa 20 0 0.00 - 30 2 6.67 - 

  

Table 6.123: Prevalence of traumas in the hands by age group using individual as 

unit. 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Hands  
(Subadults) 

 

Total 16 . . . . . . . 

Ag 15 . . . . . . . 

Hg 1 . . . . . . . 

Hands  
(Adults) 

Total 22 0.00 0.00 0.00 0.56 5.05 7.86 25.55 

Ag 19 0.00 0.00 0.00 0.00 3.70 8.46 . 

Hg 3 0.00 0.00 0.00 5.06 . . . 

 

Table 6.124: Percentile of the prevalence of traumas in the hands by age group 

using individual as unit. 
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Sitea Subsistence Years BP 
Subadults Adults 

Ind. Affected % Ind. Affected % 

lib Ag 1835 . . . 7 2 28.57 
QUI Ag 1200 37 0 0.00 130 11 8.46 
KIT Ag 2564 16 0 0.00 31 2 6.45 
CO1 Ag 790 55 0 0.00 99 5 5.05 
cop Ag 1125 . . . 27 1 3.70 
ESB Ag 700 153 0 0.00 172 6 3.49 
CUI Ag 1850 6 0 0.00 41 1 2.44 
201 Ag 600 26 0 0.00 131 2 1.53 
co9 Ag 1125 8 0 0.00 90 1 1.11 
XCA Ag 990 . . . 15 0 0.00 

teo Ag 1625 . . . 12 0 0.00 
CHB Ag 700 31 0 0.00 33 0 0.00 
SGB Ag 700 22 0 0.00 34 0 0.00 
Y1B Ag 700 20 0 0.00 27 0 0.00 
J73 Ag 1350 15 0 0.00 26 0 0.00 
TL2 Ag 3100 29 0 0.00 101 0 0.00 

MON Ag 650 34 0 0.00 52 0 0.00 
SUN Ag 750 44 0 0.00 50 0 0.00 
PEA Ag 900 26 0 0.00 25 0 0.00 

111 Hg 1350 . . . 19 1 5.26 
WO7 Hg 1075 8 0 0.00 79 4 5.06 
101 Hg 1350 . . . 16 0 0.00 

APA Hg 8000 11 0 0.00 19 2 10.53 
SR Hg 9000 9 0 0.00 11 0 0.00 
LS Hg 8500 20 0 0.00 30 2 6.67 

a
See Table 6.3 

Table 6.125: Prevalence of traumas in the hands by age group for Lagoa Santa and 

the populations of the comparative sample. 
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Figure 6.89: Prevalence of traumas in the hands for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in subadults. 

 

 

Adults 

 

Using a test of comparison of three proportions in adults, farmers, foragers and 

Lagoa Santa are not significantly different (χ
2
 = 3.185, 0.25<p<0.10; Table 6.123).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=20.000, p=0.39). Lagoa Santa prevalence is 

6.67% for adults. This value is between 75
th

 and 90
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

75
th

 and 90
th

 of farming populations, and above 50
th

 of foragers (Table 6.124, Table 6.125 
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and Figure 6.90). Among four hunter-gatherer populations (Table 6.125), Lagoa Santa 

shows the highest prevalence. 

 

 

 

Figure 6.90: Prevalence of traumas in the hands for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in adults. 

 

 

Isolated long bones  
 

Using Fisher Exact test, prevalence of long bone fractures in males and females 

are statistically similar for all bone types analyzed. Only a single case of trauma is 
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reported in the ulna of a male (Table 6.126). The ulna is the most affected bone by 

traumas followed by fibula and radius (Table 6.127). 

 

 

Bones 
Males Females 

Sig 
Bones Affected % Bones Affected % 

Humerus 25 0 0.00 17 0 0.00 - 
Radius 19 0 0.00 8 0 0.00 - 
Ulna 18 1 5.56 9 0 0.00 1.00 

Femur 23 0 0.00 12 0 0.00 - 
Tibia 15 0 0.00 14 0 0.00 - 

Fibula 10 0 0.00 9 0 0.00 - 

Total 110 1 0.91 69 0 0.00 1.00 

 

Table 6.126: Prevalence of traumas by bone type and sex using bone as unit. 

 

 

Bones 
Total 

Bones Affected % 

Humerus 88 0 0.00 
Radius 77 1 1.30 
Ulna 75 2 2.67 

Femur 85 0 0.00 
Tibia 81 0 0.00 

Fibula 50 1 2.00 

Total 456 4 0.88 

 

Table 6.127: Prevalence of traumas by bone type using bone as unit. 
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Summary 
 

Comparative sample 

Two patterns are observed here. In the arms and hands, hunter-gatherers show 

significantly more traumas than agriculturalists using individual and population as unit. 

In the legs, however, agriculturalists show more traumas than hunter-gatherers using 

individual as unit, although the difference is not statistically significant. Males and adults, 

on the other hand, reached statistical difference using individual as unit only.   

Arm 

Lagoa Santa prevalence (3.33%) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa prevalence (10.00%) is statistically similar to foragers, being above 

their 50
th

 percentile.  

Females: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, although 

below their 25
th

 percentile. 

Males and females are statistically similar using individual and bone as unit. 

Subadults: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, who do not 

show any subadult fracture. 

Adults: Lagoa Santa prevalence (6.67%) is statistically similar to foragers, being above 

their 50
th

 percentile. 

Leg 
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Lagoa Santa prevalence (0.00%) is statistically similar to foragers, being below 50
th

 

percentile.  

Males: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, being below 

their 75
th

 percentile.  

Females: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, being below 

their 75
th

 percentile. 

Males and females show identical prevalence. 

Subadults: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, who do not 

show any subadult fracture. 

Adults: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, being below 

their 50
th

 percentile. 

Hands 

Lagoa Santa prevalence is (4.00%) statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa prevalence (6.25%) is statistically similar to foragers, being on their 

median value.  

Females: Lagoa Santa prevalence (11.11%) is statistically different from foragers, being 

above their 50
th

 percentile. 

Males and females are statistically similar using individual as unit. 

Subadults: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, who do not 

show any subadult fracture. 
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Adults: Lagoa Santa prevalence (6.67%) is statistically similar to foragers, being above 

their 50
th

 percentile. 
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Infectious disease 
 

Tibia 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 47.448, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=6.452, p<0.01), while Lagoa Santa is significantly different from farmers (Q=3.103, 

p>0.01), but it is similar to foragers (Q=1.260, p>0.50; Table 6.128). 

 

 

Population Ind (N) Severity Std Dev. Significant 

Ag 2553 1.47 0.75 Hg, LS 
Hg 757 1.30 0.64 Ag 

Lagoa Santa 47 1.19 0.58 Ag 

 

Table 6.128: Severity of infections in the tibia using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=80.500, p=0.18). Lagoa Santa severity value is 

1.19. This value is between 25
th

 and 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 10
th

 and 25
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.129, Table 6.130 and 

Figure 6.91). 
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  Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Tibia 
infection 

Total 33 1.051 1.076 1.160 1.350 1.610 1.908 2.044 

Ag 23 1.060 1.084 1.220 1.410 1.680 1.908 2.004 

Hg 10 1.030 1.037 1.115 1.265 1.463 2.040 . 

 

Table 6.129: Percentile of severity of infections in the tibia using individual as unit. 

 

 

Sitea Subsistence Years BP Ind (N) Severity Std Dev. 

CO1 Ag 790 195 2.02 0.61 
cop Ag 1125 34 1.94 0.78 
XCA Ag 990 22 1.86 0.71 
CUI Ag 1850 100 1.82 0.86 
TL2 Ag 3100 267 1.78 0.68 
co9 Ag 1125 159 1.68 0.81 
J73 Ag 1350 79 1.63 0.72 
ESB Ag 700 160 1.59 0.86 
teo Ag 1625 46 1.59 0.88 
lat Ag 2050 23 1.57 0.95 

SGB Ag 700 42 1.43 0.77 
CHB Ag 700 80 1.41 0.81 

201 Ag 600 331 1.35 0.79 
QUI Ag 1200 206 1.33 0.76 
Y1B Ag 700 51 1.31 0.79 
dol Ag 1050 36 1.31 0.75 

SUN Ag 750 132 1.26 0.72 
cot Ag 2278 81 1.22 0.71 

lib Ag 1835 73 1.16 0.58 
PEA Ag 900 86 1.16 0.37 

MON Ag 650 117 1.12 0.33 
AZ1 Ag 1175 108 1.06 0.37 
KIT Ag 2564 125 1.06 0.23 

a
See Table 6.3          Continued

  

Table 6.130: Severity of infections in the tibia for Lagoa Santa and the populations 

of the comparative sample. 
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Table 6.130 continued 

Sitea Subsistence Years BP Ind (N) Severity Std Dev. 

W43 Hg 1359 10 2.10 0.32 
MR1 Hg 6015 50 1.50 0.95 
W42 Hg 5250 84 1.45 0.78 
WO7 Hg 1075 193 1.37 0.60 
WIN Hg 7400 109 1.28 0.82 
W13 Hg 1625 122 1.25 0.49 
101 Hg 1350 48 1.15 0.46 
rea Hg 4663 34 1.12 0.48 

111 Hg 1350 78 1.10 0.35 

osg Hg 7425 29 1.03 0.19 

APA Hg 8000 37 1.08 0.28 
SR Hg 9000 10 1.60 1.07 
LS Hg 8500 47 1.19 0.58 
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Figure 6.91: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity. 

 

 

Among 11 hunter-gatherer populations (Table 6.130), Lagoa Santa value is in the 

7
th

 position. Although there is a non-significant trend of increasing tibia infections over 

time, this trend is not statistically significant including (R
2
=0.06, p=0.16; Figure 6.92) 

and excluding Lagoa Santa of the sample (R
2
=0.04, p=0.25). The comparisons between 

Lagoa Santa with the two oldest populations in the database show significant difference 

from “WIN” (p<0.01) and statistically similar to “osg” (p=0.17) using the Mann-Whitney 

test. 

 



 

422 

 

 

Figure 6.92: Temporal trend of severity of infections in the tibia using population as 

unit. 

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 9.098, p=0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence do not differ significantly 

(Q=1.917, 0.20<p<0.10), while Lagoa Santa is significantly different from farmers 

(Q=2.432, 0.05<p<0.02), but it is similar to foragers (Q=1.915, 0.20<p<0.10; Table 

6.131). 
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Population 

Male Female 

Ind  Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 770 1.49 0.78 LS 884 1.53 0.79 Hg 

Hg 220 1.37 0.65 - 237 1.30 0.60 Ag 

Lagoa Santa 11 1.00 0.00 Ag 10 1.50 1.08 - 

 

Table 6.131: Severity of infections in the tibia by sex using individual as unit. 

 

 

Mann-Whitney test show that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=79.500, p=0.31). Lagoa Santa severity value is 

1.00 for males. This value is the same of the 5
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa value is below 5
th

 of farming 

populations, and the same of 5
th

 and 10
th

 of foragers (Table 6.132, Table 6.133 and Figure 

6.93). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Tibia infection 
(Males) 

Total 32 1.000 1.039 1.213 1.385 1.753 1.899 2.144 

Ag 23 1.036 1.060 1.250 1.470 1.790 1.892 2.088 

Hg 9 1.000 1.000 1.085 1.280 1.575 . . 

Tibia infection 
(Females) 

Total 31 1.000 1.042 1.220 1.400 1.650 2.000 2.052 

Ag 23 1.076 1.112 1.240 1.430 1.740 2.012 2.084 

Hg 8 1.000 1.000 1.010 1.140 1.443 . . 

 

Table 6.132: Percentile of severity of infections in the tibia by sex using individual as 

unit. 
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Sitea Subsistence Years BP 

Males Females 

Ind. Severity 
Std 

Dev. 
Ind.  Severity 

Std 
Dev. 

CO1 Ag 790 48 2.13 0.67 63 2.10 0.61 
cop Ag 1125 12 1.92 0.79 15 2.00 0.76 
XCA Ag 990 13 1.85 0.80 6 2.00 0.63 
TL2 Ag 3100 93 1.81 0.68 129 1.74 0.65 
Y1B Ag 700 15 1.80 1.08 13 1.23 0.83 
CUI Ag 1850 42 1.79 0.92 44 2.02 0.79 
teo Ag 1625 17 1.76 1.03 10 1.60 0.97 
co9 Ag 1125 48 1.73 0.84 57 1.65 0.79 
J73 Ag 1350 13 1.62 0.65 21 1.67 0.86 

201 Ag 600 93 1.47 0.94 133 1.41 0.85 
CHB Ag 700 17 1.47 0.87 23 1.43 0.84 
SGB Ag 700 15 1.47 0.74 14 1.50 0.94 
lat Ag 2050 8 1.38 0.52 11 1.27 0.65 

QUI Ag 1200 66 1.35 0.67 78 1.46 0.89 
cot Ag 2278 25 1.28 0.79 34 1.24 0.70 
ESB Ag 700 46 1.26 0.68 32 1.22 0.42 
SUN Ag 750 31 1.26 0.68 23 1.83 1.27 
dol Ag 1050 16 1.25 0.68 18 1.33 0.84 
PEA Ag 900 23 1.22 0.42 22 1.32 0.48 
KIT Ag 2564 29 1.10 0.31 42 1.07 0.26 
lib Ag 1835 32 1.06 0.35 20 1.40 0.88 

MON Ag 650 33 1.06 0.24 30 1.10 0.31 
AZ1 Ag 1175 35 1.03 0.17 46 1.13 0.54 

a
See Table 6.3        

      Continued 

Table 6.133: Severity of infections in the tibia by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.133 continued 

Sitea Subsistence Years BP 

Males Females 

Ind. Severity 
Std 

Dev. 
Ind. Severity 

Std 
Dev. 

W43 Hg 1359 6 2.17 0.41 . . . 
W42 Hg 5250 31 1.65 0.80 30 1.23 0.63 
MR1 Hg 6015 20 1.50 1.05 20 1.65 1.04 
WO7 Hg 1075 64 1.39 0.52 60 1.50 0.70 
W13 Hg 1625 47 1.28 0.58 55 1.27 0.45 
111 Hg 1350 19 1.21 0.54 25 1.04 0.20 

rea Hg 4663 12 1.17 0.58 10 1.00 0.00 
osg Hg 7425 8 1.00 0.00 12 1.00 0.00 
101 Hg 1350 13 1.00 0.00 22 1.05 0.21 

APA Hg 8000 11 1.00 0.00 6 1.00 0.00 
SR Hg 9000 0 . . 4 2.25 1.50 
LS Hg 8500 11 1.00 0.00 10 1.50 1.08 
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Figure 6.93: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in males. 

 

 

Among nine hunter-gatherer populations (Table 6.133), Lagoa Santa value is in 

the last position, tied with Santa Elena, Ecuador (osg) and Coastal South Carolina (101). 

The comparison between Lagoa Santa and the oldest population in the database (osg) 

does not show statistical difference using the Mann-Whitney test (p=1.00). 

Females 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 19.246, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 
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(Q=4.342, p<0.01), while Lagoa Santa is similar to farmers (Q=0.839, p>0.50) and 

foragers (Q=1.578, 0.50<p<0.20; Table 6.131).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=40.000, p=0.02). Lagoa Santa severity value is 

1.50 for females. This value is between 50
th

 and 75
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 

75
th

 of farming populations, and above 75
th

 of foraging (Table 6.132, Table 6.133 and 

Figure 6.94). 
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Figure 6.94: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in females. 

 

 

Among nine hunter-gatherer populations (Table 6.133), Lagoa Santa value is in 

the 2
nd

 position, being below Coastal Chile (MR1) and tied with Coastal Southern 

California (W42). The comparison between Lagoa Santa and the oldest population in the 

sample (osg) does not show statistical difference using the Mann-Whitney test (p=0.11). 

Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using Mann-Whitney test (p=0.13). 
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Under 20 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 8.912, p=0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence do not differ significantly 

(Q=2.321, 0.10<p<0.05), while Lagoa Santa is statistically similar to farmers (Q=1.985, 

0.20<p<0.10) and foragers (Q=1.051, p>0.50; Table 6.134). 

 

 

Population 
Under 20 

Ind (N) Severity Std Dev. Significant 

Ag 942 1.36 0.68 - 
Hg 133 1.23 0.56 - 

Lagoa Santa 17 1.06 0.24 - 

 

Table 6.134: Severity of infections in the tibia in individuals under 20 years old 

using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=61.500, p=0.27). Lagoa Santa severity value is 

1.06 for individuals under 20 years old. This value is between 10
th

 and 25
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is between 10
th

 and 25
th

 of farming populations, and between 25
th

 and 50
th

 of 

foragers (Table 6.135, Table 6.136 and Figure 6.95).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Tibia 
infection 

(Under 20) 

Total 29 1.000 1.000 1.070 1.270 1.445 1.840 1.860 

Ag 21 1.000 1.000 1.070 1.270 1.635 1.856 1.860 

Hg 8 1.000 1.000 1.023 1.210 1.330 . . 

Tibia 
infection 
(20.00-
34.99) 

Total 27 1.032 1.096 1.140 1.270 1.530 1.912 2.144 

Ag 20 1.081 1.101 1.135 1.265 1.530 1.865 2.223 

Hg 7 1.000 1.000 1.140 1.360 1.810 . . 

Tibia 
infection 
(35.00-
49.99) 

Total 31 1.000 1.008 1.140 1.420 1.700 1.866 1.942 

Ag 23 1.008 1.052 1.250 1.520 1.740 1.882 1.994 

Hg 8 1.000 1.000 1.028 1.235 1.340 . . 

 

Table 6.135: Percentile of severity of infections in the tibia by age group using 

individual as unit. 
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Sitea Subsistence Years BP Ind (N) Severity Std Dev. 

CO1 Ag 790 66 1.86 0.49 
cop Ag 1125 7 1.86 0.90 
ESB Ag 700 93 1.84 0.92 
co9 Ag 1125 61 1.67 0.83 
J73 Ag 1350 47 1.64 0.70 
TL2 Ag 3100 48 1.63 0.67 
CUI Ag 1850 15 1.47 0.74 
teo Ag 1625 19 1.42 0.69 
CHB Ag 700 41 1.37 0.77 
dol Ag 1050 6 1.33 0.52 
SGB Ag 700 15 1.27 0.59 

201 Ag 600 100 1.20 0.64 
QUI Ag 1200 63 1.17 0.66 

MON Ag 650 58 1.16 0.37 
Y1B Ag 700 27 1.15 0.60 
SUN Ag 750 80 1.09 0.33 
PEA Ag 900 43 1.05 0.21 
KIT Ag 2564 57 1.04 0.19 
AZ1 Ag 1175 50 1.00 0.00 
cot Ag 2278 20 1.00 0.00 
lib Ag 1835 19 1.00 0.00 

W42 Hg 5250 5 1.40 0.55 
101 Hg 1350 6 1.33 0.82 

WO7 Hg 1075 45 1.33 0.67 
MR1 Hg 6015 17 1.29 0.77 
W13 Hg 1625 16 1.13 0.34 
111 Hg 1350 22 1.09 0.29 
rea Hg 4663 10 1.00 0.00 
osg Hg 7425 9 1.00 0.00 

APA Hg 8000 12 1.00 0.00 
SR Hg 9000 5 1.20 0.45 
LS Hg 8500 17 1.06 0.24 

a
See Table 6.3 

Table 6.136: Severity of infections in the tibia in individuals under 20 years old for 

Lagoa Santa and the populations of the comparative sample. 
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Figure 6.95: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in individuals under 20 years old. 

 

 

Among nine hunter-gatherer populations (Table 6.136), Lagoa Santa is in the 7
th

 

position, being above Santa Elena (osg) and Real Alto (osg) from Ecuador. The 

comparison between Lagoa Santa and the oldest population in the database (osg) does not 

show statistical difference using the Mann-Whitney test (p=0.47). 

20.00-34.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 6.055, p=0.048). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence do not differ significantly 
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(Q=1.564, 0.50<p<0.20), while Lagoa Santa is statistically similar to farmers (Q=1.969, 

0.20<p<0.10) and foragers (Q=1.508, 0.50<p<0.20; Table 6.137).  

 

 

Population 

20.00-34.99 35.00-49.99 

Ind  Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 638 1.44 0.73 - 664 1.57 0.81 Hg 

Hg 129 1.33 0.63 - 295 1.33 0.62 Ag 

Lagoa Santa 8 1.00 0.00 - 5 2.00 1.41 - 

 

Table 6.137: Severity of infections in the tibia by age group using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=69.500, p=0.98). Lagoa Santa severity value is 

1.00 for individuals between 20.00 and 34.99 years old. This value is below 5
th

 of the 

total comparative sample. If the data are divided into subsistence strategies, the Lagoa 

Santa value is below 5
th

 of farming populations, and the same of 5
th

 and 10
th

 of foragers 

(Table 6.135, Table 6.138 and Figure 6.96).  
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Ind Severity 

Std 
Dev. 

CO1 Ag 790 63 2.24 0.67 47 2.02 0.64 

CUI Ag 1850 27 1.89 0.80 46 1.85 0.82 

TL2 Ag 3100 75 1.64 0.58 108 1.87 0.72 

J73 Ag 1350 9 1.56 0.73 17 1.65 0.86 

201 Ag 600 74 1.53 0.92 49 1.27 0.60 

co9 Ag 1125 19 1.53 0.84 44 1.68 0.83 

SGB Ag 700 13 1.46 0.97 10 1.70 0.82 

CHB Ag 700 20 1.45 0.83 13 1.46 0.78 

dol Ag 1050 19 1.37 0.90 7 1.00 0.00 

cot Ag 2278 37 1.27 0.73 19 1.42 1.02 

SUN Ag 750 19 1.26 0.73 31 1.52 1.00 

QUI Ag 1200 71 1.20 0.40 67 1.58 1.00 

lat Ag 2050 11 1.18 0.40 8 1.50 0.76 

PEA Ag 900 22 1.18 0.39 18 1.39 0.50 

AZ1 Ag 1175 20 1.15 0.67 29 1.14 0.44 

Y1B Ag 700 8 1.13 0.35 11 1.73 1.19 

lib Ag 1835 26 1.12 0.43 22 1.09 0.43 

ESB Ag 700 28 1.11 0.31 24 1.25 0.68 

MON Ag 650 30 1.10 0.31 24 1.04 0.20 

KIT Ag 2564 39 1.08 0.27 29 1.07 0.26 

cop Ag 1125 . . . 9 1.89 0.93 

XCA Ag 990 . . . 13 1.77 0.60 

teo Ag 1625 . . . 19 1.74 1.10 
a
See Table 6.3       

         Continued 

Table 6.138: Severity of infections in the tibia by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.138 continued 

Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind Severity 
Std 

Dev. 
Ind Severity 

Std 
Dev. 

W43 Hg 1359 5 2.00 0.00 . . . 

MR1 Hg 6015 16 1.81 1.17 12 1.25 0.62 

WO7 Hg 1075 33 1.42 0.61 99 1.35 0.52 

W42 Hg 5250 14 1.36 0.50 62 1.50 0.86 

111 Hg 1350 13 1.15 0.38 13 1.00 0.00 

W13 Hg 1625 28 1.14 0.36 75 1.31 0.54 

101 Hg 1350 12 1.00 0.00 7 1.00 0.00 

rea Hg 4663 . . . 18 1.22 0.65 

osg Hg 7425 . . . 9 1.11 0.33 

APA Hg 8000 6 1.00 0.00 3 1.00 0.00 

SR Hg 9000 2 1.00 0.00 2 3.50 0.71 

LS Hg 8500 8 1.00 0.00 5 2.00 1.50 

 

 

 

Figure 6.96: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in individuals between 20.00 and 34.99 years old. 
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Among eight hunter-gatherer populations (Table 6.138), Lagoa Santa is in the last 

position, tied with Coastal South Carolina (101).  

35.00-49.99 years old age group 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 20.002, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=4.420, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=0.466, 

p<0.50) and foragers (Q=1.150, p>0.50; Table 6.137). 

Mann-Whitney test shows that hunter-gatherers and farmers means are 

significantly different using population as unit (Mw=61.500, p=0.02). Lagoa Santa 

severity value is 2.00 for individuals between 35.00 and 49.99 years old. This value is 

above 95
th

 of the total comparative sample. If the data are divided into subsistence 

strategies, the Lagoa Santa value is slightly above 95
th

 of farming populations, and above 

75
th

 of foragers (Table 6.135, Table 6.138 and Figure 6.97). 
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Figure 6.97: Severity of infections in the tibia for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in individuals between 35.00 and 49.99 years old. 

 

 

Among nine hunter-gatherer populations (Table 6.138), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

database (osg) does not show statistical difference using the Mann-Whitney test (p=0.16). 

 

Remaining skeleton – localized infection 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 582.304, p<0.01). Using a 
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Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=40.248, p<0.01), while Lagoa Santa is significantly different from 

farmers (q=4.194, p<0.01) but similar to foragers (q=2.541, 0.20<p<0.10; Table 6.139). 

 

 

Population Ind (N) Affected % Significant 

Ag 3557 870 24.46 Hg, LS 
Hg 2585 57 2.21 Ag 

Lagoa Santa 42 3 7.14 Ag 

 

Table 6.139: Prevalence of localized infections using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=13.500, p<0.01). Lagoa Santa prevalence is 

7.14%. This value is between 25
th

 and 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is between 10
th

 and 25
th

 of 

farmer populations, and between 75
th

 and 90
th

 of foragers (Table 6.140, Table 6.141 and 

Figure 6.98).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Localized 
infection 

Total 34 0.000 0.000 2.740 11.610 25.563 42.850 48.413 

Ag 23 0.610 4.154 10.920 21.740 35.560 44.412 55.788 

Hg 11 0.000 0.000 0.000 1.620 2.980 8.276 . 

 

Table 6.140: Percentile of prevalence of localized infections using individual as unit. 

 

 

Sitea Subsistence Years BP Ind (N) Affected % 

CO1 Ag 790 236 138 58.47 
QUI Ag 1200 253 114 45.06 
TL2 Ag 3100 343 149 43.44 
co9 Ag 1125 239 101 42.26 
teo Ag 1625 50 18 36.00 
cop Ag 1125 45 16 35.56 
XCA Ag 990 35 10 28.57 
SGB Ag 700 89 23 25.84 

J73 Ag 1350 106 27 25.47 
PEA Ag 900 96 22 22.92 
Y1B Ag 700 59 13 22.03 
SUN Ag 750 138 30 21.74 
CHB Ag 700 119 24 20.17 

KIT Ag 2564 134 26 19.40 
ESB Ag 700 426 75 17.61 
dol Ag 1050 43 7 16.28 

MON Ag 650 122 15 12.30 
CUI Ag 1850 119 13 10.92 

a
See Table 6.3                    Continued 

Table 6.141: Prevalence of localized infections for Lagoa Santa and the populations 

of the comparative sample. 
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Table 6.141 continued 

Sitea Subsistence Years BP Ind (N) Affected % 

lat Ag 2050 47 4 8.51 
201 Ag 600 517 31 6.00 
lib Ag 1835 155 9 5.81 
cot Ag 2278 164 5 3.05 
LNC Ag 1200 22 0 0.00 

WIN Hg 7400 133 12 9.02 
101 Hg 1350 151 8 5.30 
W13 Hg 1625 436 13 2.98 
111 Hg 1350 179 5 2.79 

WO7 Hg 1075 540 14 2.59 
W42 Hg 5250 309 5 1.62 
LNP Hg 3000 126 0 0.00 
rea Hg 4663 51 0 0.00 
osg Hg 7425 75 0 0.00 

W43 Hg 1359 293 0 0.00 
W38 Hg 3852 292 0 0.00 

APA Hg 8000 26 2 7.69 
SR Hg 9000 16 1 6.25 
LS Hg 8500 42 3 7.14 
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Figure 6.98: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among 12 hunter-gatherer populations (Table 6.141), Lagoa Santa prevalence is 

in the 2
nd

 position, being only below to Windover, Florida (WIN). There is a significant 

trend of increasing of localized infections over time including (R
2
=0.132, p=0.03; Figure 

6.99) and excluding Lagoa Santa from the sample (R
2
=0.129, p=0.03). The comparisons 

between Lagoa Santa with the two oldest populations in the database show significant 

difference from “osg” (χ
2
 = 5451, p=0.02) and statistically similarity from “WIN” (χ

2
 = 

0.143, p=0.71) using chi-square (N-1 adjusted) test. 
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Figure 6.99: Temporal trend of localized infections using population as unit. 

 

 

Males 

 

Using a test of comparison of three proportions in males, farmers, foragers and 

Lagoa Santa are significantly different using individual as unit (χ
2
 = 138.974, p<0.01). 

Using a Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence 

differ significantly (q=20.145, p<0.01), while Lagoa Santa is statistically similar to 

farmers (q=0.920, p>0.50) and foragers (q=2.855, 0.20<p<0.10; Table 6.142). 
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 Population 
Male Female 

Ind Affected % Sig Ind Affected % Sig 

Ag 962 258 26.82 Hg 1111 300 27.00 Hg 

Hg 547 14 2.56 Ag 610 13 2.13 Ag 

Lagoa Santa 12 2 16.67 - 10 1 10.00 - 

 

Table 6.142: Prevalence of localized infections by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=22.000, p<0.01). Lagoa Santa prevalence is 

16.67% for males. This value is between 50
th

 and 75
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

25
th

 and 50
th

 of farming populations, and above 90
th

 of foragers (Table 6.143, Table 6.144 

and Figure 6.100).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Localized 
infection 
(Males) 

Total 33 0.000 0.000 2.130 12.240 33.775 46.856 62.591 

Ag 23 0.000 0.816 8.820 22.220 38.710 55.808 64.176 

Hg 10 0.000 0.000 0.000 1.110 3.265 4.768 . 

Localized 
infection 
(Females) 

Total 33 0.000 0.000 0.600 12.500 29.450 43.576 60.857 

Ag 23 1.034 6.454 12.330 20.450 41.330 53.914 61.902 

Hg 10 0.000 0.000 0.000 0.000 1.928 10.050 . 

 

Table 6.143: Percentile of prevalence of localized infections by sex using individual 

as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind  Affected % Ind Affected % 

CO1 Ag 790 54 35 64.81 69 43 62.32 

QUI Ag 1200 73 45 61.64 88 53 60.23 

Y1B Ag 700 17 8 47.06 14 2 14.29 

TL2 Ag 3100 116 54 46.55 149 63 42.28 

SGB Ag 700 21 9 42.86 33 8 24.24 

SUN Ag 750 31 12 38.71 25 4 16.00 

co9 Ag 1125 52 20 38.46 75 31 41.33 

cop Ag 1125 17 6 35.29 18 6 33.33 

KIT Ag 2564 31 10 32.26 44 9 20.45 

PEA Ag 900 23 7 30.43 23 6 26.09 

CHB Ag 700 18 5 27.78 32 9 28.13 

teo Ag 1625 18 4 22.22 12 5 41.67 

XCA Ag 990 20 4 20.00 9 4 44.44 

dol Ag 1050 16 3 18.75 20 3 15.00 

J73 Ag 1350 18 3 16.67 26 8 30.77 

ESB Ag 700 100 13 13.00 73 9 12.33 

CUI Ag 1850 49 6 12.24 52 6 11.54 

MON Ag 650 34 3 8.82 32 4 12.50 

201 Ag 600 122 8 6.56 179 15 8.38 

lib Ag 1835 57 2 3.51 47 5 10.64 

cot Ag 2278 49 1 2.04 58 3 5.17 

lat Ag 2050 14 0 0.00 23 4 17.39 

LNC Ag 1200 12 0 0.00 10 0 0.00 
a
See Table 6.3       

       Continued 

Table 6.144: Prevalence of localized infections by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.144 continued 

Site
a
 Subsistence Years BP 

Males Females 

Ind  Affected % Ind Affected % 

W13 Hg 1625 125 6 4.80 146 6 4.11 

W42 Hg 5250 67 3 4.48 83 1 1.20 

101 Hg 1350 35 1 2.86 56 6 10.71 

111 Hg 1350 40 1 2.50 41 0 0.00 

WO7 Hg 1075 135 3 2.22 134 0 0.00 

LNP Hg 3000 56 0 0.00 50 0 0.00 

rea Hg 4663 18 0 0.00 14 0 0.00 

osg Hg 7425 23 0 0.00 29 0 0.00 

W43 Hg 1359 43 0 0.00 48 0 0.00 

W38 Hg 3852 5 0 0.00 9 0 0.00 

APA Hg 8000 9 1 11.11 6 1 16.67 

SR Hg 9000 3 1 33.33 4 0 0.00 

LS Hg 8500 12 2 16.67 10 1 10.00 

 

 

 

Figure 6.100: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 
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Among 11 hunter-gatherer populations (Table 6.144), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

sample (osg) does not show statistical difference using the Fisher Exact test (p=0.11). 

Females 

 

Using a test of comparison of three proportions in females, farmers, foragers and 

Lagoa Santa are significantly different using individual as unit (χ
2
 = 164.494, p<0.01). 

Using a Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence 

differ significantly (q=22.318, p<0.01), while Lagoa Santa is statistically similar to 

farmers (q=1.581, p>0.50) and foragers (q=2.038, 0.50<p<0.20; Table 6.142).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=9.500, p<0.01). Lagoa Santa prevalence is 

10.00% for females. This value is between 25
th

 and 50
th

 of the total comparative sample. 

If the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

10
th

 and 25
th

 of farming populations, and slightly below 90
th

 of foragers (Table 6.143, 

Table 6.144 and Figure 6.101). 
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Figure 6.101: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 

 

 

Among 11 hunter-gatherer populations (Table 6.144), Lagoa Santa shows the 

second highest value, being only below to Coastal South Carolina (101). The comparison 

between Lagoa Santa and the oldest population in the database (osg) does not show 

statistical difference using the Fisher Exact test (p=0.26). 
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Males versus females 

 

The comparison between males and females of Lagoa Santa do not show 

statistical difference using chi-square (N-1 adjusted) test (χ
2
 = 0.197, p=0.66). 

Under 20 years old age group 

 

Usinga chi-square test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 74.225, p<0.01). Running a chi-square (N-1 

adjusted) test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 68.932, 

p<0.01), while Lagoa Santa is statistically different from farmers (χ
2
 = 5.805, p=0.02). 

Using a Fisher Exact test, Lagoa Santa is statistically similar to foragers (p=1.00; Table 

6.145).  

 

 

Population 
Under 20 

Ind (N) Affected % Significant 

Ag 1324 299 22.58 Hg, LS 
Hg 304 6 1.97 Ag 

Lagoa Santa 20 0 0.00 Ag 

 

Table 6.145: Prevalence of localized infections in individuals under 20 years old 

using individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=22.500, p<0.01). Lagoa Santa prevalence is 

0.00% for individuals under 20 years old. This value is below 50
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

value is below 25
th

 of farming populations, and below 75
th

 of foragers (Table 6.146, 

Table 6.147 and Figure 6.102). 

  

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Localized 
infection 

(Under 20) 

Total 32 0.000 0.000 0.000 9.690 23.558 44.036 50.049 

Ag 22 0.000 0.000 8.425 16.670 40.000 47.333 52.219 

Hg 10 0.000 0.000 0.000 0.000 2.963 4.260 . 

Localized 
infection 
 (20.00-
34.99) 

Total 31 0.000 0.000 1.690 9.090 22.730 46.612 65.612 

Ag 21 0.204 2.402 7.770 14.290 24.620 60.066 69.052 

Hg 10 0.000 0.000 0.000 0.600 3.510 5.169 . 

Localized 
infection 
 (35.00-
49.99) 

Total 33 0.000 0.000 2.045 12.960 33.330 45.046 54.219 

Ag 23 1.082 5.450 12.730 27.780 38.710 48.582 60.134 

Hg 10 0.000 0.000 0.000 0.000 2.580 4.377 . 

 

Table 6.146: Percentile of prevalence of localized infections by age group using 

individual as unit. 
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Sitea Subsistence Years BP Ind (N) Affected % 

CO1 Ag 790 87 46 52.87 
TL2 Ag 3100 68 33 48.53 
co9 Ag 1125 119 53 44.54 
teo Ag 1625 21 9 42.86 
cop Ag 1125 10 4 40.00 
XCA Ag 990 5 2 40.00 
ESB Ag 700 214 55 25.70 
J73 Ag 1350 64 16 25.00 
PEA Ag 900 52 10 19.23 
QUI Ag 1200 89 17 19.10 
SUN Ag 750 84 14 16.67 

SGB Ag 700 36 6 16.67 
CHB Ag 700 62 10 16.13 

MON Ag 650 60 8 13.33 
KIT Ag 2564 62 8 12.90 
dol Ag 1050 10 1 10.00 
Y1B Ag 700 32 3 9.38 
CUI Ag 1850 18 1 5.56 
201 Ag 600 145 3 2.07 
lat Ag 2050 5 0 0.00 
cot Ag 2278 40 0 0.00 
lib Ag 1835 41 0 0.00 

111 Hg 1350 47 2 4.26 

W13 Hg 1625 47 2 4.26 
WO7 Hg 1075 79 2 2.53 
101 Hg 1350 22 0 0.00 
LNP Hg 3000 8 0 0.00 
rea Hg 4663 17 0 0.00 
osg Hg 7425 21 0 0.00 

W43 Hg 1359 33 0 0.00 
W38 Hg 3852 11 0 0.00 
W42 Hg 5250 19 0 0.00 

APA Hg 8000 11 0 0.00 
SR Hg 9000 9 0 0.00 

LS Hg 8500 20 0 0.00 
a
See Table 6.3 

Table 6.147: Prevalence of localized infections in individuals under 20 years old for 

Lagoa Santa and the populations of the comparative sample. 
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Figure 6.102: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals under 20 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.147), Lagoa Santa shows the 

lowest value, tied with seven other populations. Lagoa Santa and the oldest population in 

the database (osg) show identical prevalence (no statistical test). 
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20.00-34.99 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 114.778, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=19.379, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.029, p>0.50) and foragers (q=2.358, 0.50<p<0.20; Table 6.148).  

 

 

Population 
20.00-34.99 35.00-49.99 

Ind  Affected % Sig Ind Affected % Sig 

Ag 831 220 26.47 Hg 937 249 26.57 Hg 

Hg 407 6 1.47 Ag 1470 23 1.56 Ag 

Lagoa Santa 8 1 12.50 - 10 1 10.00 - 

 

Table 6.148: Prevalence of localized infections by age group using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=12.500, p<0.01). Lagoa Santa prevalence is 

12.50% for individuals between 20.00 and 34.99 years old. This value is between 50
th

 

and 75
th

 of the total comparative sample. If the data are divided into subsistence 

strategies, the Lagoa Santa prevalence is between 25
th

 and 50
th

 of farming populations, 

and above 90
th

 of foragers (Table 6.146, Table 6.149 and Figure 6.103). 
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind Affected % Ind Affected % 

QUI Ag 1200 76 53 69.74 75 38 50.67 

CO1 Ag 790 70 44 62.86 56 35 62.50 

TL2 Ag 3100 90 44 48.89 135 52 38.52 

co9 Ag 1125 24 9 37.50 54 18 33.33 

XCA Ag 990 8 2 25.00 17 4 23.53 

CHB Ag 700 33 8 24.24 18 5 27.78 

dol Ag 1050 21 5 23.81 7 1 14.29 

SGB Ag 700 22 5 22.73 23 9 39.13 

KIT Ag 2564 42 9 21.43 30 9 30.00 

Y1B Ag 700 11 2 18.18 11 5 45.45 

SUN Ag 750 21 3 14.29 31 12 38.71 

PEA Ag 900 23 3 13.04 18 8 44.44 

CUI Ag 1850 31 4 12.90 55 7 12.73 

201 Ag 600 100 12 12.00 68 7 10.29 

ESB Ag 700 62 7 11.29 127 7 5.51 

J73 Ag 1350 11 1 9.09 22 7 31.82 

MON Ag 650 31 2 6.45 26 4 15.38 

lat Ag 2050 18 1 5.56 24 3 12.50 

cot Ag 2278 78 3 3.85 37 2 5.41 

lib Ag 1835 49 1 2.04 54 7 12.96 

LNC Ag 1200 5 0 0.00 16 0 0.00 

teo Ag 1625 . . . 21 5 23.81 

cop Ag 1125 . . . 12 4 33.33 
a
See Table 6.3       

       Continued 

Table 6.149: Prevalence of localized infections by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.149 continued 

Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind Affected % Ind Affected % 

101 Hg 1350 38 2 5.26 22 1 4.55 

111 Hg 1350 23 1 4.35 22 0 0.00 

W42 Hg 5250 31 1 3.23 252 4 1.59 

W13 Hg 1625 59 1 1.69 320 8 2.50 

WO7 Hg 1075 83 1 1.20 355 10 2.82 

LNP Hg 3000 48 0 0.00 69 0 0.00 

rea Hg 4663 6 0 0.00 24 0 0.00 

osg Hg 7425 20 0 0.00 23 0 0.00 

W43 Hg 1359 44 0 0.00 190 0 0.00 

W38 Hg 3852 55 0 0.00 193 0 0.00 

APA Hg 8000 6 1 16.67 7 0 0.00 

SR Hg 9000 2 0 0.00 3 1 33.33 

LS Hg 8500 8 1 12.50 10 1 10.00 
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Figure 6.103: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals between 20.00 and 34.99 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.149), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

database (osg) does not show statistical difference using Fisher Exact test (p=0.29). 

35.00-49.99 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 357.255, p<0.01). Using a 
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Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=28.096, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.536, p>0.50) and foragers (q=2.253, 0.50<p<0.20; Table 6.148).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=7.000, p<0.01). Lagoa Santa prevalence is 

10.00% for individuals between 35.00 and 49.99 years old. This value is between 25
th

 

and 50
th

 of the total comparative sample. If the data are divided into subsistence 

strategies, the Lagoa Santa prevalence is between 10
th

 and 25
th

 of farming populations, 

and above 90
th

 of foragers (Table 6.146, Table 6.149 and Figure 6.104). 
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Figure 6.104: Prevalence of localized infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals between 35.00 and 49.99 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.149), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

sample (osg) does not show statistical difference using Fisher Exact test (p=0.30). 

Systemic infection 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 110.045, p<0.01). Using a 
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Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=16.754, p<0.01), while Lagoa Santa is significantly similar to farmers 

(q=0.490, p>0.50) foragers (q=3.286, 0.10<p<0.05; Table 6.150). 

 

 

Population Ind (N) Affected % Significant 

Ag 3557 238 6.69 Hg 
Hg 2585 30 1.16 Ag 

Lagoa Santa 42 3 7.14 - 

 

Table 6.150: Prevalence of systemic infections using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=41.500, p<0.01). Lagoa Santa prevalence is 

7.14%. This value is slightly below 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is between 50
th

 and 75
th

 of 

farming populations, and above 90
th

 of foragers (Table 6.151, Table 6.152 and Figure 

6.105).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Systemic 
infection 

Total 34 0.000 0.000 0.688 2.285 7.828 17.010 17.815 

Ag 23 0.000 0.000 2.130 3.990 13.810 17.552 17.892 

Hg 11 0.000 0.000 0.000 0.690 1.680 6.408 . 

 

Table 6.151: Percentile of prevalence of systemic infections using individual as unit. 

 

 

Sitea Subsistence Years BP Ind (N) Affected % 

J73 Ag 1350 106 19 17.92 
cop Ag 1125 45 8 17.78 

MON Ag 650 122 21 17.21 
CUI Ag 1850 119 20 16.81 
teo Ag 1625 50 7 14.00 
co9 Ag 1125 239 33 13.81 
SUN Ag 750 138 14 10.14 
XCA Ag 990 35 3 8.57 
TL2 Ag 3100 343 26 7.58 
201 Ag 600 517 39 7.54 
CO1 Ag 790 236 10 4.24 
ESB Ag 700 426 17 3.99 

Y1B Ag 700 59 2 3.39 
SGB Ag 700 89 3 3.37 
CHB Ag 700 119 4 3.36 
dol Ag 1050 43 1 2.33 
KIT Ag 2564 134 3 2.24 
lat Ag 2050 47 1 2.13 

lib Ag 1835 155 3 1.94 
QUI Ag 1200 253 4 1.58 
LNC Ag 1200 22 0 0.00 
PEA Ag 900 96 0 0.00 
cot Ag 2278 164 0 0.00 

a
See Table 6.3                    Continued 

Table 6.152: Prevalence of systemic infections for Lagoa Santa and the populations 

of the comparative sample. 
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Table 6.152 continued 

Sitea Subsistence Years BP Ind (N) Affected % 

WIN Hg 7400 133 10 7.52 
rea Hg 4663 51 1 1.96 
111 Hg 1350 179 3 1.68 

WO7 Hg 1075 540 8 1.48 
101 Hg 1350 151 2 1.32 
W13 Hg 1625 436 3 0.69 
W43 Hg 1359 293 2 0.68 
W42 Hg 5250 309 1 0.32 
LNP Hg 3000 126 0 0.00 

osg Hg 7425 75 0 0.00 
W38 Hg 3852 292 0 0.00 

APA Hg 8000 26 1 3.85 
SR Hg 9000 16 2 12.50 
LS Hg 8500 42 3 7.14 
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Figure 6.105: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among 12 hunter-gatherer populations (Table 6.152), Lagoa Santa prevalence is 

the 2
nd

 position, being only below to Windover, Florida (WIN). Although there is a trend 

of increasing of systemic infections over time, this trend is not statistically significant 

including (R
2
=0.026, p=0.36; Figure 6.106) and excluding Lagoa Santa from the sample 

(R
2
=0.051, p=0.20). The comparisons between Lagoa Santa with the two oldest 

populations in the database show significant difference from “osg” (χ
2
 = 5.451, p=0.02) 
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and statistically similar to “WIN” (χ
2
 = 0.007, p=0.93) using chi-square (N-1 adjusted) 

test. 

 

 

 

Figure 6.106: Temporal trend of systemic infections using population as unit. 

 

 

Males 

 

Using a chi-square test in males, farmers, foragers and Lagoa Santa are 

significantly different using individual as unit (χ
2
 = 19.241, p<0.01). Using a chi-square 

(N-1 adjusted) test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 
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18.454, p<0.01), while Lagoa Santa is statistically similar to farmers (p=1.00) and 

foragers (p=1.00) using the Fisher Exact test (Table 6.153).  

 

 

Population 
Male Female 

Ind Affected % Sig Ind  Affected % Sig 

Ag 962 66 6.86 Hg 1111 85 7.65 Hg 

Hg 547 10 1.83 Ag 610 5 0.82 Ag, LS 

Lagoa Santa 12 0 0.00 - 10 2 20.00 Hg 

 

Table 6.153: Prevalence of systemic infections by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=76.500, p=0.12). Lagoa Santa prevalence is 

0.00% for males. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is below 50
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.154, Table 6.155 and Figure 6.107).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Systemic 
infection 
(Males) 

Total 33 0.000 0.000 0.000 1.750 8.060 19.750 23.888 

Ag 23 0.000 0.000 0.000 5.560 10.660 21.792 26.668 

Hg 10 0.000 0.000 0.000 0.400 4.878 7.306 . 

Systemic 
infection 
(Females) 

Total 33 0.000 0.000 0.000 2.270 8.655 20.190 22.754 

Ag 23 0.000 0.000 0.000 5.000 14.670 21.792 23.644 

Hg 10 0.000 0.000 0.000 0.000 1.243 1.478 . 

 

Table 6.154: Percentile of prevalence of systemic infections by sex using individual 

as unit. 

 

 

Site
a
 Subsistence Years BP 

Males Females 

Ind  Affected % Ind Affected % 

teo Ag 1625 18 5 27.78 12 0 0.00 

J73 Ag 1350 18 4 22.22 26 4 15.38 

co9 Ag 1125 52 11 21.15 75 11 14.67 

cop Ag 1125 17 3 17.65 18 4 22.22 

CUI Ag 1850 49 7 14.29 52 11 21.15 

201 Ag 600 122 13 10.66 179 18 10.06 

XCA Ag 990 20 2 10.00 9 1 11.11 

TL2 Ag 3100 116 10 8.62 149 9 6.04 

SUN Ag 750 31 2 6.45 25 6 24.00 

MON Ag 650 34 2 5.88 32 6 18.75 

Y1B Ag 700 17 1 5.88 14 1 7.14 

CO1 Ag 790 54 3 5.56 69 5 7.25 

lib Ag 1835 57 1 1.75 47 2 4.26 

QUI Ag 1200 73 1 1.37 88 2 2.27 

ESB Ag 700 100 1 1.00 73 0 0.00 

dol Ag 1050 16 0 0.00 20 1 5.00 

KIT Ag 2564 31 0 0.00 44 2 4.55 
a
See Table 6.3       

       Continued 

Table 6.155: Prevalence of systemic infections by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.155 continued 

Site
a
 Subsistence Years BP 

Males Females 

Ind  Affected % Ind Affected % 

CHB Ag 700 18 0 0.00 32 1 3.13 

SGB Ag 700 21 0 0.00 33 1 3.03 

LNC Ag 1200 12 0 0.00 10 0 0.00 

PEA Ag 900 23 0 0.00 23 0 0.00 

lat Ag 2050 14 0 0.00 23 0 0.00 

cot Ag 2278 49 0 0.00 58 0 0.00 

111 Hg 1350 40 3 7.50 41 0 0.00 

rea Hg 4663 18 1 5.56 14 0 0.00 

W43 Hg 1359 43 2 4.65 48 0 0.00 

WO7 Hg 1075 135 3 2.22 134 2 1.49 

W13 Hg 1625 125 1 0.80 146 2 1.37 

W42 Hg 5250 67 0 0.00 83 1 1.20 

101 Hg 1350 35 0 0.00 56 0 0.00 

LNP Hg 3000 56 0 0.00 50 0 0.00 

osg Hg 7425 23 0 0.00 29 0 0.00 

W38 Hg 3852 5 0 0.00 9 0 0.00 

APA Hg 8000 9 0 0.00 6 1 16.67 

SR Hg 9000 3 0 0.00 4 1 25.00 

LS Hg 8500 12 0 0.00 10 2 20.00 
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Figure 6.107: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 

 

 

Among 11 hunter-gatherer populations (Table 6.155), Lagoa Santa shows the 

lowest value, tied with five other populations. Lagoa Santa and the oldest population in 

the sample (osg) show identical prevalence (no statistical test). 

Females  

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 40.825, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=10.446, p<0.01), while Lagoa Santa is statistically similar to farmers 
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(q=1.952, 0.50<p<0.20) but different from foragers (q=3.636, 0.05<p<0.0.25; Table 

6.153).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=39.000, p<0.01). Lagoa Santa prevalence is 

20.00% for females. This value is slightly below 90
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

75
th

 and 90
th

 of farming populations, and above 90
th

 of foragers (Table 6.154, Table 6.155 

and Figure 6.108).  

 

 

 

Figure 6.108: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 



 

468 

 

Among 11 hunter-gatherer populations (Table 6.155), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

database (osg) does not show statistical difference using the Fisher Exact test (p=0.06). 

Males versus females 

 

The comparison between males and females of Lagoa Santa does not show 

statistical difference using Fisher Exact test (p=0.20). 

Under 20 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 14.684, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=6.620, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=0.044, p>0.50) and foragers (q=1.801, 0.50<p<0.20: Table 6.156).  

 

 

Population 
Under 20 

Ind (N) Affected % Significant 

Ag 1324 94 7.10 Hg 
Hg 304 4 1.32 Ag 

Lagoa Santa 20 1 5.00 - 

 

Table 6.156: Prevalence of systemic infections in individuals under 20 years old 

using individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=38.000, p<0.01). Lagoa Santa prevalence is 

5.00% for individuals under 20 years old. This value is between 50
th

 and 75
th

 of the total 

comparative sample. If the data are divided into subsistence strategies, the Lagoa Santa 

prevalence is between 25
th

 and 50
th

 of farming populations, and above 90
th

 of foragers 

(Table 6.157, Table 6.158 and Figure 6.109). 

 

 

  Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Systemic 
infection 

(Under 20) 

Total 32 0.000 0.000 0.000 2.715 8.118 18.126 21.166 

Ag 22 0.000 0.000 0.840 6.330 10.230 19.625 22.831 

Hg 10 0.000 0.000 0.000 0.000 0.950 4.475 . 

Systemic 
infection 
 (20.00-
34.99) 

Total 31 0.000 0.000 0.000 2.630 4.760 23.226 25.908 

Ag 21 0.000 0.000 0.000 4.550 10.020 25.000 27.043 

Hg 10 0.000 0.000 0.000 0.000 3.630 4.530 . 

Systemic 
infection 
 (35.00-
49.99) 

Total 33 0.000 0.000 0.000 0.790 8.010 15.740 19.140 

Ag 23 0.000 0.000 0.000 3.570 11.110 17.974 19.290 

Hg 10 0.000 0.000 0.000 0.000 0.513 3.838 . 

 

Table 6.157: Percentile of prevalence of systemic infections by age group using 

individual as unit. 
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Sitea Subsistence Years BP Ind (N) Affected % 

MON Ag 650 60 14 23.33 
lat Ag 2050 5 1 20.00 
J73 Ag 1350 64 12 18.75 
CUI Ag 1850 18 3 16.67 
co9 Ag 1125 119 13 10.92 
cop Ag 1125 10 1 10.00 
teo Ag 1625 21 2 9.52 
SUN Ag 750 84 7 8.33 
ESB Ag 700 214 16 7.48 
TL2 Ag 3100 68 5 7.35 
CHB Ag 700 62 4 6.45 

201 Ag 600 145 9 6.21 
SGB Ag 700 36 2 5.56 
Y1B Ag 700 32 1 3.13 
CO1 Ag 790 87 2 2.30 
KIT Ag 2564 62 1 1.61 
QUI Ag 1200 89 1 1.12 
XCA Ag 990 5 0 0.00 
PEA Ag 900 52 0 0.00 
dol Ag 1050 10 0 0.00 
cot Ag 2278 40 0 0.00 
lib Ag 1835 41 0 0.00 

101 Hg 1350 22 1 4.55 

WO7 Hg 1075 79 3 3.80 
111 Hg 1350 47 0 0.00 
LNP Hg 3000 8 0 0.00 
rea Hg 4663 17 0 0.00 
osg Hg 7425 21 0 0.00 

W43 Hg 1359 33 0 0.00 
W13 Hg 1625 47 0 0.00 
W38 Hg 3852 11 0 0.00 
W42 Hg 5250 19 0 0.00 

APA Hg 8000 11 0 0.00 
SR Hg 9000 9 1 11.11 

LS Hg 8500 20 1 5.00 
a
See Table 6.3 

Table 6.158: Prevalence of systemic infections in individuals under 20 years old for 

Lagoa Santa and the populations of the comparative sample. 
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Figure 6.109: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals under 20 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.158), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

sample (osg) does not show statistical difference using the Fisher Exact test (p=0.49). 

 

20.00-34.99 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 12.824, p<0.01). Using a 
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Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=5.353, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.515, p>0.50) and foragers (q=2.441, 0.20<p<0.10; Table 6.159).  

 

 

Population 
20.00-34.99 35.00-49.99 

Ind Affected % Sig Ind Affected % Sig 

Ag 831 43 5.17 Hg 937 60 6.40 Hg 

Hg 407 5 1.23 Ag 1470 6 0.41 Ag  

Lagoa Santa 8 1 12.50 - 10 1 10.00 - 

 

Table 6.159: Prevalence of systemic infections by age group using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=58.500, p=0.04). Lagoa Santa prevalence is 

12.50% for individuals between 20.00 and 34.99 years old. This value is between 75
th

 

and 90
th

 of the total comparative sample. If the data are divided into subsistence 

strategies, the Lagoa Santa prevalence is between 75
th

 and 90
th

 of farmer populations, and 

above 90
th

 of foragers (Table 6.157, Table 6.160 and Figure 6.110).  
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Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind  Affected % Ind Affected % 

J73 Ag 1350 11 3 27.27 22 3 13.64 

co9 Ag 1125 24 6 25.00 54 8 14.81 

XCA Ag 990 8 2 25.00 17 1 5.88 

MON Ag 650 31 5 16.13 26 2 7.69 

CUI Ag 1850 31 4 12.90 55 9 16.36 

CO1 Ag 790 70 5 7.14 56 2 3.57 

201 Ag 600 100 7 7.00 68 5 7.35 

SUN Ag 750 21 1 4.76 31 6 19.35 

KIT Ag 2564 42 2 4.76 30 0 0.00 

dol Ag 1050 21 1 4.76 7 0 0.00 

SGB Ag 700 22 1 4.55 23 0 0.00 

TL2 Ag 3100 90 3 3.33 135 15 11.11 

QUI Ag 1200 76 2 2.63 75 1 1.33 

ESB Ag 700 62 0 0.00 127 1 0.79 

Y1B Ag 700 11 0 0.00 11 1 9.09 

lib Ag 1835 49 0 0.00 54 1 1.85 

CHB Ag 700 33 0 0.00 18 0 0.00 

LNC Ag 1200 5 0 0.00 16 0 0.00 

PEA Ag 900 23 0 0.00 18 0 0.00 

lat Ag 2050 18 0 0.00 24 0 0.00 

cot Ag 2278 78 0 0.00 37 0 0.00 

teo Ag 1625 . . . 21 4 19.05 

cop Ag 1125 . . . 12 1 8.33 
a
See Table 6.3       

       Continued 

Table 6.160: Prevalence of systemic infections by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.160 continued 

Site
a
 Subsistence Years BP 

20.00-34.99 35.00-49.99 

Ind  Affected % Ind Affected % 

W43 Hg 1359 44 2 4.55 190 0 0.00 

111 Hg 1350 23 1 4.35 22 0 0.00 

W13 Hg 1625 59 2 3.39 320 1 0.31 

WO7 Hg 1075 83 0 0.00 355 3 0.85 

rea Hg 4663 6 0 0.00 24 1 4.17 

W42 Hg 5250 31 0 0.00 252 1 0.40 

101 Hg 1350 38 0 0.00 22 0 0.00 

LNP Hg 3000 48 0 0.00 69 0 0.00 

osg Hg 7425 20 0 0.00 23 0 0.00 

W38 Hg 3852 55 0 0.00 193 0 0.00 

APA Hg 8000 6 1 16.67 7 0 0.00 

SR Hg 9000 2 0 0.00 3 1 33.33 

LS Hg 8500 8 1 12.50 10 1 10.00 
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Figure 6.110: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals between 20.00 and 34.99 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.160), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

database (osg) does not show statistical difference using Fisher Exact test (p=0.29). 

35.00-49.99 years old age group 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 78.261, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 
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significantly (q=12.879, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.063, p>0.50) and foragers (q=2.803, 0.20<p<0.10; Table 6.159).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=61.000, p=0.03). Lagoa Santa prevalence is 

10.00% for individuals between 35.00 and 49.99 years old. This value is between 75
th

 

and 90
th

 of the total comparative sample. If the data are divided into subsistence 

strategies, the Lagoa Santa prevalence is between 50
th

 and 75
th

 of farming populations, 

and above 90
th

 of foragers (Table 6.157, Table 6.160 and Figure 6.111).  
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Figure 6.111: Prevalence of systemic infections for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in individuals between 35.00 and 49.99 years old. 

 

 

Among 11 hunter-gatherer populations (Table 6.160), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa and the oldest population in the 

sample (osg) does not show statistical difference using Fisher Exact test (p=0.30). 

Isolated long bones 
 

Using chi-square (N-1 adjusted) test and Fisher Exact test, prevalence of 

infections in males and females are statistically similar for all bone types analyzed. A 
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non-significant trend to higher infection prevalence in females than in males was detected 

in the tibia (χ
2
 = 3.461, p=0.06). The total value shows significant higher prevalence of 

bones infected in females than in males (χ
2
 = 5.586, p=0.03; Table 6.161). This result is 

due to the presence of infected tibia and fibula in two female skeletons from Santana do 

Riacho (SR1-SepVIIia and SR1-SepIX). The tibia is the most affected bone followed by 

fibula, femur and ulna (Table 6.162). 

 

 

Bones 
Males Females 

Sig 
Bones Affected % Bones Affected % 

Humerus 9 0 0.00 17 0 0.00 - 
Ulna 18 0 0.00 9 0 0.00 - 

Radius 19 0 0.00 8 0 0.00 - 
Femur 23 0 0.00 12 0 0.00 - 
Tibia 15 0 0.00 14 3 21.43 0.06 

Fibula 5 0 0.00 5 1 20.00 1.00* 

Total 89 0 0.00 65 4 6.15 0.02 
*Fisher Exact test (less than 1 as expected) 

Table 6.161: Prevalence of infections by bone type and sex using bone as unit. 
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Bones 
Total 

Bones Affected % 

Humerus 88 0 0.00 
Ulna 75 1 1.33 

Radius 77 0 0.00 
Femur 85 1 1.18 
Tibia 81 10 12.35 

Fibula 50 1 2.00 

Total 456 13 2.85 

 

Table 6.162: Prevalence of infections by bone type using bone as unit. 

 

 

Using Mann-Whitney test, infection severity in males and females are statistically 

similar for all bone types analyzed. A non-significant trend to higher infection prevalence 

in females than in males was detected in the tibia and fibula (tibia/p=0.06, fibula/p=0.32). 

The total value shows significant higher severity of bones infected in females than in 

males (p=0.02; Table 6.163). This result is due to affected tibia and fibula in two female 

skeletons from Santana do Riacho (SR1-SepVIIia and SR1-SepIX). The tibia is the most 

severely affected bone followed by fibula, femur and ulna (Table 6.164). 
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Bones 
Males Females 

Sig 
Bones Severity St. Dev. Bones Severity St. Dev. 

Humerus 9 1.00 0.00 17 1.00 0.00 p=1.00 
Ulna 18 1.00 0.00 9 1.00 0.00 p=1.00 

Radius 19 1.00 0.00 8 1.00 0.00 p=1.00 
Femur 23 1.00 0.00 12 1.00 0.00 p=1.00 
Tibia 15 1.00 0.00 14 1.50 1.02 p=0.06 

Fibula 5 1.00 0.00 5 1.60 1.34 p=0.32 

Total 89 1.00 0.00 65 1.15 0.62 p=0.02 

 

Table 6.163: Severity of infections by bone type and sex using bone as unit. 

 

 

Bones 
Total 

Bones Severity St. Dev. 

Humerus 88 1.00 0.00 
Ulna 75 1.01 0.12 

Radius 77 1.00 0.00 
Femur 85 1.01 0.11 
Tibia 81 1.19 0.55 

Fibula 50 1.06 0.42 

Total 456 1.04 0.29 

 

Table 6.164: Severity of infections by bone type using bone as unit. 

 

 

Summary 
 

Comparative sample 

Agriculturalists show significantly more infections than hunter-gatherers using individual 

and population as unit. The only exception was the analysis of tibia infection which does 
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not reach statistical difference, although agriculturalists showed higher prevalence of 

infections than foragers. 

Tibia infection 

Lagoa Santa value (1.19) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (1.00) is statistically similar to foragers, being on their 5
th

 and 

10
th

 percentile.  

Females: Lagoa Santa value (1.50) is statistically similar to foragers, although above their 

75
th

 percentile. 

Males and females are statistically similar using individual. Using bone as unit, there is a 

non-significant trend towards more prevalence of tibia infections in females than in 

males. 

Under 20.00 years old: Lagoa Santa value (1.06) is statistically similar to foragers, being 

below their 50
th

 percentile. 

20.00 to 34.99 years old: Lagoa Santa value (1.00) is statistically similar to foragers, 

being on their 5
th

 and 10
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa value (2.00) is statistically similar to foragers, 

although above their 75
th

 percentile. 

Remaining skeleton – localized infection 

Lagoa Santa prevalence (7.14%) is statistically similar to foragers, although above their 

75
th

 percentile.  
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Males: Lagoa Santa prevalence (16.67%) is statistically similar to foragers, although 

above their 90
th

 percentile.  

Females: Lagoa Santa prevalence (10.00%) is statistically similar to foragers, although 

above their 75
th

 percentile. 

Males and females are statistically similar using individual and bone as unit. 

Under 20.00 years old: Lagoa Santa prevalence (0.00%) is statistically similar to 

foragers, being below their 75
th

 percentile. 

20.00 to 34.99 years old: Lagoa Santa prevalence (12.50%) is statistically similar to 

foragers, although above their 90
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa prevalence (10.00%) is statistically similar to 

foragers, although above their 90
th

 percentile. 

Systemic infection 

Lagoa Santa prevalence (7.14%) is statistically similar to foragers, although above their 

90
th

 percentile.  

Males: Lagoa Santa prevalence (0.00%) is statistically similar to foragers, being below 

their 50
th

 percentile.  

Females: Lagoa Santa prevalence (20.00%) is statistically different from foragers, being 

above their 90
th

 percentile. 

Males and females are statistically similar using individual as unit. 

Under 20.00 years old: Lagoa Santa prevalence (5.00%) is statistically similar to 

foragers, although above their 90
th

 percentile. 
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20.00 to 34.99 years old: Lagoa Santa prevalence (12.50%) is statistically similar to 

foragers, although above their 90
th

 percentile. 

35.00 to 49.99 years old: Lagoa Santa prevalence (10.00%) is statistically similar to 

foragers, although above their 90
th

 percentile. 
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Systemic stress during growth and development 
 

Stature 
 

Using one-way ANOVA test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (F=0.538, p=0.58, Table 6.165). 

  

 

Population Ind. Stature St. Dev. Sig 

Ag 1165 1584 79.27 - 
Hg 320 1588 77.71 - 

Lagoa Santa 28 1596 72.85 - 

 

Table 6.165: Stature estimation using individual as unit. 

 

 

 Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=97.500, p=0.95). Lagoa Santa average stature is 

1596 mm. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa value is between 50
th

 and 75
th

 of 

farming populations, and slightly below 50
th

 of foragers (Table 6.166, Table 6.167 and 

Figure 6.112). 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Stature 
(mm) 

 

Total 31 1515 1526 1548 1576 1620 1652 1659 

Ag 22 1528 1540 1548 1575 1611 1651 1659 

Hg 9 1515 1515 1521 1598 1630 . . 

Femur 
length (mm) 

Total 31 392 395 404 416 435 447 451 

Ag 22 398 402 406 416 431 446 451 

Hg 9 390 390 394 425 440 . . 

 

Table 6.166: Percentile of stature estimation and femur length using individual as 

unit. 
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Sitea Subsistence Years BP Ind. Stature 
St. 

Dev. 

KIT Ag 2564 64 1660 80.61 
SUN Ag 750 55 1654 68.45 
PEA Ag 900 45 1644 66.04 
teo Ag 1625 10 1638 47.46 

MON Ag 650 66 1624 76.19 
201 Ag 600 222 1606 74.16 
XCA Ag 990 5 1595 83.83 
TL2 Ag 3100 102 1590 68.29 
dol Ag 1050 20 1578 57.04 
CUI Ag 1850 33 1576 74.68 

CO1 Ag 790 34 1576 69.22 
co9 Ag 1125 71 1573 49.21 
J73 Ag 1350 19 1558 56.75 
lib Ag 1835 34 1556 79.47 

Y1B Ag 700 37 1555 59.15 
cot Ag 2278 19 1552 85.96 
cop Ag 1125 19 1548 34.41 
lat Ag 2050 7 1548 53.04 

QUI Ag 1200 115 1542 65.65 
SGB Ag 700 39 1541 66.29 
CHB Ag 700 75 1539 67.86 
AZ1 Ag 1175 74 1526 68.96 

WO7 Hg 1075 31 1658 71.54 
111 Hg 1350 35 1640 71.80 
W43 Hg 1359 49 1620 62.15 
101 Hg 1350 21 1600 68.60 
W42 Hg 5250 18 1598 61.02 
W13 Hg 1625 94 1574 59.52 
MR1 Hg 6015 44 1526 54.77 
osg Hg 7425 12 1515 76.03 
rea Hg 4663 14 1515 87.27 

APA Hg 8000 22 1595 73.46 
SR Hg 9000 6 1600 77.30 

LS Hg 8500 28 1596 72.85 
a
See Table 6.3 

Table 6.167: Stature estimation for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.112: Stature estimation for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value. 

 

 

Among 10 hunter-gatherer populations (Table 6.167), Lagoa Santa value is in the 

6
th

 position. There is a significant trend of increasing stature over time when excluding 

Lagoa Santa of the sample (R
2
=0.132, p=0.045). However, this trend becomes non-

significant when Lagoa Santa is included in the database (R
2
=0.069, p=0.15; Figure 

6.113). The comparison between Lagoa Santa with the oldest populations in the sample 

(osg) shows significant difference using the t-test (t=3.176, p<0.01). 
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Figure 6.113: Temporal trend of stature estimation using population as unit. 

 

 

Males 

 

Using a one-way ANOVA test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (F=0.764, p=0.47, Table 6.168). 
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Population 

Male Female 

Ind Stature 
Std 

Dev. 
Sig Ind Stature 

Std 
Dev. 

Sig 

Ag 511 1638 66.48 - 608 1540 57.44 - 

Hg 133 1631 66.82 - 175 1551 64.78 - 

Lagoa Santa 15 1644 44.61 - 13 1528 36.44 - 

 

Table 6.168: Stature estimation by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=72.500, p=0.70). Lagoa Santa average stature is 

1644 mm for males. This value is between 50
th

 and 75
th

 of the total comparative sample. 

If the data are divided into subsistence strategies, the Lagoa Santa value is 50
th

 and 75
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.169, Table 6.170 and 

Figure 6.114). Among nine hunter-gatherer populations (Table 6.170), Lagoa Santa value 

is in the 6
th

 position. 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Stature 
(males) 

Total 28 1564 1576 1597 1616 1670 1702 1722 

Ag 20 1577 1585 1597 1614 1662 1704 1734 

Hg 8 1561 1561 1579 1649 1677 . . 

Stature 
 (Females) 

Total 28 1467 1486 1499 1539 1567 1607 1616 

Ag 19 1496 1496 1500 1525 1565 1595 . 

Hg 9 1453 1453 1485 1551 1591 . . 

 

Table 6.169: Percentile of stature estimation by sex using individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Stature 
St. 

Dev. 
Ind. Stature 

St. 
Dev. 

KIT Ag 2564 26 1735 55.04 37 1607 48.11 

SUN Ag 750 31 1705 35.02 24 1588 36.58 

PEA Ag 900 22 1697 45.69 23 1595 37.45 

MON Ag 650 32 1680 48.89 32 1567 54.57 

201 Ag 600 84 1665 56.49 111 1565 51.72 

teo Ag 1625 8 1654 38.23 . . . 

TL2 Ag 3100 46 1641 56.53 56 1548 44.86 

CUI Ag 1850 17 1630 51.06 16 1519 48.63 

CO1 Ag 790 19 1617 38.46 15 1523 64.34 

J73 Ag 1350 7 1614 26.58 12 1525 41.50 

dol Ag 1050 9 1613 51.62 11 1549 45.10 

co9 Ag 1125 31 1611 37.01 40 1543 35.10 

lib Ag 1835 18 1600 58.08 13 1499 63.66 

cot Ag 2278 10 1600 64.24 9 1499 77.00 

SGB Ag 700 17 1598 36.62 22 1496 46.24 

CHB Ag 700 24 1596 56.09 42 1505 48.82 

QUI Ag 1200 51 1594 50.85 62 1500 39.67 

Y1B Ag 700 20 1594 45.27 16 1511 38.67 

AZ1 Ag 1175 27 1584 66.39 46 1496 35.81 

cop Ag 1125 6 1577 25.03 13 1534 29.87 

111 Hg 1350 9 1702 44.96 20 1608 62.18 

WO7 Hg 1075 17 1679 59.35 13 1622 69.49 

W43 Hg 1359 23 1672 44.18 26 1574 32.13 

101 Hg 1350 6 1650 62.15 10 1552 36.93 

W42 Hg 5250 9 1648 38.34 9 1548 29.56 

W13 Hg 1625 36 1613 50.41 58 1551 52.28 

MR1 Hg 6015 22 1568 39.74 22 1484 30.39 

rea Hg 4663 8 1561 79.47 6 1453 54.60 

osg Hg 7425 . . . 9 1486 56.92 

APA Hg 8000 13 1638 43.90 9 1517 30.89 

SR Hg 9000 2 1679 42.67 4 1554 38.38 

LS Hg 8500 15 1644 44.61 13 1528 36.44 
a
See Table 6.3 

Table 6.170: Stature estimation by sex for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.114: Stature estimation for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value in males. 

 

 

Females 

 

Using a Kruskal-Wallis test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (χ
2
 = 4.487, p=0.11; Table 6.168).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=76.500, p=0.66). Lagoa Santa average stature is 

1528 mm for females. This value is between 25
th

 and 50
th

 of the total comparative 

sample. If the data are divided into subsistence strategies, the Lagoa Santa value is 
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slightly above 50
th

 of farming populations, and between 25
th

 and 50
th

 of foragers (Table 

6.169, Table 6.170 and Figure 6.115).  

 

 

 

Figure 6.115: Stature estimation for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value in females. 

 

 

Among 10 hunter-gatherer populations (Table 6.170), Lagoa Santa is in the 7
th

 

position. The comparison between Lagoa Santa with the oldest populations in the 

database (osg) shows significant difference using the t-test (t=2.128, p<0.046). 
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Femur length 
 

Using a one-way ANOVA test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (F=1.614, p=0.20; Table 6.171). 

 

 

Population Ind. Femur St. Dev. Sig 

Ag 1165 420 29.71 - 

Hg 320 422 29.95 - 

Lagoa Santa 14 409 26.37 - 

 

Table 6.171: Femur length using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=96.000, p=0.90). Lagoa Santa average femur 

length is 409 mm. This value is between 25
th

 and 50
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 

50
th

 of farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.166, Table 

6.172 and Figure 6.116). 

  

 

 

 



 

494 

 

Sitea Subsistence Years BP Ind. Femur St. Dev. 

KIT Ag 2564 64 452 28.00 
SUN Ag 750 55 447 22.54 
PEA Ag 900 45 445 22.12 
teo Ag 1625 10 439 15.70 

MON Ag 650 66 436 27.27 
201 Ag 600 222 429 27.47 
XCA Ag 990 5 425 31.27 
TL2 Ag 3100 102 423 24.53 
dol Ag 1050 20 418 20.91 
co9 Ag 1125 71 416 17.03 
CUI Ag 1850 33 416 26.88 

CO1 Ag 790 34 415 25.46 
J73 Ag 1350 19 410 19.80 
cop Ag 1125 19 407 12.19 
lib Ag 1835 34 407 30.13 

Y1B Ag 700 37 407 21.03 
cot Ag 2278 19 406 33.02 
lat Ag 2050 7 404 19.49 

QUI Ag 1200 115 402 23.76 
SGB Ag 700 39 402 23.87 
CHB Ag 700 75 402 25.72 
AZ1 Ag 1175 74 397 25.74 

WO7 Hg 1075 31 450 27.83 

111 Hg 1350 35 445 27.31 
W43 Hg 1359 49 435 20.70 
101 Hg 1350 21 427 25.29 
W42 Hg 5250 18 425 20.10 
W13 Hg 1625 94 417 22.65 
MR1 Hg 6015 44 395 19.07 
osg Hg 7425 12 393 29.10 
rea Hg 4663 14 390 33.09 

APA Hg 8000 12 404 23.72 
SR Hg 9000 2 435 35.36 
LS Hg 8500 14 409 26.37 

a
See Table 6.3 

Table 6.172: Femur length for Lagoa Santa and the populations of the comparative 

sample. 
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Figure 6.116: Femur length for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value. 

 

 

Among 10 hunter-gatherer populations (Table 6.172), Lagoa Santa is in the 7
th

 

position. There is a significant increasing of femur length over time when Lagoa sample 

is included (R
2
=0.124, p=0.048; Figure 6.117) and excluded of the sample (R

2
=0.133, 

p=0.04). The comparison between Lagoa Santa with the oldest population in the sample 

(osg) shows no significant difference using the t-test (t=1.413, p=0.17). 
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Figure 6.117: Temporal trend of femur length using population as unit.  

 

 

Males 

 

Using a one-way ANOVA test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (F=1.073, p=0.34; Table 6.173). 
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Population 

Male Female 

Ind Femur 
Std 

Dev. 
Sig Ind Femur 

Std 
Dev. 

Sig 

Ag 511 436 26.36 - 608 407 25.08 Hg 

Hg 133 433 26.51 - 175 412 28.30 Ag 

Lagoa Santa 7 426 23.46 - 4 397 16.10 - 

 

Table 6.173: Femur length by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=71.500, p=0.67). Lagoa Santa average femur 

length is 426 mm for males. This value is slightly below 50
th

 of the total comparative 

sample. If the data are divided into subsistence strategies, the Lagoa Santa mean is the 

same of the median of farming populations, and between 25
th

 and 50
th

 of foragers (Table 

6.174, Table 6.175 and Figure 6.118).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Femur 
length 

(Males) 

Total 28 406 412 419 427 448 461 469 

Ag 20 412 414 419 426 445 462 473 

Hg 8 405 405 413 441 451 . . 

Femur 
length 

 (Females) 

Total 28 375 384 389 407 419 437 440 

Ag 19 388 388 390 401 418 431 . 

Hg 9 369 369 384 412 430 . . 

 

Table 6.174: Percentile of femur length by sex using individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Femur 
St. 

Dev. 
Ind. Femur 

St. 
Dev. 

KIT Ag 2564 26 474 21.83 37 437 20.99 

SUN Ag 750 31 462 13.89 24 428 15.99 

PEA Ag 900 22 459 18.08 23 431 16.42 

MON Ag 650 32 452 19.38 32 419 23.83 

201 Ag 600 84 446 22.41 111 418 22.59 

teo Ag 1625 8 442 15.12 . . . 

TL2 Ag 3100 46 437 22.43 56 411 19.62 

CUI Ag 1850 17 433 20.30 16 398 21.26 

CO1 Ag 790 19 427 15.23 15 400 28.07 

J73 Ag 1350 7 426 10.59 12 401 18.02 

dol Ag 1050 9 426 20.50 11 411 19.73 

co9 Ag 1125 31 425 14.62 40 409 15.40 

lib Ag 1835 18 421 23.03 13 389 27.77 

cot Ag 2278 10 421 25.50 9 389 33.68 

SGB Ag 700 17 420 14.46 22 388 20.22 

CHB Ag 700 24 419 22.25 42 392 21.35 

QUI Ag 1200 51 419 20.15 62 390 17.35 

Y1B Ag 700 20 418 18.00 16 395 16.84 

AZ1 Ag 1175 27 414 26.31 46 388 15.66 

cop Ag 1125 6 412 9.99 13 405 12.90 

111 Hg 1350 9 461 17.86 20 437 27.24 

WO7 Hg 1075 17 452 23.51 13 443 30.39 

W43 Hg 1359 23 449 17.49 26 422 14.04 

101 Hg 1350 6 441 24.67 10 413 16.19 

W42 Hg 5250 9 440 15.11 9 411 12.97 

W13 Hg 1625 36 426 19.97 58 412 22.81 

MR1 Hg 6015 22 408 15.73 22 383 13.23 

rea Hg 4663 8 405 31.57 6 369 23.81 

osg Hg 7425 . . . 9 384 24.88 

APA Hg 8000 6 421 19.88 3 393 16.62 

SR Hg 9000 1 460 . 1 410 . 

LS Hg 8500 7 426 23.46 4 397 16.10 
a
See Table 6.3 

Table 6.175: Femur length by sex for Lagoa Santa and the populations of the 

comparative sample. 
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Figure 6.118: Femur length for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value in males. 

 

 

Among eight hunter-gatherer populations (Table 6.175), Lagoa Santa value is in 

the 6
th

 position, tied with Costal Southern California (W13). 

Females 

 

Using a one-way ANOVA test, farmers, hunter-gatherers and Lagoa Santa do not 

differ significantly using individual as unit (F=2.466, p=0.09; Table 6.173).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=76.500, p=0.66). Lagoa Santa average femur 
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length is 397 mm for females. This value is between 25
th

 and 50
th

 of the total comparative 

sample. If the data are divided into subsistence strategies, the Lagoa Santa value is 

between 25
th

 and 50
th

 of farming populations, and between 25
th

 and 50
th

 of foragers 

(Table 6.174, Table 6.175 and Figure 6.119).  

 

 

 

Figure 6.119: Femur length for agriculturalists and hunter-gatherers using 

individual as unit. The dotted line represents the Lagoa Santa value in females. 
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Among nine hunter-gatherer populations (Table 6.175), Lagoa Santa value is in 

the 7
th

 position. The comparison between Lagoa Santa with the oldest populations in the 

database (osg) shows no significant difference using the t-test (t=0.956, p=0.36). 

Stature formulae  
 

 Three different stature estimations were applied to the long bones of Lagoa 

Santa. The first stature formula was obtained from cadavers of Native Americans of 

Mexico by Genovés (1967) and corrected by Angel and Cisneros (2004). The other two 

formulae were based on the traditional (Sciulli and Giesen, 1993) and the corrected 

(Raxter et al., 2006, 2007; Sciulli and Heatland, 2007) Fully method of skeletal height. 

Both skeleton height formulae were obtained using prehistoric populations from the Ohio 

Valley. The results of the three methods showed that Sciulli and Giesen (1993) 

underestimate stature, but this error is corrected in the revised method (Sciulli and 

Heatland, 2007). The difference between the corrected formula of Genovés (based on 

cadavers) and the corrected Fully method (based on skeleton height) is of 1.9 cm. Males 

and females follow approximately the same pattern of differences observed in the pooled 

sample (Table 6.176).  
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Genovés corrected Sciulli and Giesen (1993) Sciulli and Hetland (2007) 

Ind Stature St. Dev Ind Stature St. Dev Ind Stature St. Dev 

Males 14 1630 33.10 14 1602 43.92 15 1644 44.61 

Females 11 1495 37.65 11 1486 38.60 13 1528 36.44 

Total 24 1577 71.29 26 1548 73.29 28 1596 72.85 

 

Table 6.176: Stature estimation by sex using three different formulae. 

 

 

Long bone proportions 
  

Stature was estimated for each of the long bones in order to investigate the body 

proportions of the Lagoa Santa sample.  Stature estimation by bone type resulted in a 

consistent pattern in the three formulae showing the highest stature in the radius, 

followed by ulna, humerus, tibia and femur (Table 6.177). This pattern indicates that 

Lagoa Santa individuals have relatively longer distal bones (radius, ulna and tibia) than 

proximal long bones (humerus and femur).  
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Bones N 
Genovés corrected 

Sciulli and Giesen 
(1993) 

Sciulli and Hetland 
(2007) 

Stature St. Dev Stature St. Dev Stature St. Dev 

Humerus 16 1558 75.10 1544 69.17 1588 67.38 

Ulna 21 1600 71.75 . . 1622 72.68 

Radius 18 1611 58.70 1580 63.16 1623 62.18 

Femur 14 1549 71.42 1518 72.76 1561 72.02 

Tibia 12 . . 1523 53.62 1572 53.34 

Total 81 1583 72.65 1545 68.70 1597 69.71 

 

Table 6.177: Stature estimation by bone type using three different formulae. 

 

 

 The crural and brachial indices show the proportion between distal and 

proximal long bones. The results of Lagoa Santa showed relatively longer distal bones in 

relation to proximal ones. Males and females have the same crural index, but they differ 

slightly regarding the brachial index (Table 6.178 and Table 6.179).   

 

 

Brachial 
index 

N Radius 
St. 

Dev 
N Humerus 

St. 
Dev 

Radius/Humerus 

Males 8 244 14.17 9 311 14.23 0.78 
Females 2 212 15.56 7 280 10.32 0.76 

Total 18 239 16.85 16 297 20.14 0.80 

 

Table 6.178: Brachial index by sex. 
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Crural index N Tibia 
St. 

Dev 
N 

Femur 
(phys.) 

St. 
Dev 

Tibia/Femur 
(phys.) 

Males 3 361 17.62 6 414 26.02 0.87 
Females 5 340 15.99 4 392 13.87 0.87 

Total 12 344 18.68 12 400 24.73 0.86 

 

Table 6.179: Crural index by sex. 

 

 

Inter-observer error 
 

The maximum femur length of two adult individuals from Santana do Riacho was 

measured by Cornero (2005). The burial II yielded a femoral length of 461 mm, while the 

burial III yielded a femoral length of 409 mm. These same bones were measured by me 

resulting in 460 mm for femur length of burial II and 410 mm for femur length of burial 

III. The difference of only 1 mm indicates the high precision of these measurements.      

Linear enamel hypoplasias (LEH) 
 

 Farmers have more severity and prevalence of LEHs in the maxillary central 

incisors than foragers using individual as unit. In turn, Lagoa Santa shows very high 

prevalence and severity of individuals affected by LEHs, being higher than farming 

populations. Although these results might be pointing to high systemic stress in Lagoa 

Santa inhabitants, inter-observer comparison raises some doubts on this conclusion. 

Cornero (2005) reported a lower severity and prevalence of LEHs for the Santana do 

Riacho collection. While her LEH data are closer to foragers’ average, the data collected 
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by me are much above farmers’ average (Table 6.180). The same pattern is found in the 

prevalence and severity of LEHs in the canine using individual as unit (Table 6.181). In 

fact, the conclusions derived from the LEH data are completely different depending on 

the data collector. This large inter-observer error precludes the application of further 

analysis using LEH in this investigation. Two explanations are raised to understand these 

differences. First, a source of light was used in the LEH analysis in this investigation in 

order to standardize the illumination across different museums and periods of the day in 

which the data was collected. This source of light might increase the positive 

identification of LEH. Second, I might be considered small variations of the enamel relief 

as LEH, while Cornero was more conservative. Future work with microscopic analysis of 

anterior teeth molds will provide a more reliable method to approach this dental marker. 

 

 

Population 
Central Incisors - maxilla 

Ind (N) Severity Std Dev. Affected % 

Ag 941 1.42 0.68 296 31.46 
Hg 321 1.09 0.31 25 7.79 

APA Karst 20 1.95 0.76 14 70.00 

Santana do Riacho 8 2.00 0.87 5 62.50 
Satanta do Riacho 

(Cornero) 
9 1.11 0.33 1 11.11 

Lagoa Santa 28 1.96 0.79 19 67.86 

 

Table 6.180: Prevalence and severity of LEH in central incisors (maxilla) using 

individual as unit. 
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Population 
Canines 

Ind (N) Severity Std Dev. Affected % 

Ag 1343 1.58 0.73 578 43.04 
Hg 556 1.22 0.43 117 21.04 

APA Karst 44 2.27 0.90 31 70.45 
Santana do Riacho 8 2.13 0.87 6 75.00 
Satanta do Riacho 

(Cornero) 
8 1.13 0.35 1 12.50 

Lagoa Santa 52 2.25 0.88 37 71.15 

 

Table 6.181: Prevalence and severity of LEH in canines using individual as unit. 

  

 

Cribra orbitalia 
 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 55.776, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=7.336, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=1.998, 

0.20<p<0.10) and foragers (Q=0.051, p>0.50; Table 6.182). 

 

 

Population Ind. Severity St. Dev. Sig 

Ag 2118 1.22 0.45 Hg 
Hg 888 1.11 0.34 Ag 

Lagoa Santa 50 1.12 0.39 - 

 

Table 6.182: Severity of cribra orbitalia using individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=75.500, p=0.09). Lagoa Santa severity value is 

1.12. This value is slightly below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 50
th

 of 

farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.183, Table 6.184 and 

Figure 6.120).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cribra 
orbitalia 

Total 34 1.00 1.00 1.04 1.13 1.39 1.49 1.76 

Ag 24 1.00 1.00 1.06 1.21 1.41 1.61 1.81 

Hg 10 1.00 1.00 1.02 1.07 1.19 1.38 . 

Porotic 
hyperostosis 

Total 34 1.00 1.00 1.04 1.15 1.35 1.42 1.61 

Ag 24 1.00 1.02 1.08 1.18 1.36 1.51 1.68 

Hg 10 1.00 1.00 1.00 1.08 1.17 1.28 . 

 

Table 6.183: Percentile of severity of cribra orbitalia and porotic hyperostosis using 

individual as unit. 
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Sitea Subsistence Years BP Ind. Severity St. Dev. 

dol Ag 1050 30 1.83 0.38 
cop Ag 1125 22 1.73 0.46 
CHB Ag 700 157 1.49 0.62 
SGB Ag 700 75 1.48 0.58 
Y1B Ag 700 60 1.45 0.57 
J73 Ag 1350 56 1.41 0.56 
XCA Ag 990 20 1.40 0.68 
co9 Ag 1125 100 1.40 0.49 
CUI Ag 1850 61 1.34 0.51 
CO1 Ag 790 121 1.32 0.49 
TL2 Ag 3100 206 1.27 0.47 

ESB Ag 700 137 1.26 0.49 
MON Ag 650 100 1.16 0.37 
teo Ag 1625 31 1.13 0.34 
QUI Ag 1200 185 1.12 0.32 
cot Ag 2278 21 1.10 0.30 

SUN Ag 750 116 1.09 0.28 
lib Ag 1835 25 1.08 0.28 
KIT Ag 2564 123 1.05 0.22 
201 Ag 600 287 1.03 0.17 
AZ1 Ag 1175 88 1.00 0.00 
LNC Ag 1200 18 1.00 0.00 
PEA Ag 900 69 1.00 0.00 

lat Ag 2050 10 1.00 0.00 
a
See Table 6.3              Continued 

Table 6.184: Severity of cribra orbitalia for Lagoa Santa and the populations of the 

comparative sample. 
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Table 6.184 continued 

Sitea Subsistence Years BP Ind. Severity St. Dev. 

WIN Hg 7400 94 1.39 0.64 
LNP Hg 3000 87 1.28 0.45 
MR1 Hg 6015 44 1.16 0.37 
111 Hg 1350 59 1.10 0.30 
rea Hg 4663 24 1.08 0.28 

WO7 Hg 1075 180 1.06 0.23 
W42 Hg 5250 151 1.04 0.20 
W13 Hg 1625 194 1.02 0.14 
101 Hg 1350 45 1.00 0.00 

osg Hg 7425 10 1.00 0.00 

APA Hg 8000 41 1.10 0.37 
SR Hg 9000 9 1.22 0.44 
LS Hg 8500 50 1.12 0.39 
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Figure 6.120: Severity of cribra orbitalia for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa severity. 

 

 

Among 11 hunter-gatherer populations (Table 6.184), Lagoa Santa value is in the 

4
th

 position. Although there is a non-significant trend of increasing cribra orbitalia over 

time, this trend is not statistically significant including (R
2
=0.038, p=0.26; Figure 6.121) 

and excluding Lagoa Santa of the sample (R
2
=0.033, p=0.30). The comparisons between 

Lagoa Santa with the two oldest populations in the sample show significant difference 

from “WIN” (Mw=1854.500, p=0.01) and statistically similar to “osg” (Mw=225.000, 

p=0.30) using the Mann-Whitney test. 
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Figure 6.121: Temporal trend of severity of cribra orbitalia using population as 

unit. 

 

 

Males 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 7.961, p=0.02). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence do not differ significantly 

(Q=2.375, 0.10<p<0.05), while Lagoa Santa is statistically similar to farmers (Q=1.724, 

0.50<p<0.20) and foragers (Q=1.073, p>0.50; Table 6.185).  
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Population 

Male Female 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 629 1.15 0.37 - 723 1.17 0.39 Hg 

Hg 301 1.10 0.30 - 311 1.05 0.22 Ag 

Lagoa Santa 15 1.00 0.00 - 8 1.00 0.00 - 

 

Table 6.185: Severity of cribra orbitalia by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=72.500, p=0.31). Lagoa Santa severity value is 

1.00 for males. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.186, Table 6.187 and Figure 6.122). 

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cribra 
orbitalia 
(Males) 

Total 32 1.00 1.00 1.00 1.09 1.22 1.49 1.89 

Ag 24 1.00 1.00 1.00 1.12 1.29 1.71 1.90 

Hg 8 1.00 1.00 1.00 1.05 1.13 . . 

Cribra 
orbitalia 

 (Females) 

Total 30 1.00 1.00 1.00 1.13 1.27 1.43 1.79 

Ag 22 1.00 1.00 1.02 1.21 1.38 1.68 1.80 

Hg 8 1.00 1.00 1.00 1.01 1.14 . . 

 

Table 6.186: Percentile of severity of cribra orbitalia by sex using individual as unit. 

 

 



 

513 

 

Site
a
 Subsistence Years BP 

Males Females 

Ind.  Severity 
St. 

Dev. 
Ind.  Severity 

St. 
Dev. 

dol Ag 1050 11 1.91 0.30 15 1.80 0.41 

cop Ag 1125 8 1.88 0.35 9 1.78 0.44 

SGB Ag 700 19 1.53 0.61 26 1.38 0.57 

J73 Ag 1350 10 1.40 0.52 13 1.31 0.48 

co9 Ag 1125 31 1.32 0.48 37 1.38 0.49 

CUI Ag 1850 29 1.31 0.47 24 1.42 0.58 

TL2 Ag 3100 66 1.23 0.42 96 1.19 0.39 

CO1 Ag 790 31 1.19 0.40 43 1.23 0.48 

CHB Ag 700 26 1.19 0.40 46 1.24 0.48 

Y1B Ag 700 16 1.19 0.40 16 1.25 0.45 

teo Ag 1625 11 1.18 0.40 . . . 

QUI Ag 1200 60 1.13 0.34 69 1.12 0.32 

XCA Ag 990 9 1.11 0.33 7 1.43 0.53 

MON Ag 650 30 1.07 0.25 27 1.07 0.27 

ESB Ag 700 45 1.04 0.21 30 1.13 0.43 

KIT Ag 2564 30 1.03 0.18 42 1.02 0.15 

201 Ag 600 84 1.02 0.15 113 1.02 0.13 

lat Ag 2050 5 1.00 0.00 . . . 

cot Ag 2278 9 1.00 0.00 8 1.25 0.46 

SUN Ag 750 30 1.00 0.00 23 1.04 0.21 

AZ1 Ag 1175 28 1.00 0.00 39 1.00 0.00 

LNC Ag 1200 10 1.00 0.00 8 1.00 0.00 

PEA Ag 900 21 1.00 0.00 19 1.00 0.00 

lib Ag 1835 10 1.00 0.00 7 1.00 0.00 
a
See Table 6.3                    

Continued 

Table 6.187: Severity of cribra orbitalia by sex for Lagoa Santa and the populations 

of the comparative sample. 
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Table 6.187 continued 

Site
a
 Subsistence Years BP 

Males Females 

Ind.  Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

LNP Hg 3000 42 1.24 0.43 39 1.26 0.44 

W42 Hg 5250 38 1.13 0.34 50 1.02 0.14 

WO7 Hg 1075 83 1.11 0.31 72 1.01 0.12 

W13 Hg 1625 78 1.05 0.22 85 1.00 0.00 

MR1 Hg 6015 20 1.05 0.22 17 1.18 0.39 

rea Hg 4663 10 1.00 0.00 . . . 

101 Hg 1350 13 1.00 0.00 25 1.00 0.00 

111 Hg 1350 16 1.00 0.00 14 1.00 0.00 

osg Hg 7425 . . . 6 1.00 0.00 

APA Hg 8000 14 1.00 0.00 7 1.00 0.00 

SR Hg 9000 1 1.00 0.00 1 1.00 0.00 

LS Hg 8500 15 1.00 0.00 8 1.00 0.00 

 

 

 

 



 

515 

 

 

Figure 6.122: Severity of cribra orbitalia for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa severity in 

males. 

 

 

Among nine hunter-gatherer populations (Table 6.187), Lagoa Santa shows the 

lowest value, tied with Real Alto, Ecuador (rea) and Coastal South Carolina populations 

(101 and 111). 

Females 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 27.102, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 
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(Q=5.091, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=1.375, 

p>0.50) and foragers (Q=0.401, p>0.50; Table 6.185).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=42.000, p=0.03). Lagoa Santa severity value is 

1.00 for females. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 25
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.186, Table 6.187 and Figure 6.123).  

 

 

 

Figure 6.123: Severity of cribra orbitalia for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa severity in 

females. 
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Among nine hunter-gatherer populations (Table 6.187), Lagoa Santa shows the 

lowest value, being tied with Coastal Southern California (W13), Coastal South Carolina 

populations (101 and 111) and Santa Elena, Ecuador (osg). The comparison between 

Lagoa Santa and the oldest population in the database (osg) shows identical values using 

the Mann-Whitney test (Mw=24.000, p=1.00). 

Subadults 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 12.928, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 

(Q=3.498, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=1.031, 

p>0.50) and foragers (Q=0.681, p>0.50; Table 6.188).  

 

 

Population 

Subadults  Adults 

Ind Severity 
Std 

Dev. 
Sig Ind Severity 

Std 
Dev. 

Sig 

Ag 838 1.33 0.52 Hg 1254 1.16 0.37 Hg 

Hg 106 1.14 0.35 Ag 668 1.07 0.25 Ag 

Lagoa Santa 25 1.24 0.52 - 23 1.00 0.00 - 

 

Table 6.188: Severity of cribra orbitalia by age group using individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=40.000, p=0.18). Lagoa Santa severity value is 

1.24 for subadults. This value is between 25
th

 and 50
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa value is between 25
th

 and 

50
th

 of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.189, Table 

6.190 and Figure 6.124).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Cribra 
orbitalia 

(Subadults) 

Total 27 1.00 1.00 1.08 1.26 1.46 1.67 1.78 

Ag 21 1.00 1.01 1.12 1.27 1.50 1.69 1.82 

Hg 6 1.00 1.00 1.00 1.12 1.39 . . 

Cribra 
orbitalia 
 (Adults) 

Total 33 1.00 1.00 1.00 1.06 1.23 1.40 1.82 

Ag 24 1.00 1.00 1.00 1.13 1.32 1.62 1.83 

Hg 9 1.00 1.00 1.00 1.03 1.07 . . 

 

Table 6.189: Percentile of severity of cribra orbitalia by age group using individual 

as unit. 
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Site
a
 Subsistence Years BP 

Subadults Adults 

Ind.  Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

dol Ag 1050 6 1.83 0.41 23 1.83 0.39 

CHB Ag 700 90 1.70 0.64 67 1.21 0.45 

Y1B Ag 700 32 1.66 0.60 28 1.21 0.42 

SGB Ag 700 32 1.56 0.56 43 1.42 0.59 

CO1 Ag 790 46 1.54 0.55 75 1.19 0.39 

TL2 Ag 3100 50 1.46 0.58 156 1.21 0.41 

ESB Ag 700 75 1.45 0.58 62 1.03 0.18 

co9 Ag 1125 36 1.44 0.50 64 1.38 0.49 

J73 Ag 1350 36 1.44 0.61 20 1.35 0.49 

cop Ag 1125 5 1.40 0.55 17 1.82 0.39 

CUI Ag 1850 11 1.27 0.47 50 1.36 0.53 

MON Ag 650 47 1.26 0.44 53 1.08 0.27 

lib Ag 1835 8 1.25 0.46 17 1.00 0.00 

cot Ag 2278 10 1.20 0.42 11 1.00 0.00 

SUN Ag 750 64 1.14 0.35 52 1.02 0.14 

teo Ag 1625 16 1.13 0.34 15 1.13 0.35 

QUI Ag 1200 56 1.11 0.31 129 1.12 0.33 

201 Ag 600 89 1.08 0.27 173 1.01 0.08 

KIT Ag 2564 54 1.07 0.26 69 1.03 0.17 

AZ1 Ag 1175 39 1.00 0.00 49 1.00 0.00 

PEA Ag 900 31 1.00 0.00 38 1.00 0.00 

XCA Ag 990 . . . 17 1.24 0.44 

LNC Ag 1200 . . . 18 1.00 0.00 

lat Ag 2050 . . . 8 1.00 0.00 
a
See Table 6.3                       

Continued 

Table 6.190: Severity of cribra orbitalia by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.190 continued 

Site
a
 Subsistence Years BP 

Subadults Adults 

Ind.  Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

MR1 Hg 6015 7 1.57 0.53 36 1.08 0.28 

111 Hg 1350 18 1.33 0.49 29 1.00 0.00 

rea Hg 4663 11 1.18 0.40 13 1.00 0.00 

WO7 Hg 1075 19 1.05 0.23 158 1.06 0.23 

W13 Hg 1625 35 1.00 0.00 159 1.03 0.16 

101 Hg 1350 6 1.00 0.00 35 1.00 0.00 

LNP Hg 3000 . . . 84 1.26 0.44 

W42 Hg 5250 . . . 147 1.04 0.20 

osg Hg 7425 . . . 7 1.00 0.00 

APA Hg 8000 17 1.24 
 

22 1.00 0.00 

SR Hg 9000 8 1.25 
 

1 1.00 0.00 

LS Hg 8500 25 1.24 
 

23 1.00 0.00 
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Figure 6.124: Severity of cribra orbitalia for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa severity in 

subadults. 

 

 

Among seven hunter-gatherer populations (Table 6.190), Lagoa Santa value is in 

the 3
rd

 position, being below Coastal Chile (MR1) and Coastal South Carolina (111).  

Adults 

 

Using a Kruskal-Wallis test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 35.871, p<0.01). Using a multiple comparison test 

with unequal samples, farmer and hunter-gatherer subsistence differ significantly 
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(Q=5.711, p<0.01), while Lagoa Santa is statistically similar to farmers (Q=2.251, 

0.10<p<0.05) and foragers (Q=0.944, p>0.50; Table 6.188).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=69.500, p=0.11). Lagoa Santa severity value is 

1.00 for adults. This value is below 50
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 50
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.189, Table 6.190 and Figure 6.125).  

 

 

 

Figure 6.125: Severity of cribra orbitalia for agriculturalists and hunter-gatherers 

using individual as unit. The dotted line represents the Lagoa Santa severity in 

adults. 
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Among 10 hunter-gatherer populations (Table 6.190), Lagoa Santa shows the 

lowest value, tied with Coastal South Carolina populations (101 and 111) and Real Alto 

(rea) and Santa Elena (osg), Ecuador. The comparison between Lagoa Santa and the 

oldest population in the database (osg) shows identical values using the Mann-Whitney 

test (Mw=80.500, p=1.00). 

 

Porotic hyperostosis 
 

Using a chi-square test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 16.444, p<0.01). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistences differ significantly (χ
2
 = 4.332, p=0.04), 

while Lagoa Santa is statistically different from farmers (χ
2
 = 12.721, p<0.01) and 

foragers (χ
2
 = 9.959, p<0.01; Table 6.191). 

 

 

Population Ind. Affected % Sig 

Ag 2367 416 17.57 Hg, LS 
Hg 799 115 14.39 Ag, LS  

Lagoa Santa 60 0 0.00 Ag, Hg 

 

Table 6.191: Severity of porotic hyperostosis using individual as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=65.000, p=0.04). Lagoa Santa severity value is 

1.00. This value is slightly below 25
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 10
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.183, Table 6.192 and Figure 6.126).  

 

 

Sitea Subsistence Years BP Ind. Severity St. Dev. 

cop Ag 1125 38 1.71 0.57 
XCA Ag 990 24 1.58 0.65 
dol Ag 1050 16 1.44 0.51 
CHB Ag 700 153 1.40 0.54 
CUI Ag 1850 74 1.36 0.54 
Y1B Ag 700 61 1.36 0.52 
ESB Ag 700 87 1.36 0.53 
SGB Ag 700 76 1.36 0.53 
J73 Ag 1350 62 1.34 0.60 
co9 Ag 1125 169 1.25 0.46 

lib Ag 1835 31 1.23 0.43 
MON Ag 650 120 1.18 0.38 
SUN Ag 750 126 1.17 0.42 
QUI Ag 1200 176 1.15 0.36 
CO1 Ag 790 177 1.11 0.32 
TL2 Ag 3100 274 1.11 0.31 
KIT Ag 2564 126 1.10 0.29 

a
See Table 6.3              Continued 

Table 6.192: Severity of porotic hyperostosis for Lagoa Santa and the populations of 

the comparative sample. 
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Table 6.192 continued 

Sitea Subsistence Years BP Ind. Severity St. Dev. 

teo Ag 1625 34 1.09 0.38 
cot Ag 2278 12 1.08 0.29 
AZ1 Ag 1175 91 1.04 0.21 
PEA Ag 900 95 1.04 0.25 
201 Ag 600 308 1.03 0.18 
LNC Ag 1200 18 1.00 0.00 
lat Ag 2050 19 1.00 0.00 

W13 Hg 1625 211 1.29 0.45 
LNP Hg 3000 104 1.18 0.39 

W42 Hg 5250 84 1.17 0.37 
MR1 Hg 6015 46 1.15 0.36 
WO7 Hg 1075 89 1.09 0.29 
WIN Hg 7400 96 1.07 0.30 
101 Hg 1350 53 1.00 0.00 
111 Hg 1350 60 1.00 0.00 
rea Hg 4663 30 1.00 0.00 
osg Hg 7425 26 1.00 0.00 

APA Hg 8000 51 1.00 0.00 
SR Hg 9000 9 1.00 0.00 
LS Hg 8500 60 1.00 0.00 
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Figure 6.126: Severity of porotic hyperostosis for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity. 

 

 

Among 11 hunter-gatherer populations (Table 6.192), Lagoa Santa shows the 

lowest value, tied with Coastal South Carolina (101 and 111) and Real Alto (rea) and 

Santa Elena (osg), Ecuador. There is a significant trend of increasing porotic hyperostosis 

over time when Lagoa Santa is included in the sample (R
2
=0.137, p=0.03; Figure 6.127). 

However, this trend is not statistically significant when Lagoa Santa is excluded from the 

sample (R
2
=0.108, p=0.06). The comparisons between Lagoa Santa with the two oldest 

populations in the database show significant difference from “WIN” (Mw=2700.000, 

p=0.049) and statistically similar to “osg” (Mw=780.000, p=1.00) using the Mann-

Whitney test. 
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Figure 6.127: Temporal trend of severity of porotic hyperostosis using population as 

unit. 

 

 

Males 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 4.165, p=0.13). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 0.307, 

p=0.58), while Lagoa Santa is statistically different from farmers (χ
2
 = 3.968, p=0.046), 

and statistically similar to foragers (χ
2
 = 3.531, p=0.06; Table 6.193).  
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Population 
Male Female 

Ind Affected % Sig Ind  Affected % Sig 

Ag 670 103 15.37 LS 807 107 13.26 - 

Hg 300 42 14.00 - 307 48 15.64 - 

Lagoa Santa 22 0 0.00 Ag 10 0 0.00 - 

 

Table 6.193: Severity of porotic hyperostosis by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=69.000, p=0.11). Lagoa Santa severity value is 

1.00 for males. This value is below 25
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 25
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.194, Table 6.195 and Figure 6.128).  

 

 

 
Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Porotic 
Hyperostosis 

(Males) 

Total 33 1.00 1.00 1.05 1.09 1.22 1.49 1.72 

Ag 24 1.00 1.00 1.06 1.11 1.27 1.59 1.90 

Hg 9 1.00 1.00 1.00 1.04 1.19 . . 

Porotic 
Hyperostosis 

(Females) 

Total 31 1.00 1.00 1.01 1.16 1.26 1.33 1.51 

Ag 22 1.00 1.00 1.08 1.20 1.29 1.39 1.61 

Hg 9 1.00 1.00 1.00 1.11 1.21 . . 

 

Table 6.194: Percentile of severity of porotic hyperostosis by sex using individual as 

unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

cop Ag 1125 13 2.00 0.41 17 1.65 0.61 

dol Ag 1050 5 1.60 0.55 9 1.33 0.50 

XCA Ag 990 12 1.58 0.67 7 1.29 0.49 

CUI Ag 1850 33 1.36 0.49 29 1.41 0.57 

SGB Ag 700 18 1.33 0.49 26 1.31 0.55 

co9 Ag 1125 36 1.28 0.45 54 1.22 0.42 

J73 Ag 1350 9 1.22 0.44 14 1.29 0.47 

QUI Ag 1200 58 1.21 0.41 68 1.16 0.37 

CHB Ag 700 25 1.20 0.50 43 1.19 0.45 

cot Ag 2278 7 1.14 0.38 . . . 

TL2 Ag 3100 88 1.14 0.35 128 1.10 0.30 

SUN Ag 750 31 1.13 0.34 23 1.22 0.42 

MON Ag 650 33 1.09 0.29 32 1.03 0.18 

PEA Ag 900 23 1.09 0.29 23 1.09 0.42 

teo Ag 1625 13 1.08 0.28 . . . 

lib Ag 1835 14 1.07 0.27 9 1.22 0.44 

ESB Ag 700 29 1.07 0.26 20 1.20 0.41 

KIT Ag 2564 31 1.06 0.25 44 1.09 0.29 

Y1B Ag 700 16 1.06 0.25 17 1.24 0.44 

201 Ag 600 88 1.06 0.23 123 1.01 0.09 

CO1 Ag 790 43 1.05 0.21 57 1.09 0.29 

AZ1 Ag 1175 28 1.00 0.00 39 1.00 0.00 

LNC Ag 1200 10 1.00 0.00 8 1.00 0.00 

lat Ag 2050 7 1.00 0.00 9 1.00 0.00 
a
See Table 6.3       

  Continued 

Table 6.195: Severity of porotic hyperostosis by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.195 continued 

Site
a
 Subsistence Years BP 

Males Females 

Ind. Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

W13 Hg 1625 83 1.27 0.44 94 1.28 0.45 

LNP Hg 3000 49 1.22 0.42 44 1.16 0.37 

MR1 Hg 6015 19 1.16 0.37 19 1.16 0.37 

WO7 Hg 1075 38 1.08 0.27 37 1.11 0.31 

W42 Hg 5250 23 1.04 0.21 19 1.26 0.45 

101 Hg 1350 18 1.00 0.00 28 1.00 0.00 

111 Hg 1350 17 1.00 0.00 14 1.00 0.00 

rea Hg 4663 14 1.00 0.00 6 1.00 0.00 

osg Hg 7425 7 1.00 0.00 16 1.00 0.00 

APA Hg 8000 20 1.00 0.00 9 1.00 0.00 

SR Hg 9000 2 1.00 0.00 1 1.00 0.00 

LS Hg 8500 22 1.00 0.00 10 1.00 0.00 

 

 

 



 

531 

 

 

Figure 6.128: Severity of porotic hyperostosis for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in males. 

 

 

Among 10 hunter-gatherer populations (Table 6.195), Lagoa Santa shows the 

lowest value, tied with Coastal South Carolina populations (101 and 111) and Real Alto 

(rea) and Santa Elena (osg), Ecuador. The comparison between Lagoa Santa and the 

oldest population in the database (osg) shows identical values using the Mann-Whitney 

test (Mw=77.000, p=1.00). 
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Females 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 2.670, p=0.26). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 1.047, 

p=0.30), while Lagoa Santa is statistically similar to farmers (χ
2
 = 1.524, p=0.22) and 

foragers (χ
2
 = 1.837, p=0.18; Table 6.193). 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=66.000, p=0.15). Lagoa Santa severity value is 

1.00 for females. This value is below 25
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 25
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.194, Table 6.195 and Figure 6.129).  
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Figure 6.129: Severity of porotic hyperostosis for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in females. 

 

 

Among 10 hunter-gatherer populations (Table 6.195), Lagoa Santa shows the 

lowest value, tied with Coastal South Carolina populations (101 and 111) and Real Alto 

(rea) and Santa Elena (osg), Ecuador. The comparison between Lagoa Santa and the 

oldest population in the sample (osg) shows identical values using the Mann-Whitney test 

(Mw=80.000, p=1.00). 
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Subadults 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 12.322, p<0.01). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 6.688, p=0.01), 

while Lagoa Santa is statistically different from farmers (χ
2
 = 5.894, p=0.02), but 

statistically similar to foragers (χ
2
 = 2.659, p=0.10; Table 6.196).  

 

 

Population 
Subadults Adults 

Ind Affected % Sig Ind Affected % Sig 

Ag 935 214 22.89 Hg, LS 1398 199 14.23 LS 

Hg 108 13 12.04 Ag 576 96 16.67 LS 

Lagoa Santa 20 0 0.00 Ag 40 0 0.00 Ag, Hg 

 

Table 6.196: Severity of porotic hyperostosis by age group using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers values are 

significantly different using population as unit (Mw=33.000, p=0.02). Lagoa Santa 

severity value is 1.00 for subadults. This value is below 25
th

 of the total comparative 

sample. If the data are divided into subsistence strategies, the Lagoa Santa value is below 

10
th

 of farming populations, and below 50
th

 of foragers (Table 6.197, Table 6.198 and 

Figure 6.130). 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Porotic 
Hyperostosis 
(Subadults) 

Total 27 1.00 1.00 1.08 1.17 1.38 1.54 1.58 

Ag 19 1.00 1.03 1.10 1.23 1.42 1.56 . 

Hg 8 1.00 1.00 1.00 1.07 1.16 . . 

Porotic 
Hyperostosis 

 (Adults) 

Total 33 1.00 1.00 1.04 1.11 1.21 1.43 1.60 

Ag 24 1.00 1.00 1.06 1.13 1.25 1.49 1.73 

Hg 9 1.00 1.00 1.00 1.08 1.19 . . 

  

Table 6.197: Percentile of severity of porotic hyperostosis by age group using 

individual as unit. 

 

 

Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

ESB Ag 700 47 1.60 0.58 40 1.08 0.27 

Y1B Ag 700 32 1.56 0.56 29 1.14 0.35 

CHB Ag 700 90 1.54 0.54 63 1.19 0.47 

lib Ag 1835 7 1.43 0.53 24 1.17 0.38 

SGB Ag 700 33 1.42 0.56 43 1.30 0.51 

J73 Ag 1350 42 1.38 0.66 20 1.25 0.44 

cop Ag 1125 8 1.38 0.52 30 1.80 0.55 

MON Ag 650 59 1.31 0.46 61 1.05 0.22 

co9 Ag 1125 86 1.28 0.50 83 1.23 0.42 

CUI Ag 1850 13 1.23 0.60 61 1.39 0.53 

CO1 Ag 790 67 1.19 0.40 106 1.07 0.25 

SUN Ag 750 73 1.18 0.45 53 1.17 0.38 

teo Ag 1625 17 1.12 0.49 17 1.06 0.24 

KIT Ag 2564 54 1.11 0.32 72 1.08 0.28 
a
See Table 6.3       

  Continued 

Table 6.198: Severity of porotic hyperostosis by age group for Lagoa Santa and the 

populations of the comparative sample. 
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Table 6.198 continued 

Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Severity 
St. 

Dev. 
Ind. Severity 

St. 
Dev. 

TL2 Ag 3100 62 1.10 0.30 211 1.11 0.32 

AZ1 Ag 1175 42 1.10 0.30 49 1.00 0.00 

QUI Ag 1200 50 1.08 0.27 126 1.18 0.39 

201 Ag 600 92 1.03 0.18 187 1.02 0.15 

PEA Ag 900 51 1.00 0.00 44 1.09 0.36 

XCA Ag 990 . . . 21 1.52 0.60 

dol Ag 1050 . . . 13 1.46 0.52 

cot Ag 2278 . . . 10 1.10 0.32 

LNC Ag 1200 . . . 18 1.00 0.00 

lat Ag 2050 . . . 17 1.00 0.00 

W13 Hg 1625 36 1.25 0.44 175 1.30 0.46 

LNP Hg 3000 6 1.17 0.41 98 1.18 0.39 

WO7 Hg 1075 15 1.13 0.35 73 1.08 0.28 

MR1 Hg 6015 8 1.13 0.35 37 1.16 0.37 

W42 Hg 5250 9 1.00 0.00 75 1.19 0.39 

101 Hg 1350 5 1.00 0.00 44 1.00 0.00 

111 Hg 1350 17 1.00 0.00 30 1.00 0.00 

rea Hg 4663 9 1.00 0.00 21 1.00 0.00 

osg Hg 7425 . . . 23 1.00 0.00 

APA Hg 8000 13 1.00 0.00 38 1.00 0.00 

SR Hg 9000 7 1.00 0.00 2 1.00 0.00 

LS Hg 8500 20 1.00 0.00 40 1.00 0.00 
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Figure 6.130: Severity of porotic hyperostosis for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in subadults. 

 

 

Among nine hunter-gatherer populations (Table 6.198), Lagoa Santa shows the 

lowest value, tied with Coastal Southern California (W42), Coastal South Carolina 

populations (101 and 111) and Real Alto, Ecuador (rea).  

Adults 

 

Using a chi-square test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 8.934, p=0.01). Using a chi-square (N-1 adjusted) 



 

538 

 

test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 1.897, 

p=0.17), while Lagoa Santa is statistically different from farmers (χ
2
 = 6.603, p=0.01) 

and foragers (χ
2
 = 7.884, p=0.01; Table 6.196).  

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=78.500, p=0.23). Lagoa Santa severity value is 

1.00 for adults. This value is below 25
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa value is below 25
th

 of farming 

populations, and below 50
th

 of foragers (Table 6.197, Table 6.198 and Figure 6.131). 

 

 

 

Figure 6.131: Severity of porotic hyperostosis for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

severity in adults. 
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Among 10 hunter-gatherer populations (Table 6.198), Lagoa Santa shows the 

lowest value, tied with Coastal South Carolina populations (101 and 111) and Real Alto 

(rea) and Santa Elena (osg), Ecuador. The comparison between Lagoa Santa and the 

oldest population in the database (osg) shows identical values using the Mann-Whitney 

test (Mw=460.000, p=1.00). 

 

Summary 
 

Stature and femur length – comparative sample 

Hunter-gatherers show slightly higher stature and longer femur length than 

agriculturalists, even though the results are not significant. The only significant 

difference was found in females using individual as unit, showing hunter-gatherers with 

longer femur length.  

Stature 

Lagoa Santa value (1596 mm) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (1644 mm) is statistically similar to foragers, being below their 

50
th

 percentile.  

Females: Lagoa Santa value (1528 mm) is statistically similar to foragers, being below 

their 50
th

 percentile. 

Femur length 
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Lagoa Santa value (409 mm) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (426 mm) is statistically similar to foragers, being below their 

50
th

 percentile.  

Females: Lagoa Santa value (397 mm) is statistically similar to foragers, being below 

their 50
th

 percentile. 

Long bone proportions 

Lagoa Santa have relatively longer distal bones (radius, ulna, and tibia) than proximal 

bones (humerus and femur). No sex difference is found regarding body proportions. 

Linear enamel hypoplasias (LEH) 

Large inter-observer error is observed is this dental marker, precluding further analyses. 

Cribra orbitalia and porotic hyperostosis – comparative sample 

Agriculturalists show significantly more cribra orbitalia and porotic hyperosttosis than 

hunter-gatherers using individual as unit. In the case of porotic hyperostosis, there is a 

significant difference using population as unit, mostly due to clear distinction of 

subsistence strategies in subadults.  

Cribra orbitalia 

Lagoa Santa value (1.12) is statistically similar to foragers, being above their 50
th

 

percentile.  

Males: Lagoa Santa value (1.00) is statistically similar to foragers, being below their 50
th

 

percentile.  
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Females: Lagoa Santa value (1.00) is statistically similar to foragers, being below their 

50
th

 percentile. 

Males and females show identical values using individual as unit. 

Subadults: Lagoa Santa value (1.24) is statistically similar to foragers, being above their 

50
th

 percentile. 

Adults: Lagoa Santa value (1.00) is statistically similar to foragers, being below their 50
th

 

percentile. 

Porotic hyperostosis 

Lagoa Santa value (0%) is statistically different from foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa value (0%) is statistically similar to foragers, being below their 50
th

 

percentile.  

Females: Lagoa Santa value (0%) is statistically similar to foragers, being below their 

50
th

 percentile. 

Males and females show identical values using individual as unit. 

Subadults: Lagoa Santa value (0%) is statistically similar to foragers, being below their 

50
th

 percentile. 

Adults: Lagoa Santa value (0%) is statistically different from foragers, being below their 

50
th

 percentile. 
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Interpersonal violence and warfare 
 

Nasal bone 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are not significantly different using individual as unit (χ
2
 = 1.098, 0.75< p<0.50; 

Table 6.199). 

 

 

Population Ind. Affected % Sig 

Ag 1255 15 1.20 - 
Hg 591 8 1.35 - 

Lagoa Santa 30 1 3.33 - 

 

Table 6.199: Prevalence of traumas in the nasal bone using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=65.000, p=0.66). Lagoa Santa prevalence is 

3.33%. This value is between 90
th

 and 95
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is between 75
th

 and 90
th

 of 

farming populations, and above 75
th

 of foragers (Table 6.200, Table 6.201 and Figure 

6.132).  
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Nasal 
bone  

 

Total 25 0.00 0.00 0.00 0.00 0.88 2.98 5.36 

Ag 16 0.00 0.00 0.00 0.00 0.89 3.82 . 

Hg 9 0.00 0.00 0.00 0.00 1.44 . . 

Face 

Total 27 0.00 0.00 0.00 0.00 1.91 9.57 11.50 

Ag 18 0.00 0.00 0.00 0.70 2.13 10.25 . 

Hg 9 0.00 0.00 0.00 0.00 0.00 . . 

 

Table 6.200: Percentile of prevalence of traumas in the nasal bone and face using 

individual as unit. 
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Sitea Subsistence Years BP Ind. Affected % 

QUI Ag 1200 112 7 6.25 
CUI Ag 1850 36 1 2.78 
TL2 Ag 3100 119 3 2.52 
SUN Ag 750 111 1 0.90 
MON Ag 650 118 1 0.85 
ESB Ag 700 193 1 0.52 
201 Ag 600 276 1 0.36 
CO1 Ag 790 66 0 0.00 
XCA Ag 990 12 0 0.00 
J73 Ag 1350 17 0 0.00 
LNC Ag 1200 7 0 0.00 

PEA Ag 900 66 0 0.00 
KIT Ag 2564 83 0 0.00 
dol Ag 1050 28 0 0.00 
co9 Ag 1125 5 0 0.00 

WO7 Hg 1075 61 2 3.28 
W42 Hg 5250 123 3 2.44 
W13 Hg 1625 233 1 0.43 
101 Hg 1350 36 0 0.00 
111 Hg 1350 58 0 0.00 
LNP Hg 3000 10 0 0.00 
osg Hg 7425 5 0 0.00 

W38 Hg 3852 10 0 0.00 

WIN Hg 7400 53 0 0.00 

APA Hg 8000 26 1 3.85 
SR Hg 9000 4 0 0.00 
LS Hg 8500 30 1 3.33 

a
See Table 6.3 

Table 6.201: Prevalence of traumas in the nasal bone for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.132: Prevalence of traumas in the nasal bone for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence. 

 

 

Among 10 hunter-gatherer populations (Table 6.201), Lagoa Santa shows the 

highest value. There is no significant temporal trend of traumas in the nasal bone 

including (R
2
=0.003, p=0.80; Figure 6.133) and excluding Lagoa Santa of the sample 

(R
2
=0.017, p=0.53). The comparisons between Lagoa Santa with the two oldest 

populations in the database show no statistical difference from “osg” (p=1.00) and from 

“WIN” (p=0.36) using Fisher Exact test. 
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Figure 6.133: Temporal trend of prevalence of traumas in the nasal bone using 

population as unit. 

 

 

Males 

 

Using a Fisher Exact test in males, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (p=1.00). Using a chi-square (N-1 

adjusted) test, farmer and hunter-gatherer subsistence do not differ significantly (χ
2
 = 

0.019, p=0.89). Using Fisher Exact test, Lagoa Santa is statistically similar to farmers 

(p=1.00) and foragers (p=1.00) (Table 6.202).  
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Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 406 7 1.72 - 439 8 1.82 - 

Hg 191 3 1.57 - 209 4 1.91 - 

Lagoa Santa 11 0 0.00 - 7 1 14.29 - 

 

Table 6.202: Prevalence of traumas in the nasal bone by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=37.500, p=0.66). Lagoa Santa prevalence is 

0.00% for males. This value is below 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is below 75
th

 of farming 

populations, and below 75
th

 of foragers (Table 6.203, Table 6.204 and Figure 6.134).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Nasal bone 
(Males) 

 

Total 19 0.00 0.00 0.00 0.00 3.33 5.00 . 

Ag 12 0.00 0.00 0.00 0.00 3.28 5.97 . 

Hg 7 0.00 0.00 0.00 0.00 3.70 . . 

Nasal bone 
(Females) 

Total 19 0.00 0.00 0.00 0.00 0.90 7.41 . 

Ag 12 0.00 0.00 0.00 0.00 0.68 6.74 . 

Hg 7 0.00 0.00 0.00 0.00 3.70 . . 

 

Table 6.203: Percentile of prevalence of traumas in the nasal bone by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 47 3 6.38 54 4 7.41 

CUI Ag 1850 20 1 5.00 14 0 0.00 

SUN Ag 750 30 1 3.33 23 0 0.00 

MON Ag 650 32 1 3.13 30 0 0.00 

ESB Ag 700 59 1 1.69 35 0 0.00 

XCA Ag 990 6 0 0.00 . . . 

TL2 Ag 3100 41 0 0.00 58 3 5.17 

201 Ag 600 81 0 0.00 111 1 0.90 

CO1 Ag 790 23 0 0.00 31 0 0.00 

PEA Ag 900 18 0 0.00 17 0 0.00 

KIT Ag 2564 27 0 0.00 30 0 0.00 

dol Ag 1050 10 0 0.00 16 0 0.00 

J73 Ag 1350 . . . 9 0 0.00 

W42 Hg 5250 26 1 3.85 27 2 7.41 

WO7 Hg 1075 27 1 3.70 27 1 3.70 

101 Hg 1350 9 0 0.00 22 0 0.00 

111 Hg 1350 16 0 0.00 14 0 0.00 

LNP Hg 3000 5 0 0.00 5 0 0.00 

W13 Hg 1625 85 0 0.00 96 0 0.00 

WIN Hg 7400 22 0 0.00 14 0 0.00 

APA Hg 8000 10 0 0.00 7 1 14.29 

SR Hg 9000 1 0 0.00 0 0 . 

LS Hg 8500 11 0 0.00 7 1 14.29 
a
See Table 6.3 

Table 6.204: Prevalence of traumas in the nasal bone by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.134: Prevalence of traumas in the nasal bone for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in males. 

 

 

Among eight hunter-gatherer populations (Table 6.204), Lagoa Santa shows the 

lowest value, tied with five other populations. Lagoa Santa and the oldest populations in 

the database (WIN) show identical prevalence (no statistical test). 

Females 

 

Using a test of comparison of three proportions in females, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 5.510, 0.10< 

p<0.05; Table 6.202). 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=40.000, p=0.83). Lagoa Santa prevalence is 

14.29% for females. This value is above 90
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is above 90
th

 of 

farming populations, and above 75
th

 of foragers (Table 6.203, Table 6.204 and Figure 

6.135). 

 

 

  

Figure 6.135: Prevalence of traumas in the nasal bone for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in females. 
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Among eight hunter-gatherer populations (Table 6.204), Lagoa Santa shows the 

highest value. The comparison between Lagoa Santa with the oldest populations in the 

database (WIN) shows no statistical difference using Fisher Exact test (p=0.33). 

Males versus females 

 

The comparison between males and females of Lagoa Santa does not show 

statistical difference using Fisher Exact test (p=0.39). 

 

Subadults 

 

Using a Fisher Exact test in subadults, farmers, foragers and Lagoa Santa are not 

significantly different using individual as unit (p=1.00). Using a Fisher Exact test, farmer 

and hunter-gatherer subsistence do not differ significantly (p=1.00), while Lagoa Santa is 

statistically similar to farmers (p=1.00) and foragers (identical values; Table 6.205).  

 

 

Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 442 1 0.23 - 789 14 1.77 - 

Hg 73 0 0.00 - 451 8 1.77 - 

Lagoa Santa 10 0 0.00 - 20 1 5.00 - 

 

Table 6.205: Prevalence of traumas in the nasal bone by age group using individual 

as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=27.500, p=0.52). Lagoa Santa prevalence is 

0.00% for subadults. This value is below 90
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is below 90
th

 of 

farming populations, and similar to all foraging populations (Table 6.206, Table 6.207 

and Figure 6.136). Among 6 hunter-gatherer populations (Table 6.207), Lagoa Santa 

shows similar values to all foraging populations. 

 

 

  Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Nasal bone  
(Subadults) 

 

Total 17 0.00 0.00 0.00 0.00 0.00 0.83 . 

Ag 12 0.00 0.00 0.00 0.00 0.00 2.92 . 

Hg 5 . . . . . . . 

Nasal bone  
(Adults) 

Total 21 0.00 0.00 0.00 0.00 2.02 3.56 6.54 

Ag 14 0.00 0.00 0.00 0.30 1.97 5.05 . 

Hg 7 0.00 0.00 0.00 0.00 2.63 . . 

 

Table 6.206: Percentile of prevalence of traumas in the nasal bone by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Affected % Ind. Affected % 

QUI Ag 1200 10 0 0.00 102 7 6.86 

CUI Ag 1850 5 0 0.00 31 1 3.23 

TL2 Ag 3100 24 1 4.17 95 2 2.11 

SUN Ag 750 59 0 0.00 52 1 1.92 

MON Ag 650 60 0 0.00 58 1 1.72 

ESB Ag 700 110 0 0.00 83 1 1.20 

201 Ag 600 84 0 0.00 168 1 0.60 

XCA Ag 990 . . . 10 0 0.00 

LNC Ag 1200 . . . 7 0 0.00 

CO1 Ag 790 13 0 0.00 53 0 0.00 

J73 Ag 1350 6 0 0.00 11 0 0.00 

PEA Ag 900 33 0 0.00 33 0 0.00 

KIT Ag 2564 28 0 0.00 55 0 0.00 

dol Ag 1050 5 0 0.00 23 0 0.00 

WO7 Hg 1075 5 0 0.00 55 2 3.64 

W42 Hg 5250 9 0 0.00 114 3 2.63 

W13 Hg 1625 34 0 0.00 199 1 0.50 

LNP Hg 3000 . . . 10 0 0.00 

W38 Hg 3852 . . . 10 0 0.00 

101 Hg 1350 6 0 0.00 29 0 0.00 

111 Hg 1350 17 0 0.00 29 0 0.00 

APA Hg 8000 7 0 0.00 19 1 5.26 

SR Hg 9000 3 0 0.00 1 0 0.00 

LS Hg 8500 10 0 0.00 20 1 5.00 
a
See Table 6.3 

Table 6.207: Prevalence of traumas in the nasal bone by age group for Lagoa Santa 

and the populations of the comparative sample. 
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Figure 6.136: Prevalence of traumas in the nasal bone for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in subadults. 

 

 

Adults 

 

Using a test of comparison of three proportions in adults, farmers, foragers and 

Lagoa Santa are not significantly different using individual as unit (χ
2
 = 1.143, 0.75< 

p<0.50; Table 6.205). 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=46.000, p=0.81). Lagoa Santa prevalence is 

5.00% for adults. This value is between 90
th

 and 95
th

 of the total comparative sample. If 
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the data are divided into subsistence strategies, the Lagoa Santa value is between 75
th

 and 

90
th

 of farming populations, and above 75
th

 of foragers (Table 6.206, Table 6.207 and 

Figure 6.137). Among eight hunter-gatherer populations (Table 6.207), Lagoa Santa 

shows the highest value. 

 

 

 

Figure 6.137: Prevalence of traumas in the nasal bone for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in adults. 
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Face 
 

Using a chi-square test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (χ
2
 = 5.162, p=0.08). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 4.663, p=0.03). 

Using Fisher Exact test, Lagoa Santa is statistically similar to farmers (p=1.00) and 

foragers (p=1.00; Table 6.208). 

 

 

Population Ind. Affected % Sig 

Ag 1556 24 1.54 Hg 
Hg 431 1 0.23 Ag 

Lagoa Santa 33 0 0.00 - 

 

Table 6.208: Prevalence of traumas in the face using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=46.000, p=0.04). Lagoa Santa prevalence is 

0.00%. This value is below 75
th

 of the total comparative sample. If the data are divided 

into subsistence strategies, the Lagoa Santa prevalence is below 50
th

 of farming 

populations, and below 90
th

 of foragers (Table 6.200, Table 6.209 and Figure 6.138). 
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Sitea Subsistence Years BP Ind. Affected % 

co9 Ag 1125 8 1 12.50 
LNC Ag 1200 10 1 10.00 
CO1 Ag 790 74 7 9.46 
QUI Ag 1200 145 4 2.76 
CUI Ag 1850 52 1 1.92 
TL2 Ag 3100 157 3 1.91 

MON Ag 650 120 2 1.67 
CHB Ag 700 72 1 1.39 
ESB Ag 700 193 2 1.04 
201 Ag 600 276 1 0.36 
SGB Ag 700 62 0 0.00 

Y1B Ag 700 50 0 0.00 
XCA Ag 990 13 0 0.00 
J73 Ag 1350 23 0 0.00 
SUN Ag 750 112 0 0.00 
PEA Ag 900 59 0 0.00 
KIT Ag 2564 87 0 0.00 
dol Ag 1050 33 0 0.00 

WIN Hg 7400 45 1 2.22 
101 Hg 1350 40 0 0.00 
111 Hg 1350 56 0 0.00 
LNP Hg 3000 18 0 0.00 
rea Hg 4663 5 0 0.00 

osg Hg 7425 5 0 0.00 
WO7 Hg 1075 20 0 0.00 
W13 Hg 1625 169 0 0.00 
W42 Hg 5250 73 0 0.00 

APA Hg 8000 29 0 0.00 
SR Hg 9000 4 0 0.00 
LS Hg 8500 33 0 0.00 

a
See Table 6.3 

Table 6.209: Prevalence of traumas in the face for Lagoa Santa and the populations 

of the comparative sample. 
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Figure 6.138: Prevalence of traumas in the face for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence. 

 

 

Among nine hunter-gatherer populations (Table 6.209), Lagoa Santa is the lowest 

value, tied with eight other populations. There is no significant temporal trend of traumas 

in the face including (R
2
=0.030, p=0.38; Figure 6.139) and excluding Lagoa Santa from 

the sample (R
2
=0.021, p=0.47). The comparisons between Lagoa Santa with the two 

oldest populations in the database show no statistical difference from “osg” (identical 

values) and from “WIN” (p=1.00) using Fisher Exact test. 
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Figure 6.139: Temporal trend of prevalence of traumas in the face using population 

as unit. 

 

 

Males 

 

Using Fisher Exact test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (p=0.75). Using a chi-square (N-1 adjusted) test, farmer 

and hunter-gatherer subsistence do not differ significantly (χ
2
 = 0.892, p=0.34). Using 

Fisher Exact test, Lagoa Santa is statistically similar to farmers (p=1.00) and foragers 

(p=1.00; Table 6.210). 
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Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 488 8 1.64 - 529 14 2.65 Hg 

Hg 159 1 0.63 - 158 0 0.00 Ag 

Lagoa Santa 13 0 0.00 - 6 0 0.00 - 

 

Table 6.210: Prevalence of traumas in the face by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=48.000, p=0.67). Lagoa Santa prevalence is 

0.00% for males. This prevalence is below 75
th

 of the total comparative sample. If the 

data are divided into subsistence strategies, the Lagoa Santa prevalence is below 75
th

 of 

farming populations, and below 90
th

 of foragers (Table 6.211, Table 6.212 and Figure 

6.140).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Face  
(Males) 

 

Total 22 0.00 0.00 0.00 0.00 0.76 3.93 5.33 

Ag 15 0.00 0.00 0.00 0.00 3.03 3.86 . 

Hg 7 0.00 0.00 0.00 0.00 0.00 . . 

Face  
(Females) 

Total 23 0.00 0.00 0.00 0.00 3.23 4.28 11.19 

Ag 16 0.00 0.00 0.00 0.00 3.93 6.92 . 

Hg 7 . . . . . . . 

 

Table 6.211: Percentile of prevalence of traumas in the face by sex using individual 

as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Affected % Ind. Affected % 

CO1 Ag 790 25 1 4.00 31 4 12.90 

QUI Ag 1200 53 2 3.77 59 2 3.39 

ESB Ag 700 59 2 3.39 35 0 0.00 

MON Ag 650 33 1 3.03 31 1 3.23 

CHB Ag 700 13 0 0.00 23 1 4.35 

CUI Ag 1850 22 0 0.00 24 1 4.17 

TL2 Ag 3100 55 0 0.00 73 3 4.11 

201 Ag 600 81 0 0.00 111 1 0.90 

SGB Ag 700 17 0 0.00 23 0 0.00 

Y1B Ag 700 16 0 0.00 14 0 0.00 

SUN Ag 750 31 0 0.00 23 0 0.00 

PEA Ag 900 18 0 0.00 10 0 0.00 

KIT Ag 2564 28 0 0.00 30 0 0.00 

dol Ag 1050 13 0 0.00 18 0 0.00 

XCA Ag 990 7 0 0.00 . . . 

J73 Ag 1350 . . . 9 0 0.00 

LNC Ag 1200 . . . 6 0 0.00 

WIN Hg 7400 18 1 5.56 11 0 0.00 

101 Hg 1350 10 0 0.00 23 0 0.00 

111 Hg 1350 16 0 0.00 12 0 0.00 

LNP Hg 3000 8 0 0.00 10 0 0.00 

WO7 Hg 1075 14 0 0.00 5 0 0.00 

W13 Hg 1625 70 0 0.00 77 0 0.00 

W42 Hg 5250 20 0 0.00 17 0 0.00 

APA Hg 8000 12 0 0.00 5 0 0.00 

SR Hg 9000 1 0 0.00 1 0 0.00 

LS Hg 8500 13 0 0.00 6 0 0.00 
a
See Table 6.3 

Table 6.212: Prevalence of traumas in the face by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.140: Prevalence of traumas in the face for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in males. 

 

 

Among eight hunter-gatherer populations (Table 6.212), Lagoa Santa shows the 

lowest value, tied with six other populations. The comparison between Lagoa Santa with 

the oldest populations in the database (WIN) shows no statistical difference using Fisher 

Exact test (p=1.00). 

Females 

 

Using Fisher Exact test, farmers, foragers and Lagoa Santa are not significantly 

different using population as unit (p=0.10). Using a chi-square (N-1 adjusted) test, farmer 
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and hunter-gatherer subsistence differ significantly (χ
2
 = 4.262, p=0.04). Using Fisher 

Exact test, Lagoa Santa is statistically similar to farmers (p=1.00) and foragers (identical 

values; Table 6.210). 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=59.500, p=0.045). Lagoa Santa prevalence is 

0.00% for females. This value is below 75
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is below 75
th

 of 

farming populations, and similar to all foraging populations (Table 6.211, Table 6.212 

and Figure 6.141).  
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Figure 6.141: Prevalence of traumas in the face for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in females. 

 

 

Among eight hunter-gatherer populations (Table 6.212), Lagoa Santa shows 

similar value to all populations. Lagoa Santa and the oldest populations in the database 

(WIN) show identical prevalence (no statistical test). 

Males versus females 

 

Males and females of Lagoa Santa show identical prevalence (no statistical test). 
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Subadults 

 

Using Fisher Exact test, farmers, foragers and Lagoa Santa are not significantly 

different using individual as unit (p=1.00). Using a Fisher Exact test, farmer and hunter-

gatherer subsistence do not differ significantly (p=1.00), while Lagoa Santa is statistically 

similar to farmers (p=1.00) and foragers (identical values; Table 6.213).  

 

 

Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 584 2 0.34 - 948 22 2.32 Hg 

Hg 62 0 0.00 - 309 0 0.00 Ag 

Lagoa Santa 13 0 0.00 - 20 0 0.00 - 

 

Table 6.213: Prevalence of traumas in the face by age group using individual as 

unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are not significantly 

different using population as unit (Mw=28.000, p=0.61). Lagoa Santa prevalence is 

0.00% for subadults. This value is below 95
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is below 90
th

 of 

farming populations, and similar to all foraging populations (Table 6.214, Table 6.215 

and Figure 6.142). Among four hunter-gatherer populations (Table 6.215), Lagoa Santa 

shows similar values to all foraging populations. 
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 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Face 
(Subadults) 

 

Total 19 0.00 0.00 0.00 0.00 0.00 0.00 . 

Ag 15 0.00 0.00 0.00 0.00 0.00 4.21 . 

Hg 4 . . . . . . . 

Face 
(Adults) 

Total 24 0.00 0.00 0.00 0.00 2.77 9.55 15.00 

Ag 18 0.00 0.00 0.00 1.49 3.39 10.67 . 

Hg 6 . . . . . . . 

 

Table 6.214: Percentile of prevalence of traumas in the face by age group using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Affected % Ind. Affected % 

co9 Ag 1125 . . . 6 1 16.67 

CO1 Ag 790 19 2 10.53 55 5 9.09 

QUI Ag 1200 33 0 0.00 112 4 3.57 

MON Ag 650 60 0 0.00 60 2 3.33 

CHB Ag 700 37 0 0.00 35 1 2.86 

TL2 Ag 3100 36 0 0.00 121 3 2.48 

ESB Ag 700 110 0 0.00 83 2 2.41 

CUI Ag 1850 10 0 0.00 42 1 2.38 

201 Ag 600 84 0 0.00 168 1 0.60 

XCA Ag 990 . . . 11 0 0.00 

SGB Ag 700 23 0 0.00 39 0 0.00 

Y1B Ag 700 24 0 0.00 26 0 0.00 

J73 Ag 1350 13 0 0.00 10 0 0.00 

SUN Ag 750 59 0 0.00 53 0 0.00 

PEA Ag 900 33 0 0.00 26 0 0.00 

KIT Ag 2564 31 0 0.00 56 0 0.00 

dol Ag 1050 6 0 0.00 27 0 0.00 

LNP Hg 3000 . . . 18 0 0.00 

WO7 Hg 1075 . . . 19 0 0.00 

101 Hg 1350 6 0 0.00 31 0 0.00 

111 Hg 1350 17 0 0.00 27 0 0.00 

W13 Hg 1625 29 0 0.00 140 0 0.00 

W42 Hg 5250 5 0 0.00 68 0 0.00 

APA Hg 8000 11 0 0.00 18 0 0.00 

SR Hg 9000 2 0 0.00 2 0 0.00 

LS Hg 8500 13 0 0.00 20 0 0.00 
a
See Table 6.3 

Table 6.215: Prevalence of traumas in the face by age group for Lagoa Santa and 

the populations of the comparative sample. 
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Figure 6.142: Prevalence of traumas in the face for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in subadults. 

 

 

Adults  

 

Using a chi-square test, farmers, foragers and Lagoa Santa are significantly 

different using individual as unit (χ
2
 = 7.769, p=0.02). Using a chi-square (N-1 adjusted) 

test, farmer and hunter-gatherer subsistence differ significantly (χ
2
 = 7.293, p=0.01). 

Using Fisher Exact test, Lagoa Santa is statistically similar to farmers (p=1.00) and 

foragers (identical values; Table 6.213). 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=24.000, p=0.03). Lagoa Santa prevalence is 
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0.00% for adults. This value is below 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is below 50
th

 of farming 

populations, and similar to all foraging populations (Table 6.214, Table 6.215 and Figure 

6.143). Among seven hunter-gatherer populations (Table 6.215), Lagoa Santa shows 

similar value to all populations.  

 

 

 

Figure 6.143: Prevalence of traumas in the face for agriculturalists and hunter-

gatherers using individual as unit. The dotted line represents the Lagoa Santa 

prevalence in adults. 
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Skull vault 
 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different  using individual as unit (χ
2
 = 81.652, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=11.993, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=3.295, 0.10<p<0.05) and foragers (q=0.381, p>0.50; Table 6.216). 

 

 

Population Ind. Affected % Sig 

Ag 2013 61 3.03 Hg 
Hg 966 108 11.18 Ag 

Lagoa Santa 63 6 9.52 - 

 

Table 6.216: Prevalence of traumas in the skull vault using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=58.000, p=0.02). Lagoa Santa prevalence is 

9.52%. This value is between 50
th

 and 75
th

 of the total comparative sample. If the data are 

divided into subsistence strategies, the Lagoa Santa prevalence is between 75
th

 and 90
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.217, Table 6.218 and 

Figure 6.144). 
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 Subsistence N 5
th

 10th 25th 50th 75th 90th 95th 

Vault  
 

Total 32 0.00 0.00 1.28 3.81 9.78 15.21 17.85 

Ag 21 0.00 0.00 1.12 2.52 5.50 9.98 11.08 

Hg 11 0.00 0.34 2.24 11.90 16.20 18.11 . 

 

Table 6.217: Percentile of prevalence of traumas in the skull vault using individual 

as unit. 
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Sitea Subsistence Years BP Ind. Affected % 

lib Ag 1835 9 1 11.11 
co9 Ag 1125 74 8 10.81 
teo Ag 1625 30 2 6.67 
CO1 Ag 790 164 10 6.10 
KIT Ag 2564 122 7 5.74 
J73 Ag 1350 57 3 5.26 
XCA Ag 990 21 1 4.76 

MON Ag 650 122 5 4.10 
cop Ag 1125 25 1 4.00 
dol Ag 1050 34 1 2.94 

SUN Ag 750 119 3 2.52 

QUI Ag 1200 163 3 1.84 
201 Ag 600 307 5 1.63 
ESB Ag 700 155 2 1.29 
CUI Ag 1850 78 1 1.28 
PEA Ag 900 88 1 1.14 
TL2 Ag 3100 272 3 1.10 
CHB Ag 700 66 0 0.00 
SGB Ag 700 39 0 0.00 
Y1B Ag 700 44 0 0.00 
LNC Ag 1200 17 0 0.00 

W13 Hg 1625 214 39 18.22 
rea Hg 4663 17 3 17.65 

W38 Hg 3852 179 29 16.20 
W43 Hg 1359 31 4 12.90 
W42 Hg 5250 112 14 12.50 
LNP Hg 3000 84 10 11.90 
101 Hg 1350 46 2 4.35 
WIN Hg 7400 83 3 3.61 
WO7 Hg 1075 134 3 2.24 
111 Hg 1350 58 1 1.72 
osg Hg 7425 8 0 0.00 

APA Hg 8000 54 5 9.26 
SR Hg 9000 9 1 11.11 

LS Hg 8500 63 6 9.52 
a
See Table 6.3 

Table 6.218: Prevalence of traumas in the skull vault for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.144: Prevalence of traumas in the skull vault for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence. 

 

 

Among 12 hunter-gatherer populations (Table 6.218), Lagoa Santa is in the 7
th

 

position. There is no significant temporal trend of traumas in the vault including 

(R
2
=0.084, p=0.10; Figure 6.145) and excluding Lagoa Santa from the sample (R

2
=0.069, 

p=0.15). The comparisons between Lagoa Santa with the two oldest populations in the 

database show no statistical differences from “osg” using Fisher Exact test (p=1.00) and 

from “WIN” using the chi-square (N-1 adjusted) test (χ
2
 = 2.147, p=0.14). 

 



 

574 

 

 

Figure 6.145: Temporal trend of prevalence of traumas in the skull vault using 

population as unit. 

 

 

Males 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 34.602, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=7.743, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.907, 0.50<p<0.20) and foragers (q=0.681, p>0.50; Table 6.219).  
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Population 
Male Female 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 631 22 3.49 Hg 708 32 4.52 - 

Hg 276 39 14.13 Ag 300 24 8.00 - 

Lagoa Santa 22 2 9.09 - 11 2 18.18 - 

 

Table 6.219: Prevalence of traumas in the skull vault by sex using individual as unit. 

 

 

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=34.500, p=0.01). Lagoa Santa prevalence is 

9.09% for males. This value is between 50
th

 and 75
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is between 

75
th

 and 90
th

 of farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.220, 

Table 6.221 and Figure 6.146).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Vault  
(Males) 

 

Total 29 0.00 0.00 0.00 4.35 10.13 14.29 22.36 

Ag 21 0.00 0.00 0.00 2.33 6.49 12.00 14.11 

Hg 8 0.00 0.00 4.51 10.69 16.67 . . 

Vault  
(Females) 

Total 28 0.00 0.00 0.00 1.17 9.58 14.29 15.35 

Ag 20 0.00 0.00 0.00 1.17 9.42 14.29 14.29 

Hg 8 0.00 0.00 0.00 3.34 11.46 . . 

 

Table 6.220: Percentile of prevalence of traumas in the skull vault by sex using 

individual as unit. 
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Site
a
 Subsistence Years BP 

Males Females 

Ind. Affected % Ind. Affected % 

lib Ag 1835 7 1 14.29 . . . 

teo Ag 1625 16 2 12.50 5 0 0.00 

co9 Ag 1125 30 3 10.00 36 4 11.11 

dol Ag 1050 13 1 7.69 18 0 0.00 

CO1 Ag 790 46 3 6.52 50 5 10.00 

SUN Ag 750 31 2 6.45 23 0 0.00 

MON Ag 650 34 2 5.88 32 2 6.25 

QUI Ag 1200 57 3 5.26 64 0 0.00 

PEA Ag 900 23 1 4.35 23 0 0.00 

CUI Ag 1850 37 1 2.70 30 0 0.00 

201 Ag 600 86 2 2.33 128 3 2.34 

XCA Ag 990 10 0 0.00 7 1 14.29 

J73 Ag 1350 9 0 0.00 14 2 14.29 

KIT Ag 2564 31 0 0.00 42 6 14.29 

cop Ag 1125 9 0 0.00 13 1 7.69 

ESB Ag 700 54 0 0.00 33 2 6.06 

TL2 Ag 3100 88 0 0.00 126 3 2.38 

CHB Ag 700 11 0 0.00 20 0 0.00 

SGB Ag 700 13 0 0.00 19 0 0.00 

Y1B Ag 700 15 0 0.00 11 0 0.00 

LNC Ag 1200 9 0 0.00 8 0 0.00 

W13 Hg 1625 84 22 26.19 96 12 12.50 

W42 Hg 5250 27 5 18.52 30 2 6.67 

rea Hg 4663 9 1 11.11 . . . 

WIN Hg 7400 27 3 11.11 28 0 0.00 

LNP Hg 3000 39 4 10.26 37 6 16.22 

101 Hg 1350 13 1 7.69 25 0 0.00 

WO7 Hg 1075 58 2 3.45 61 0 0.00 

111 Hg 1350 18 0 0.00 12 1 8.33 

osg Hg 7425 . . . 6 0 0.00 

APA Hg 8000 20 2 10.00 10 2 20.00 

SR Hg 9000 2 0 0.00 1 0 0.00 

LS Hg 8500 22 2 9.09 11 2 18.18 
a
See Table 6.3 

Table 6.221: Prevalence of traumas in the skull vault by sex for Lagoa Santa and the 

populations of the comparative sample. 
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Figure 6.146: Prevalence of traumas in the skull vault for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in males. 

 

 

Among nine hunter-gatherer populations (Table 6.221), Lagoa Santa value is in 

the 6
th

 position. The comparison between Lagoa Santa with the oldest populations in the 

database (WIN) shows no statistical difference using chi-square (N-1 adjusted) test (χ
2
 = 

0.053, p=0.82). 

Females 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individuals as unit (χ
2 

= 7.986, 0.025<p<0.01). 
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Using a Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence do 

not differ significantly (q=3.021, 0.10<p<0.05), while Lagoa Santa is statistically similar 

to farmers (q=2.439, 0.20<p<0.10) and foragers (q=1.720, 0.50<p<0.20; Table 6.219). 

Mann-Whitney test, hunter-gatherers and farmers are not significantly different 

using population as unit (Mw=74.000, p=0.74). Lagoa Santa prevalence is 18.18% for 

females. This value is above 95
th

 of the total comparative sample. If the data are divided 

into subsistence strategies, the Lagoa Santa prevalence is above 95
th

 of farming 

populations, and above 75
th

 of foragers (Table 6.220, Table 6.221 and Figure 6.147).  

 

 

 

Figure 6.147: Prevalence of traumas in the skull vault for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in females. 
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Among nine hunter-gatherer populations (Table 6.221), Lagoa Santa shows the 

highest value. The comparisons between Lagoa Santa with the two oldest populations in 

the database show no statistical differences from “osg” (p=0.52) and from “WIN” 

(p=0.07) using Fisher Exact test. 

Males versus females 

 

The comparison between males and females of Lagoa Santa does not show 

statistical difference using Fisher Exact test (p=0.59). 

Subadults 

 

Using a test of comparison of three proportions, farmers, foragers and Lagoa 

Santa are significantly different using individual as unit (χ
2
 = 44.134, p<0.01). Using a 

Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence differ 

significantly (q=6.865, p<0.01), while Lagoa Santa is statistically similar to farmers 

(q=1.878, 0.50<p<0.20) and foragers (q=1.392, p>0.50; Table 6.222).  

 

 

Population 
Subadults Adults 

Ind. Affected % Sig Ind. Affected % Sig 

Ag 704 8 1.14 Hg 1273 53 4.16 Hg 

Hg 107 13 12.15 Ag 760 92 12.11 Ag 

Lagoa Santa 23 1 4.35 - 40 5 12.50 - 

 

Table 6.222: Prevalence of traumas in the skull vault by age group using individual 

as unit. 
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Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=12.500, p<0.01). Lagoa Santa prevalence is 

4.35% for subadults. This value is below 75
th

 of the total comparative sample. If the data 

are divided into subsistence strategies, the Lagoa Santa prevalence is above 90
th

 of 

farming populations, and between 25
th

 and 50
th

 of foragers (Table 6.223, Table 6.224 and 

Figure 6.148).  

 

 

 Subsistence N 5th 10th 25th 50th 75th 90th 95th 

Vault  
(Subadults) 

 

Total 23 0.00 0.00 0.00 0.00 5.56 19.37 26.86 

Ag 17 0.00 0.00 0.00 0.00 1.80 4.29 . 

Hg 6 0.00 0.00 4.17 17.55 22.14 . . 

Vault  
(Adults) 

Total 31 0.00 0.00 1.74 3.77 11.11 15.64 20.14 

Ag 21 0.00 0.00 1.48 3.70 8.29 10.89 11.27 

Hg 10 0.00 0.17 2.46 11.89 16.53 22.59 . 

 

Table 6.223: Percentile of prevalence of traumas in the skull vault  by age group 

using individual as unit. 
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Site
a
 Subsistence Years BP 

Subadults Adults 

Ind. Affected % Ind. Affected % 

co9 Ag 1125 12 1 8.33 62 7 11.29 

lib Ag 1835 . . . 9 1 11.11 

J73 Ag 1350 37 1 2.70 20 2 10.00 

teo Ag 1625 9 0 0.00 21 2 9.52 

KIT Ag 2564 52 1 1.92 70 6 8.57 

CO1 Ag 790 61 2 3.28 100 8 8.00 

MON Ag 650 60 1 1.67 62 4 6.45 

XCA Ag 990 . . . 19 1 5.26 

cop Ag 1125 . . . 22 1 4.55 

SUN Ag 750 66 1 1.52 53 2 3.77 

dol Ag 1050 7 0 0.00 27 1 3.70 

201 Ag 600 89 0 0.00 188 5 2.66 

ESB Ag 700 79 0 0.00 76 2 2.63 

QUI Ag 1200 42 0 0.00 121 3 2.48 

PEA Ag 900 44 0 0.00 44 1 2.27 

CUI Ag 1850 12 0 0.00 66 1 1.52 

TL2 Ag 3100 60 0 0.00 209 3 1.44 

LNC Ag 1200 . . . 17 0 0.00 

CHB Ag 700 35 0 0.00 31 0 0.00 

SGB Ag 700 9 0 0.00 30 0 0.00 

Y1B Ag 700 22 0 0.00 22 0 0.00 

rea Hg 4663 . . . 13 3 23.08 

W13 Hg 1625 38 7 18.42 176 32 18.18 

W38 Hg 3852 10 2 20.00 169 27 15.98 

W43 Hg 1359 . . . 28 4 14.29 

LNP Hg 3000 . . . 81 10 12.35 

W42 Hg 5250 7 2 28.57 105 12 11.43 

111 Hg 1350 16 0 0.00 30 1 3.33 

101 Hg 1350 6 1 16.67 37 1 2.70 

WO7 Hg 1075 18 1 5.56 115 2 1.74 

osg Hg 7425 . . . 6 0 0.00 

APA Hg 8000 16 0 0.00 38 5 13.16 

SR Hg 9000 7 1 14.29 2 0 0.00 

LS Hg 8500 23 1 4.35 40 5 12.50 
a
See Table 6.3 

Table 6.224: Prevalence of traumas in the skull vault by age group for Lagoa Santa 

and the populations of the comparative sample. 
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Figure 6.148: Prevalence of traumas in the skull vault for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in subadults. 

 

 

Among seven hunter-gatherer populations (Table 6.224), Lagoa Santa value is in 

the 6
th

 position, being only above Coastal South Carolina (111).  

Adults 

 

Using a test of comparison of three proportions in adults, farmers, foragers and 

Lagoa Santa are significantly different using individual as unit (χ
2
 = 46.401, p<0.01). 

Using a Tukey-type multiple comparison test, farmer and hunter-gatherer subsistence 
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differ significantly (q=9.242, p<0.01), while Lagoa Santa is statistically similar to 

farmers (q=2.982, 0.10<p<0.05) and foragers (q=0.325, p>0.50; Table 6.224).  

Mann-Whitney test shows that hunter-gatherers and farmers are significantly 

different using population as unit (Mw=56.000, p=0.04). Lagoa Santa prevalence is 

12.50% for adults. This value is between 75
th

 and 90
th

 of the total comparative sample. If 

the data are divided into subsistence strategies, the Lagoa Santa prevalence is above 95
th

 

of farming populations, and between 50
th

 and 75
th

 of foragers (Table 6.223, Table 6.224 

and Figure 6.149).  

 

 

 

Figure 6.149: Prevalence of traumas in the skull vault for agriculturalists and 

hunter-gatherers using individual as unit. The dotted line represents the Lagoa 

Santa prevalence in adults. 
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Among 11 hunter-gatherer populations (Table 6.224), Lagoa Santa is in the 5
th

 

position. The comparison between Lagoa Santa and the oldest population in the sample 

(osg) shows statistically similar values using Fisher Exact test (p=1.00). 

 

Summary 
 

Comparative sample 

Agriculturalists show significantly more facial trauma than hunter-gatherers using 

individual and population as unit. Conversely, hunter-gatherers show significantly more 

vault trauma than agriculturalists using individual and population as unit. For these two 

kinds of fracture, subsistence strategy show clear distinction, although in opposite 

directions. Regarding nasal bone fracture, no significant difference is found between the 

subsistence strategies using individual and population as unit. The low prevalence of 

nasal bone fractures in the comparative sample is a possible explanation for this lack of 

significance.  

Nasal bone 

Lagoa Santa prevalence (3.33%) is statistically similar to foragers, although above their 

75
th

 percentile.  

Males: Lagoa Santa prevalence (0%) is statistically similar to foragers, being below their 

75
th

 percentile.  

Females: Lagoa Santa prevalence (14.29%) is statistically similar to foragers, although 

above their 75
th

 percentile. 
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Males and females show statistically similar prevalence using individual as unit. 

Subadults: Lagoa Santa prevalence (0%) is identical to all foraging populations. 

Adults: Lagoa Santa prevalence (5.00%) is statistically similar to foragers, although 

above their 75
th

 percentile. 

Face 

Lagoa Santa prevalence (0%) is statistically similar to foragers, being below their 90
th

 

percentile.  

Males: Lagoa Santa prevalence (0%) is statistically similar to foragers, being below their 

90
th

 percentile.  

Females: Lagoa Santa prevalence (0%) is identical to all foraging populations. 

Males and females show identical values using individual as unit. 

Subadults: Lagoa Santa prevalence (0%) is identical to all foraging populations. 

Adults: Lagoa Santa prevalence (0%) is identical to all foraging populations. 

Skull vault 

Lagoa Santa prevalence (9.52%) is statistically similar to foragers, being below their 50
th

 

percentile.  

Males: Lagoa Santa prevalence (9.09%) is statistically similar to foragers, being below 

their 50
th

 percentile.  

Females: Lagoa Santa prevalence (18.18%) is statistically similar to foragers, although 

above their 75
th

 percentile. 

Males and females show statistically similar prevalence using individual as unit. 
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Subadults: Lagoa Santa prevalence (4.35%) is statistically similar to foragers, being 

below their 50
th

 percentile. 

Adults: Lagoa Santa prevalence (12.50%) is statistically similar to foragers, being above 

their 50
th

 percentile. 
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Chapter 7 : Discussion 
 

This chapter is organized in five sections concerning the main aspects of health 

and lifestyle analyzed in this investigation. The following attributes of health are 

investigated here: oral health and diet, activity (workload, mobility, and accidental 

injury), infectious diseases, systemic stress during growth and development (stature, 

femur length, cribra orbitalia, and porotic hyperostosis), and interpersonal violence and 

warfare. Within these main sections, sub-sections were created addressing specific 

osteological and dental markers. For example, oral health and diet is divided into caries, 

abscess, antemoretem tooth loss and tooth wear. The interpretation of these dental 

markers is made at the end in one single subsection. Activity markers are divided in DJD 

in the amphiarthrodial joints (long bones), DJD in the diarthrodial joints (vertebrae), 

FMS, and accidental injury. In this case, the interpretation of each activity marker is 

made independently in their respective subsection. Systemic stress markers are divided 

into stature and femur length, and cribra orbitalia and porotic hyperostosis. Also, the 

interpretation is made separately in their respective subsection. The text is organized in a 

similar manner within each subsection. The first paragraphs summarize the results, 

highlighting the most relevant conclusions. The first paragraph describes the comparison 

of the WHP database and the total sample of Lagoa Santa. In sequence, a paragraph 

describes the analysis by sex, followed by the analysis by age group and the temporal 
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trends. The next paragraph states whether the hypothesis of this investigation was 

corroborated or rejected. That is, whether Lagoa Santa is similar to the typical hunter-

gatherer of the WHP database or not. The following paragraphs contain the behavior 

interpretations of the results obtained, including their implications for the local and 

continental level.    

Oral health and diet 
 

Caries 
 

The comparative sample of WHP shows a consistent pattern in which 

agriculturalists have more caries than agriculturalists. The distribution of the two 

subsistence strategies shows some overlapping, but compared with other osteological 

markers the distinction is more pronounced. Regarding prevalence of individuals 

affected, the numbers are even more above the expected, since in addition to the 

departure from the foragers mean there is no statistical difference to farming populations. 

The analysis using tooth as unit showed only one foraging population above Lagoa Santa 

prevalence (Real Alto, Ecuador), but none in the individual analysis. These data are 

consistent with the departure of Lagoa Santa from typical foraging populations. 

 Age is not a factor influencing these results. Indeed, the analysis by age 

categories shows caries prevalence from Lagoa Santa even closer to farming populations. 

In fact, caries in individuals before 20 years old affects more Lagoa Santa than the typical 

farming population, although this difference is not significant. In brief, there is high 
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prevalence of caries in Lagoa Santa, and these lesions become pronounced even before 

the adult age.  

Differences between sexes, on the other hand, show sharp distinctions regarding 

caries prevalence. Females have more caries prevalence, being significantly distinct from 

hunter-gatherers. Conversely, males show similar prevalence of caries to hunter-gatherers 

but significant differences compared with agriculturalists. Females, therefore, are driving 

the total prevalence of caries up. Regarding differences by tooth type, both anterior and 

posterior dentition are more affected in females, although in posterior dentition the 

difference is more accentuated. The presence of multiple caries in the same tooth in 

females but not in males is another indication of this difference. That is, degree and 

prevalence of caries are greater in females than in males. On the other hand, females 

show lower prevalence of caries in the roots/cementum than males, probably due to lesser 

degree of tooth wear. 

Regarding the temporal analysis, prevalence of caries in Lagoa Santa is 

significantly higher than “WIN” and “osg” populations using individual and tooth as 

units. The analysis of temporal trends shows a significant increasing of caries over time 

using individuals and tooth as units. However, when Lagoa Santa is included in the 

regression, the results are no longer significant. In short, the temporal analysis confirms 

that Lagoa Santa values are higher than expected to an early Holocene population in the 

New World.  

 



 

590 

 

Abscess 
 

The analysis of abscesses rejected the main hypothesis using tooth as unit.. The 

results show that there is high prevalence of affected alveoli in Lagoa Santa. On the other 

hand, using individual as unit, the prevalence of abscesses in Lagoa Santa is closer to the 

mean of foragers and below their median. That is, the abscess in Lagoa Santa occurs in 

large number, but they are relatively concentrated in fewer individuals. Analysing the 

WHP database, agriculturalists show consistently more abscess than hunter-gatherers, but 

the distinction is not as sharp as in caries analysis. In fact, the median of both groups 

using population as unit is very similar, but farming populations tend to have a skewed 

distribution towards high abscess prevalence.                       

 Age could be a factor to explain that fewer individuals in Lagoa Santa show 

abscesses in relation to the alveolus count. In fact, the abscesses in Lagoa Santa appear 

only in the adulthood (after 20 years old). Regarding young adult individuals (20-35 

years old), the minimum value in Lagoa Santa using the alveolus count is not 

significantly different from foragers, but the maximum value is statistically different. Age 

corrected comparisons seem to decrease slightly the prevalence of abscesses in Lagoa 

Santa, but this slight reduction could be caused by lower sample size in the age analysis. 

A more important factor to explain the difference between alveolus and individual 

analyses is the presence of subgroups within the Lagoa Santa sample. This possibility 

will be investigated in future studies. 
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 No sex differences were found regarding prevalence of abscesses. In fact, the 

similarity between the sexes is reflected on the same distribution of abscesses throughout 

the mouth. Anterior and posterior dentition is equally affected in males and females. 

Regarding the temporal analysis, prevalence of abscesses in Lagoa Santa is 

significantly higher than “WIN” and “osg” populations using alveolus as unit. On the 

other hand, Lagoa Santa has lower prevalence than “osg” (non-significant) using 

individual as unit. The analysis of temporal trends shows a non-significant trend of 

increasing of abscess over time using alveolus and individual as units. When Lagoa Santa 

is included in the regression, the slope of the regression line decreases using alveolus as 

unit, and it does not change using individuals as unit. In short, the temporal analysis 

shows that Lagoa Santa prevalence is higher than expected to an early Holocene 

population in the New World using alveolus as unit, but it is lower than expected using 

individual as unit.  

Antemortem tooth loss and tooth wear  
 

Regarding antemortem tooth loss (AMTL), females show more AMTL than males 

using alveolus as unit. On the other hand, the number of individuals affected by AMTL is 

similar in males and females. In fact, females show more AMTL in all tooth types. 

Regarding tooth wear, males show significantly more wear than females, excepting the 

non-significant higher degree of wear in central incisors of females. This pattern might be 

related to more root caries in males than in females. The same factor that is causing more 

wear in males might be causing more periodontitis and receding of the alveolus tables. 
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Furthermore, tooth wear is associated with continuous eruption of the teeth (Kaifu et al., 

2003), which might increase the surface of the root exposition in males. AMTL is caused 

by a combination of caries and tooth wear, but caries seems to be the most important 

factor for AMTL prevalence in Lagoa Santa. In fact, females of Lagoa Santa have higher 

caries and higher AMTL. The cause of abscesses seems to be more equally distributed 

between tooth wear and caries, since females and males have the same prevalence of the 

lesions. Indeed, tooth wear should be causing more abscesses in males, while caries 

should be causing more abscesses in females. 

Interpreting the dental markers 
 

 After highlighting the connection between the multiple dental markers in this 

investigation, it is crucial to understand the implications in terms of behavior and diet on 

the local and continental level. The hypothesis that Lagoa Santa was a typical hunter-

gatherer was rejected for caries and abscesses (excepting using individual as unit), 

pointing to an unexpected poor oral health for inhabitants of Lagoa Santa. This 

unexpected result, however, is in agreement with suggestions from optimal foraging 

theory (based on fauna assemblage), lithic industry, previous caries analysis, and isotopic 

data from Lagoa Santa. The integration of all this local evidence indicates high reliance 

on plants in early Holocene inhabitants of Lagoa Santa. The data obtained in this 

investigation show some important pieces of new information. First, age analysis shows 

that caries began even before the adult age in individuals under 20 years old, while 

abscesses are a typical adult lesion. Even more relevant, caries affects significantly more 
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females than males. In fact, females in Lagoa Santa are the only sex-group who is 

significantly different from foraging populations. What kind of food was consumed by 

females generating this unexpected high prevalence of caries? 

 Several candidates can be raised as potential cariogenic food items in Lagoa 

Santa. As a tropical region, the Brazilian savannah (cerrado) is rich in honey. In fact, 

honey is a common source of food in modern foragers living in tropical regions 

(Marlowe, 2012). The Hadza hunter-gatherers from Tanzania, for instance, rely on honey 

as 14% of the source of calories in their diet. Also, honey is a rich source of 

carbohydrate, comprising around 95% of its dry weight (Bogdanov et al., 2008). Prous 

and Forgaca (1999) reported archaeological evidence of pieces of wax in early 

archaeological sites in central Brazil. On the other hand, there are some shortcomings in 

attributing caries to honey consumption. First, there are some researchers proposing that 

honey has an anti-bacterial effect, preventing caries and oral infections (Molan, 2001; 

English et al., 2004). Conversely, other researchers believe that honey is cariogenic 

(Shannon et al., 1979; Bowen and Lawrence, 2005), although possibly not as much as 

simple sugars (Decaix, 1976). Second, Neves and Pilo (2008:284) observed that bees in 

the region of Lagoa Santa produce on average little honey, preventing a fully exploitation 

of this source of food. Lastly, honey collection is a typical male activity (Marlowe, 2007), 

since it requires outstanding athletic ability either to climb trees or to collect the material 

as fast as possible. In the case of Lagoa Santa, caries is predominantly associated with 

females. For these reason, it seems unlikely that honey is the main cause of caries in 

Lagoa Santa. 



 

594 

 

 The second possible source of cariogenic food is tubers, which are considered 

an important source of food throughout human evolution, mostly due to their presence in 

savannah environments in Africa. Research with the Hadza from Tanzania has showed 

that tubers are important fallback foods during the dry season (Marlowe and Berbesque, 

2009). The Brazilian savannah is also rich in tubercles, since around 71% of the plant 

biomass is found underground (Castro and Kaufmann, 1998). This high percentage is 

related to the hydric stress and constant natural fires in this environment. Tubercles 

probably comprised an important source of carbohydrates in Lagoa Santa. However, 

there are some problems in attributing caries to tubercles. First, tubers have moderate 

amount of starches (Schoeninger et al., 2001), which is a less cariogenic source of food. 

Lingstrom and colleagues (2000) detected some cariogenic potential in foods rich in 

starch, but not as accentuated as in simple sugars. Second, there is no archaeological 

evidence of tubercle consumption in archaeological sites in Lagoa Santa. This lack of 

evidence, however, can be related to the poor preservation of tubercle macro remains in 

archaeological context. Studies investigating phytoliths within dental calculus and in 

archaeological sediment can clarify this issue. Taken as a whole, support for tubercles as 

the main factor to high prevalence of caries in Lagoa Santa is weak. 

 The third foot type is fruit. Brazilian savannah is rich in fruits, seeds and nuts, 

which are easily gathered and highly nutritive (Silva et al., 2001). Research in 

archaeological sites has showed botanic remains from seeds, nuts and fruits in Lagoa 

Santa. Silva (2006) provides a list of 39 morphological types of plant found at the Lapa 

do Santo rockshelter. In northern Minas Gerais, Shock (2010) found 822 different 
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morphological types of plants in the Holocene strata, identifying 98 types in her 

investigation. Remains of Pequi (Caryocar brasiliense) and Jatoba (Hymenaea 

stigonocarpa) fruits, for example, are found very often in the archaeological record of 

Minas Gerais. The pequi seed contains 21.6g of sugar per 100g of edible tissue, while the 

pequi endocarp contains 6.8g of sugar per 100g of edible tissue. Jatoba, in turn, contains 

29.4g of sugar per 100g of edible tissue (Silva et al., 2001). These fruits, therefore, are 

potential candidates for the high prevalence of caries in the region. Interestingly, the 

combination of sticky foods rich in starch and sources of simple sugar enhance the 

cariogenic potential of the diet (Lingstrom et al., 2000). This combination can be 

represented in Lagoa Santa by the mixture of sticky tubercles and fruits. In addition, 

plants are gathered mostly by women, explaining the high prevalence of caries in female 

skeletons. Further studies need to be done to obtain the cariogenic potential of the edible 

fruits of Lagoa Santa. These future studies need to include not only the amount of sugar 

but also forms of preparation and retention of the food in the mouth.              

 Caries is an indicator of amount of carbohydrate in the diet. However, 

carbohydrate content is only part of the explanation of caries prevalence. Frequency of 

eating, food preparation, food type, and retention of the food in the mouth are also 

important factors to explain caries prevalence. A good explanation for high prevalence of 

female caries in Lagoa Santa is the fact that females are the main responsible for 

gathering in hunter-gatherer societies. Accordingly, females are constantly snacking 

fruits and eating tubercles during the day, while males are in hunting parties. In Lagoa 

Santa, the wild plants (fruits) probably have a high cariogenic potential. It is hard to 
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believe that food preparation is an important component in the prevalence of caries in 

Lagoa Santa, because there is a lack of food preparation technology during early 

Holocene in the region (e.g. pottery). It is more likely that cariogenic fruits being eaten 

very often are the main factor explaining caries in females of Lagoa Santa. As a 

cautionary note, caries prevalence in Lagoa Santa is not equal to proportion of plant in 

the diet. Using isotopic analysis, Hermenegildo (2009) showed that Lagoa Santa 

inhabitants had a generalized diet including both animals and plants, relying less on 

plants than the Middle Holocene population of northern Minas Gerais. High prevalence 

of caries in Lagoa Santa means both considerable reliance in plants (carbohydrates), but 

also the high frequency and cariogenicity of the foods ingested. Future studies correlating 

isotopes and caries prevalence can clarify how much each of these factors contributes to 

caries.     

An alternative hypothesis to explain high caries prevalence in females is the 

biological and behavioral demands of pregnancy in women (Lukacs, 2008). Using this 

model, we would conclude that women of Lagoa Santa have a very high fertility, even 

above typical agriculturalists. This conclusion does not make sense for a hunter-gather 

population of early Holocene. In addition, isotopic analysis showed that individuals of 4 

years old had a signal of mother’s milk in their bones. This late weaning age is not 

compatible with high fertility. Fertility and mortality analyses (demography) were not 

undertaken in this investigation, but division of labor explains caries much better than 

unlikely high fertility rates of Lagoa Santa females.     



 

597 

 

Tooth wear is an important element to explain the high abscess prevalence in 

Lagoa Santa using tooth as unit. No systematic comparative analysis was made using 

tooth wear in this investigation, because the WHP database does not include this 

indicator. There are some indications that tooth wear is high in Lagoa Santa, at least in 

males. First, abscesses and exposition of tooth pulp are mostly due to tooth wear in 

males. In fact, Lagoa Santa has high prevalence of abscesses, which are equally 

distributed in males and females. In turn, males have significantly more tooth wear than 

females. Two explanations are raised here to understand this difference. First, males 

might use the teeth for extramasticatory activities more often than females. The pattern of 

tooth wear was not systematically investigated in this study, but it would be expected 

grooves or specific signs wear in male and not in female dentition
18

. A second possibility 

regards differences in diet. Assuming that males eat more meat than females due to the 

sexual division of labor, males might be chewing animal bones more often than females. 

This would be possible if males were eating small animals without elaborate food 

preparation. Crushing bones could explain more tooth wear. In this case, it would be 

expected more enamel chipping in male teeth than in females such as Eskimos who 

process and ingest bones of small animals (Turner and Cadien, 1969). In addition, some 

human tooth marks would be expected in the fauna assemblage. Microwear analysis 

would be very important to clarify the difference of tooth wear between males and 

females.    

                                                 
18

 Although not investigated systematically, no evident groove or mark of extra-masticatoiry activity was 

observed in Lagoa Santa teeth. 
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Tooth wear is higher in males than females, but we do not believe that this pattern 

affects the prevalence of caries. Higher tooth wear was used to explain less caries 

prevalence in Maat and Van der Velde (1987). However, Meiklejohn and colleagues 

(1992) showed that high caries co-occurs with high tooth wear. In the case of Lagoa 

Santa, tooth wear increases with age, while caries also increases with age from under 20 

years old individuals to young adults. In addition, higher tooth wear in males seems to 

increase caries in the root, counter balancing the loss of enamel surface to caries 

development. For these reasons, we believe that tooth wear is not a major factor in the 

difference between males and females regarding caries prevalence.    

Interestingly, both males and females show prevalence of abscess in the incisors 

as high as in the molars (mostly in the maximum value of abscesses). The same 

observation is valid for tooth wear in males and in females. In the case of caries and 

AMTL, females show some occurrence of the lesions in the anterior teeth. In fact, the 

pathologies in the incisors are as high as in the posterior dentition in AMTL but not in 

caries, which show higher prevalence in the posterior dentition. This pattern of anterior 

dentition affection shows that the dental pathologies affected the mouth as a whole. In the 

case of caries, anterior dentition might be affected by caries due to use of anterior 

dentition to peel fruits and tubercles. Turner and Machado (1983) observed a correlation 

between lingual surface attrition of the maxillary anterior teeth (LSAMAT) with high 

caries in an Archaic population from the Brazilian coast. For him, this tooth wear is 

caused by peeling abrasive tubercles. No systematic search for this specific wear pattern 

was undertaken in this investigation, even though no LSAMAT was observed in the 
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pictures taken of the collection. A systematic research about tooth wear pattern should be 

undertaken in the future. In any case, the involvement of the anterior teeth in caries, tooth 

wear, abscess and AMTL suggest active use of front teeth to peel, crack or process food. 

At the continental level, the poor oral health observed in Lagoa Santa goes against 

the traditional Paleoindian model of big-game hunters. This model has been contested 

using archaeological evidence from South America, which shows a much more 

diversified diet than predicted using Clovis diet. In fact, even in North America the 

Clovis model has been challenged by new evidence coming from botanical remains of 

Paleoindian sites. Places such as the Great Basin seem to show a wider diet breadth than 

the hunters from the US plains (see Chapter 3 for references). Although this model has 

been challenged, Powell and Steele reported very low prevalence of caries in 203 teeth 

from 8 early Holocene skulls from North America
19

. Although plants are progressively 

being recognized as important sources of food in early Americans, the skeletal evidence 

still points to the traditional model. In fact, these 8 skulls are from the plains of US, 

which might be an area with high consumption of meat. Lagoa Santa, therefore, breaks 

definitively the traditional model that Paleoamericans were specialized in hunting. In 

fact, Lagoa Santa data supports the recent archaeological findings in South America 

showing early dates for the domestication of plants (see Chapter 3 for references). 

Although Lagoa Santa does not show evidence of domestication, the use of plant 

resources seems to be a very old strategy in the New World, especially in South America.      

                                                 
19

 Abscesses, on the other hand, seem to be high in these Paleoindians compared to selected Archaic 

populations. 
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 Finally, in terms of the study of caries in hunter-gatherer populations, this 

study shows that the variability of caries prevalence in foragers is bigger than imagined 

before. Turner (1979) compiled a worldwide sample of hunter-gatherers showing 

prevalence between 0 and 5.3% of teeth affected. In this investigation, the prevalence of 

caries of the WHP database for foragers range from 0.4% to 8.2% of teeth affected. 

Throughout the recent decades, examples of high prevalence of caries in hunter-gatherers 

were reported in the Mesolithic of Portugal, in the Archaic period in Texas and in Coastal 

California (Larsen, 1997). Conversely, agriculturalists from Southeast Asia seem to not 

have high prevalence of caries, which was explained by the cultigen of low cariogenic 

crops such as rice (Tayles et al., 2000). In light of the results showed here, we predict that 

the inclusion of more tropical populations of hunter-gatherers in a worldwide database 

will increase the variability of caries prevalence, since tropics are richer in plant 

resources than temperate areas. On the other hand, the WHP database shows that caries 

discriminates foragers from agriculturalists as long as central tendencies such as mean or 

medians are considered. In fact, exceptions such as Lagoa Santa need to be further 

explained.    

 Activity (workload, mobility, and accidental injury) 
 

Degenerative joint diseases (amphiarthrodial joints)  
 

The Lagoa Santa values of DJD in the shoulder and elbow (SE), hip and knee 

(HK) and wrist are statistically similar to the hunter-gatherers of the WHP database. 
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However, two qualifications need to be done for these results. First, DJD in the SE and 

HK show an unexpected pattern in which agriculturalists show significantly more DJD 

than foragers. This result is not completely surprising, since Cohen and Crane-Kramer 

(2007) reported farmers with more DJD than foragers. Larsen (1997) also recognizes the 

great diversity of activity patterns within subsistence strategies. In the case of DJD in the 

wrist, farmers and foragers are statistically similar. Second, Lagoa Santa is consistently 

above the median of hunter-gatherer populations. As hunter-gatherers show lower values 

than agriculturalists, Lagoa Santa values deviate to the direction of farmers, although the 

results are not significant. Lagoa Santa is consistently below the values of Real Alto, 

Ecuador, but above the other foraging populations. The small size of Lagoa Santa sample 

can be a factor explaining the lack of statistical significance. 

 The age analysis shows that DJD are correlated with age. The older age group 

shows more DJD than the younger group. Interestingly, the age group 20.00-34.99 shows 

lower values, while the age group 35.00-49.99 shows significantly higher values than the 

hunter-gatherers of the WHP database. This pattern is observed for SE and HK. 

Therefore, the age analysis rejected the main hypothesis for the older age group. 

Conversely, DJD in the wrist do not show this pattern. Wrist DJD in Lagoa Santa are 

consistently above the WHP database medians in both age groups (not significant), but it 

is not specially accentuated in the older group.  

 The analysis by sex does not show any significant difference between males 

and females. In fact, there is a non-significant trend to more DJD in the SE and HK in 

females, while the non-significant trend is in the opposite direction in the wrist. However, 
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when DJD values are calculated separating anatomical joints such as hip from knee, no 

difference was found between males and females. In fact, ankle seems to be the only joint 

that females have more affection than males, although the result is slightly above the 

significant level. On the other hand, DJD in the SE in females is the only analysis which 

resulted in significant difference compared with hunter-gatherers from the WHP. In fact, 

females from Lagoa Santa have more DJD in the SE than foragers. This difference can be 

explained by low DJD affection in the SE in foraging females from the WHP database. 

 Regarding the temporal analysis, Lagoa Santa shows more DJD than “WIN” 

and “osg”. In the case of wrist DJD, the difference between Lagoa Santa and “WIN” is 

significant. These results provide evidence that Lagoa Santa is characterized by high 

activity, if compared with older populations from the WHP database. No temporal trend 

was observed in SE and wrist DJD, while HK DJD showed a slight increasing over time. 

When Lagoa Santa is included in the sample, it changes slightly the direction of the 

regression towards decreasing DJD over time. None of the results were statistically 

significant. These findings show that DJD do not show a clear trend over time. In fact, 

these results are inconclusive regarding the hypothesis that Lagoa Santa is a typical early 

Holocene population, since no temporal trend was clearly observed in the DJD of the 

limbs. 

These results corroborate the hypothesis that Lagoa Santa is similar to the typical 

hunter-gatherer populations of the WHP database. In addition, the results show that 

activity level in Lagoa Santa is in the upper level of variation of hunter-gatherers, being 

above the median of agriculturalists. What are the implications of these results in terms of 
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behavior? The lack of elaborate technology might be a factor to explain demanding life in 

Lagoa Santa. The lithic industry during this period was very simple, implying that intense 

physical demand was necessary to exploit the environment. Similarity between males and 

females level of activity does not mean that they executed similar tasks. In fact, DJD are 

used here as a marker of general level of activity, not corresponding to specific activities. 

Using ethnographic accounts of sexual division of labor (Murdock, 1973), it is possible to 

predict that females are more responsible for gathering and processing food, while males 

are more responsible for hunting and working with wood. We believe that digging tubers 

and processing plants are demanding activities for females when advanced technology is 

not available. In turn, males are responsible for cutting and carrying wood to the camp, 

which would be also a demanding activity. Hunting small animals is not a large burden 

for the joints, but hunting medium-size animals such as deer probably demanded 

considerable effort in killing, butchering and carrying the animals back to the camp. 

Higher ankle DJD in females than in males (non-significant) might be related to use of 

squatting position in females. This position might be used in plant processing and 

gathering. Bigger sample size and analysis of postural indicators in the ankle bones will 

clarify this issue. Finally, the significant difference found in the DJD in the SE and HK 

after 35 years old indicates that joint pathologies aggravated through age in Lagoa Santa. 

These findings show that activity level was intense in Lagoa Santa throughout the 

lifespan, not decreasing during the elderly age. 

 Considering the implications for the continental level, high activity level of the 

Lagoa Santa inhabitants show the physical demands to survive during early Holocene in 
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the New World. In addition, physical activity in females was as high as in males, showing 

the similar importance of the sexes for activity related to subsistence. Waguespack (2005) 

defends a model in which Clovis females participate in non-subsistence activities, 

assuming that meat is the most important source of food in Paleoindians. In contrast, 

similar activity levels in females and males of Lagoa Santa points to a similar importance 

of the sexes in exploiting the environment. In fact, following her model, societies with 

high consumption of plants rely more on women to do subsistence activities. The results 

of this investigation demand a reconsideration of the role of women in the Paleoindian 

societies. In short, women seem to have an important role in subsistence activities in 

Lagoa Santa, being as demanded as men in terms of physical activity. 

Degenerative joint diseases (diarthrodial joints) 
 

Lagoa Santa prevalence of DJD in the vertebrae (cervical, thoracic and lumbar) is 

within the range of hunter-gatherers of the WHP database. Contrary to the pattern 

observed in DJD in the long bone joints, hunter-gatherers have significantly more 

osteophytoses than farmers in the WHP database, excepting thoracic vertebrae which 

show equal occurrence. This pattern is the expected assuming that foragers have higher 

activity level than farmers. The contradictory patterns between osteophytosis and DJD in 

the long bone joints can explain why it is so hard to find a temporal trend for DJD in the 

literature. Osteophytoses values in cervical and lumbar vertebrae of Lagoa Santa are very 

close to the median of hunter-gatherers, being slightly above the farmer prevalence. 

Osteophytoses in thoracic vertebrae in Lagoa Santa, in turn, are below agriculturalists’ 
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and foragers’ medians, but the difference is not significant. As a general trend, 

osteophytoses in the vertebrae in Lagoa Santa are very similar to the typical hunter-

gatherer population of the WHP database. 

 The age analysis shows a varied pattern depending on the vertebral type. 

Cervical vertebrae showed high values in the 35.00-49.99 age group. In turn, thoracic 

vertebrae showed similar patterns in the two age groups, while lumbar vertebrae showed 

high values in the two age groups analyzed. These results, however, are not statistically 

significant, being based on few individuals from Lagoa Santa. Two non-significant trends 

were detected here: high osteophytoses in the two age groups for lumbar vertebrae and in 

the older age group for cervical vertebrae. It seems evident that more individuals need to 

be included in the analyses to reveal a more consistent pattern. 

 The analysis by sex shows that males have more osteophytoses in the vertebrae 

than females. This trend occurs in different degrees along the vertebral column. The 

cervical vertebrae show a non-significant trend to more affection in males using 

individual and vertebra as units. In addition, compared with the WHP database, Lagoa 

Santa males are slightly above foragers’ median, while Lagoa Santa females are below 

foragers’ median. Thoracic vertebrae show males with more lesions than females using 

individual and vertebra as units. In fact, females of Lagoa Santa showed no case of 

osteophytosis using individual as unit. Nonetheless, only two females were used in this 

investigation. Using the vertebra as unit, males showed higher prevalence of lesions than 

females, almost reaching the level of significance. Finally, in the lumbar vertebrae males 

showed higher prevalence than females, reaching significant difference using vertebra as 
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unit. Only lumbar vertebrae showed significant results, but there is a clear trend in the 

entire column of males showing more osteophystoses. In addition, males tend to occupy 

the upper half of the variability of foraging populations from the WHP database, while 

females tend to occupy the lower half. In short, lumbar vertebrae show the greatest sexual 

difference followed by thoracic and cervical vertebrae. 

Regarding the temporal analysis, Lagoa Santa values are above “osg” and below 

“WIN” in cervical and thoracic vertebrae. In the case of lumbar vertebrae, Lagoa Santa is 

above “WIN”. None of these differences are statistically significant. The results show 

that Lagoa Santa is in an intermediate position regarding the two oldest populations in the 

WHP database, except in the case of lumbar vertebrae, in which Lagoa Santa is the 

highest value. There is a slight decreasing of DJD in the cervical and lumbar vertebrae 

over time, while there is a slight increasing in thoracic vertebrae DJD over time. None of 

the results are significant. When Lagoa Santa is included in the regression, it does not 

change much the slope of regression line. There is a weak temporal pattern in DJD in the 

vertebrae, and Lagoa Santa does not deviate much from the regression line. 

 The results corroborate the hypothesis that Lagoa Santa prevalence is similar 

the typical hunter-gatherer population of WHP database regarding lesions in the vertebral 

column. In addition, sex differences were detected in Lagoa Santa. Males had a higher 

demand on their back than females. What are the implications of these results in terms of 

behavior? One possibility to explain this difference is male activity with wood, which is 

usually worked by men in hunter-gatherer societies (Murdock, 1973). In fact, carrying 

wood from one place to another might be an important burden for males. Wood might 
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have an important function in housing structures, instruments and fire. Chopping, picking 

and transporting wood might be causing these sex differences. Bringing game to the 

camp does not seem a likely explanation to osteophystosis, since Lagoa Santa inhabitants 

hunted small to medium size animals. Nonetheless, transporting deer (medium-sized 

animal) might have some contribution to the lumbar lesions. On the other hand, females 

show similar values of limb DJD compared with males, indicating different patterns of 

burdens on the back and on the limb joints. These results might suggest that females live 

closer to the camps than males, preventing loads on their back due to plant and child 

carrying. 

 Regarding the implications of these results for the first Americans, Lagoa 

Santa has the potential of revealing sexual division of labor of the first Americans. It 

seems clear that males have a higher burden on their back; however, we need to find 

explanations that are different from carrying large pieces of meat back to the camp. 

Working with wood would be an alternative explanation to this difference. In fact, wood 

is expected to be an important element in the tropical region. In conclusion, the 

Paleoindian lifestyle should be seen as flexible, being adaptable to the diversity of 

environments in the New World. 

Mobility (femur midshaft diaphyseal shape) 
 

Lagoa Santa value of femur midshaft diaphyseal shape (FMS) is similar to the 

typical hunter-gatherers from the WHP database. Hunter-gatherers show higher FMS 

than agriculturalists, indicating more oval shape and consequently more mobility. These 
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results are significant using individual as unit, but not significant using population as unit 

(except in the female analysis). Hunter-gatherers are expected to have more mobility than 

foragers using ethnographic and archaeological data. This pattern is observed in the 

FMS
20

. Although the Lagoa Santa FMS value is statistically similar to foragers, it is 

below the median of hunter-gatherers from the WHP database. In this sense, Lagoa Santa 

is departing to the direction of farmers’ median. However, these results did not reach 

statistical significance.  

The analysis by sex showed males and females below the foragers’ median. In the 

case of males, they are closer to farmers’ median than females. The sexual dimorphism in 

Lagoa Santa for FMS is below the mean and median of hunter-gatherers and 

agriculturalists. In fact, the difference between males and females is not significant in 

Lagoa Santa. Interestingly, this pattern contrasts with the results of Wescott (2006), who 

found higher sexual dimorphism in FMS values in more mobile populations
21

. The 

difference of results can be explained by the use of different comparative samples. 

Further studies need to be carried out using more representative comparative samples. In 

brief, Lagoa Santa values have no significant difference between males and females 

(males show slightly higher FMS values than females), and they are below the median of 

foraging populations. 

                                                 
20

 Wescott (2006) found no correlation between mobility and FMS measurements. However, we believe 

that the larger sample of WHP database is a better test for this correlation. In addition, we use here only 

two variables: farmers and foragers. It makes the distinction more evident than the degrees of mobility used 

by Wescott.   
21

 Ruff (2005) drew the same conclusion using femoral shape of cross-sections of midshaft femur. 
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 Regarding temporal trends, FMS values decrease over time, although the result 

is not significant. When Lagoa Santa is included in the sample, the slope of the regression 

tends to decrease slightly. In fact, Lagoa Santa is slightly below the regression line, 

showing a small deviation from what it is expected to an early Holocene population. The 

two oldest populations in the comparative sample (osg and WIN) are not represented in 

this analysis, precluding any comparison with Lagoa Santa. 

 The results corroborate the main hypothesis of this investigation that Lagoa 

Santa is similar to the typical hunter-gather population of the WHP database. However, 

Lagoa Santa value is in the lower half of the foraging variability of FMS values, 

indication relatively less mobility. What are the behavioral implications of these results? 

This result confirms the archaeological data available for Lagoa Santa: massive early 

Holocene occupation of the rockshelters, thick archaeological packets made by human 

activity, predominant use of local raw material (quartz), and use of local rockshelters as 

places to bury their dead. Furthermore, oral health analysis indicates high reliance on 

plants in Lagoa Santa. Using modern hunter-gatherer data, there is a strong correlation 

between subsistence and individual mobility (Kelly, 1995:130). It is expected that high 

reliance on plants decreases the mobility of a population
22

. In this sense, Lagoa Santa 

inhabitants are expected to be covering less distance in a daily basis. It is important to 

highlight that femur shape is an indicator of individual mobility rather than group 

mobility. For example, Kelly (1995:131) explained that gatherers usually have more 

                                                 
22

 An ecological foraging model is beyond the scope of this work. A detailed study of distribution of plants 

and animals in the region of Lagoa Santa need to be carried out in order to predict the impact of plant 

consumption on mobility. As a general rule, however, plants are more predictable than medium to big-size 

animals (Kelly, 1995).    
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frequent residential mobility than hunters, because the costs of plant transportation 

require closer distances between the camp and the resource. On the other hand, gatherers 

are covering less distance in a daily basis. Unfortunately, there is no data on settlement 

archaeology in Lagoa Santa, mostly due to the lack of excavated open-air sites. 

Investment on surveying open sites is crucial to better understand group mobility in 

Lagoa Santa. Resource distribution and plant dependence are not the only reasons to 

cause low mobility. Population pressure in neighbor areas can change the dynamic of 

group and individual mobility. More consistent surveys at the peripheries of Lagoa Santa 

region would clarify this topic. 

 In addition to the daily area covered by an individual, terrain is also an 

important factor to interpret mechanical loading on the femur. Ruff (1999) showed a 

direct correlation between roughness of terrain and midshaft robusticity. Populations 

living in mountains have more mechanical loading than populations from the coast and 

the plains. The case of Lagoa Santa, however, is not easy to interpret. The region has 

steep hills in the upland area as well as many limestone outcrops covered by vegetation. 

On the other hand, the terrain in general has a gentle steep in the area where the 

rockshelters are located. A detailed survey of the resources available in these different 

areas would be of great importance for future studies. As a general statement, Lagoa 

Santa has an intermediate relief between mountains and flat plains such as coastal areas. 

Interestingly, the entire sample of hunter-gatherers of WHP in this analysis comes from 

coastal areas The FMS values of these populations range from the highest value to the 

second lowest value of the entire database. In fact, populations living in mountain regions 
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do not show higher values than some coastal populations in the WHP database. However, 

all the populations in the WHP database that live in mountains are farmers. The low 

position of Lagoa Santa among hunter-gatherers suggests that terrain is not an important 

factor to explain Lagoa Santa values. As Lagoa Santa was compared to coastal 

populations, it would be expected higher mechanical loading in the femurs of Lagoa 

Santa. Although non-significant, the trend was in the opposite direction. 

 The sex analysis also has important implications for behavior of Lagoa Santa 

people. The low sexual dimorphism in Lagoa Santa is below the median of hunter-

gatherer populations. This result is compatible with a society that collects more than hunt. 

It does not mean that males are doing the same activity than females; instead, males and 

females are covering similar amounts of terrain. Hunting small to medium-size animals 

does not require large territory cover as it would be expected in hunting large mammals. 

In addition, it is possible that males had some participation in gathering plants as well. 

The use of local stone material after 9,000 yr. BP in the Karst of Lagoa Santa also 

contributed to low mobility.  

Regarding the implications of this study for the Paleoindian lifestyle, Lagoa Santa 

does not fit in the traditional concept of highly mobile bands. In fact, Lagoa Santa 

position in the WHP database is more compatible with a population beginning the 

transition from a highly mobile to a more sedentary lifestyle. It is important to highlight, 

however, that Lagoa Santa values are still above the agriculturalists median. Surovell 

(2000) proposed an alternative scenario for Paleoindian mobility. For him, low individual 

mobility could be compatible with highly mobile bands as long as the population had 
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high residential mobility. It seems clear that low individual mobility is not synonymous 

of sedentarism in terms of residential mobility. Walthall (1998), for instance, suggested 

that the occupation of rockshelters by early Holocene populations in Eastern North 

America is characterized by high residential mobility in a restricted area, using more 

intensely the local resources in a seasonal basis. The case of Lagoa Santa seems to be 

more similar to Walthall’s description than to the Clovis mobility, since Clovis 

settlements are more ephemeral than rockshelter occupations. In short, Lagoa Santa 

inhabitants had relatively low individual mobility, being similar in males and females. In 

addition, it is likely that they occupied a more restricted environment basing most of their 

subsistence on plant gathering and in constant residential and seasonal movements.       

 As a cautionary note, Ruff and colleagues (2006b) suggested that circular 

femoral shape (resulting in low FMS) might be caused by stocky bodies and not by high 

mobility. He advised researchers to calculate stature and body mass in order to identify 

the typical body shape of the population. In addition, he concluded that tibia cross-

sections would be more sensitive to mechanical loading from locomotion than femur 

cross-sections. Unfortunately, the WHP database does not provide indicators of body 

mass. Future studies using the Lagoa Santa collection should address femoral shape using 

cross-section geometry method in the tibia in order to eliminate this bias. 

Accidental injury 
 

Lagoa Santa prevalence of fracture in the post-cranium are statistically similar to 

hunter-gatherer populations of the WHP database. Regarding traumas in the arm and 



 

613 

 

hand, the results show a clear distinction between hunter-gatherers and farmers in the 

WHP database. The higher prevalence of traumas in foragers shows that activity in 

hunter-gatherers is more fracture-prone than in farmers. Falls are the most common cause 

for trauma in the arm and hand. However, Parry fractures (trauma in the middle of 

forearm) can also be caused by defending against a blow directed to the head. 

Unfortunately, no accurate description is provided in the WHP database distinguishing 

between Parry fractures and accidental injuries. In this investigation, it was assumed that 

fractures in the arm and hand are the result of falls. Traumas in the arm in Lagoa Santa 

are slightly below foragers’ median, while traumas in the hand are close to the foragers’ 

median. Lagoa Santa does not show any extreme tendency regarding trauma, with only a 

slight tendency to have lower traumas than typical foragers of the WHP database. In fact, 

Lagoa Santa did not show any case of trauma in the leg. Interestingly, prevalence of 

traumas in the leg is in general low in all the WHP populations. Accordingly, it demands 

large samples to detect one case of trauma. In addition, some of the infections in the tibia 

might be caused by minor trauma, since this work took a conservative approach to score 

trauma (see Chapter 5). Nonetheless, major traumas in the legs would be easily detected 

in case they occurred in Lagoa Santa. Interestingly, agriculturalists show more prevalence 

of trauma in the legs than foragers. The results were significant for adults and males. The 

explanation for these results is not clear. Agriculturalists might be more prone to traumas 

in the legs due to intensive activities related to domesticated plants such as plowing and 

harvesting plants. In turn, falls and upper limb fractures would be more related to higher 

mobility and hunting. Another explanation would be a bias of the WHP database, which 
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by chance selected populations with this unexpected pattern. In general, accidental 

trauma in Lagoa Santa can be characterized as similar to the typical hunter-gatherer of the 

WHP database, including a slight non-significant trend towards low prevalence of 

trauma. 

The age analysis shows that no trauma was detected in subadults in any foraging 

population of the WHP database. Lagoa Santa also did not show any subadult trauma. In 

farming populations, a very small prevalence of subadult traumas was detected in the legs 

and arms. These results show that subadults are not exposed to risky activities in pre-

historic populations according to the WHP database. Regarding adults, traumas in Lagoa 

Santa show a similar prevalence to the typical hunter-gatherer of the WHP database, 

being slightly above the median of foragers in arms and hands and slightly below it in the 

legs. The age analysis reinforces the typical hunter-gatherer pattern of accidental injury in 

Lagoa Santa. 

 The analysis by sex showed that males and females are statistically similar 

regarding accidental injury. Males have higher prevalence of fractures in the arms, while 

females have higher prevalence in fractures of the hand. There is no trauma in either 

females and males in the leg. Regarding isolated long bones, only one trauma was 

recorded in the ulna of a male individual. These results show a very similar pattern of 

accidental injury in males and females. 

Regarding the temporal analysis, the three anatomical regions show low 

prevalence of traumas in Lagoa Santa compared with the two oldest populations of the 

WHP database. These differences, however, are not statistically significant. Regarding 
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the temporal trend, traumas in the arm and hand decrease significantly over time, while 

there is no temporal trend in traumas in the leg. Lagoa Santa is consistently below the 

regression line, mostly in traumas in the hand and arm. These results show that Lagoa 

Santa has lower trauma than it would be expected for an early Holocene population. 

 The results corroborate the main hypothesis of this investigation that Lagoa 

Santa prevalence of accidental injury is similar to the typical hunter-gather population of 

the WHP database. Lagoa Santa seems to occupy the lower half of foraging variability 

regarding accidental injury, mostly when the subsistence analysis is combined with the 

temporal trend. However, this trend is slight and non-significant. In addition, males and 

females are exposed equally to risks of accidental injury. In terms of behavior, possible 

activities that might cause traumas in Lagoa Santa inhabitants are falling from trees and 

occasional falls from areas with rugged terrain (in limestone outcrops, caves, or in the 

upland area of the karst). These risky activities seem to be equally possible in males and 

females. Females could have more traumas in the hand due to use of instruments to 

process plants, while males could have more traumas in the arms due to falls while 

pursuing small to medium-size animals. These differences, nonetheless, are not strong 

enough to generate significant difference. The geography of Lagoa Santa also contributes 

to generate this typical hunter-gatherer pattern of accidental injuries. As discussed above, 

Lagoa Santa is an intermediate region between flat plains or coastal terrain and mountain 

region. This intermediate terrain relief also seems to generate an intermediate (typical) 

pattern of injury among hunter-gatherer populations. Interestingly, the activity patterns in 

Lagoa Santa inferred through DJD shows a higher physical demand in Lagoa Santa 
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compared to typical hunter-gatherers. This difference between traumas and physical 

demand can be related to the kinds of activities executed by the Lagoa Santa inhabitants. 

Plant processing, digging tubercles, wood work and hunting small to medium-size 

animals can be very demanding in terms of use of the joints, but at the same time they are 

not fracture-prone activities. On the other hand, both DJD and accidental injuries show 

few differences between general level of activity in males and females, excepting the 

higher prevalence of osteophytosis in males which may be related to carrying weight. 

 From the continental perspective, accidental injuries in Lagoa Santa does not 

correspond to the high fracture pattern expected in populations hunting big-game 

animals. Neanderthal skeletons, for example, show high prevalence of trauma throughout 

the body, with special high prevalence in the neck and head (Berger and Trinkaus, 1995). 

High prevalence of traumas, in this case, is related to close contact between hunter and 

prey. Modern humans are expected to have better hunting technology in order to avoid 

direct contact with big animals. However, in general, hunting big animals are more 

physically demanding. Clovis points, for example, are too large to be thrown, requiring a 

close distance between hunter and prey. Another aspect of big game hunting is the 

difference of physical demand between males and females. Males are usually more 

exposed to traumas than females. It is clear that the pattern of Lagoa Santa accidental 

injuries does not correspond to a society specialized in big-game hunting, since females 

and males are very similar in their trauma prevalence. As a cautionary note, traumas from 

other parts of the post-cranium skeleton such as thorax (ribs, clavicle, and sternum), hip 

and foot need to be included in the analysis providing a better picture of trauma in Lagoa 
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Santa. Unfortunately, these anatomical regions were not included in the WHP database. 

Lastly, use of X-rays would increase the positive diagnosis of fractures, being an 

important topic for future studies using the Lagoa Santa collection.        

Infectious disease 
 

 Lagoa Santa values are statistically similar to hunter-gatherers of the WHP 

database. Agriculturalists are consistently more affected by infections than foragers, 

meeting the expectation of this investigation. In fact, this difference is so consistent that 

even using population as unit the results are statistically different (excepting infections in 

the tibia). This pattern supports the affirmation that periosteal elevation are mostly caused 

by infections than by accidental trauma. If traumas were the most determinant factor to 

periosteal elevations, it would be expected that foragers show more infections than 

farmers, which is not the case. The WHP database shows that trauma in the arm and 

hands are more prevalent in hunter-gatherers, showing an opposite pattern compared to 

periosteal elevations. On the other hand, legs were more affected by trauma in 

agriculturalists than in foragers. For this reason, trauma still remains as one of the 

possible causes of high prevalence of tibia infections. Although Lagoa Santa is not 

statistically different from hunter-gatherers of the WHP database, the position of Lagoa 

Santa within the variation of foragers provides some important insights. First, infections 

in the tibia in Lagoa Santa are below the foragers’ median, being even statistically 

different from agriculturalists. This result might be related to the lack of leg traumas in 

Lagoa Santa. Second, localized infection using the remaining skeleton placed Lagoa 
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Santa above the foragers’ median, although still significantly different from 

agriculturalists. Third, systemic infections in Lagoa Santa show high prevalence, being 

very close to reach statistical significance compared with hunter-gatherer from the WHP 

database. In addition, Lagoa Santa value is even higher than agriculturalists’ median. 

Overall, infections in Lagoa Santa tend to be in the upper half of hunter-gatherer 

variability, excepting localized infections in the tibia. 

 The age analysis shows some variation across the different analyses. In the 

case of tibia infection, Lagoa Santa shows low values until the age 35 years old and high 

prevalence after this age. In older individuals, the values of Lagoa Santa are higher than 

agriculturalists’ median, even though the results are not significant. It is worth 

mentioning that only five individuals constitute the Lagoa Santa sample of older than 35 

year old individuals. Regarding localized infections in the remaining skeleton, under 20 

years old individuals in Lagoa Santa did not show any infection, being statistically 

different from agriculturalists. On the other hand, individuals older than 20 years old 

show high infection prevalence, although not reaching significant results. Lastly, 

systemic infections in Lagoa Santa showed high prevalence in subadults (above foragers’ 

median) and an even higher prevalence in adults (above agriculturalists’ median), even 

though the results were not significant. Overall, the age analysis showed that adults of 

Lagoa Santa are more affected than subadults, while in the case of infection in the tibia 

the lesions were manifested only after 35 years old. 

 The analysis by sex shows that males and females are statistically similar 

regarding localized infections in the tibia and in the remaining of the skeleton. However, 
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females have more infections in the tibia than males using individuals and bone as units. 

The comparison between the sexes using bone analysis shows an almost significant 

difference for tibia infection and significant difference using the entire sample of long 

bones. Females show significantly more infectious than males due to their high 

prevalence of infections in the tibia and fibula. On the other hand, considering the 

analysis of infections in the remaining skeleton using individual as unit, males showed a 

non-significant trend towards more infections than females. The most evident result 

comes from systemic infections. Males did not show any systemic infection, while 

females show very high prevalence. Indeed, the female’ value is significantly higher than 

hunter-gatherers from the WHP database, even though the small sample size precluded 

any statistical difference between males and females of Lagoa Santa. Overall, females 

show higher prevalence of infections than males, mostly systemic infections affecting 

tibia and fibula. 

 Regarding the temporal analysis, Lagoa Santa is in an intermediate position 

between ‘WIN” and “osg”. Lagoa Santa is significantly below “WIN” in infections of the 

tibia, and significantly above “osg” in infections of the remaining of the skeleton and 

systemic infections. Interestinly, Windover skeletons show high prevalence of infections, 

suggesting that Lagoa Santa case might not be an exception among early populations in 

the New World. Regarding the temporal trends, there is a consistent increase of infections 

over time, being statistically significant for infections in the remaining of the skeleton. 

Lagoa Santa value is on the regression line for tibia infections, but it is above the line for 

the other two analyses. Overall, these results show that Lagoa Santa does not show the 
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expected low prevalence of infections for an early Holocene population. On the other 

hand, Windover shows even more infections than Lagoa Santa. 

 The results corroborate the main hypothesis of this investigation that Lagoa 

Santa values of infection are similar to the typical hunter-gather population of the WHP 

database. Lagoa Santa seems to occupy the upper half of foraging variability regarding 

localized (remaining of the skeleton) and systemic infections, but the lower half 

regarding tibia infection. These results are important to give some support to the 

archaeological findings in the Lagoa Santa region. Evidence of thick packets of sediment 

made by human activity and the large occupation of shelter areas during the Early 

Holocene period in Lagoa Santa has suggested a dense human occupation in the region. 

In fact, Lagoa Santa skeletons show infection prevalence in the upper half of WHP 

hunter-gatherer populations. Furthermore, systemic infections are the most serious 

disease, and Lagoa Santa is particularly high in these infections. In addition, systemic 

infections are less likely to be caused by minor traumas. However, we should be careful 

in interpreting this indicator in Lagoa Santa. The values are not significantly different 

from hunter-gatherers, and tibia infections are below the foragers’ median. In fact, Lagoa 

Santa slightly departs from the typical foraging population to the direction of farming 

populations. In this sense, Lagoa Santa would be a foraging population showing 

aggregation and population density above the average. The results for infections agree 

with the mobility data obtained from femur shape, which showed a tendency toward low 

individual mobility. In fact, the use of a more restricted territory can be related to a 

subsistence heavily relied on plants and small animals. Plants and small animals in 
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general are more homogeneous and predictable resources than large mammals (Kelly, 

1995). In that sense, it allows low mobility, larger population size and exploitation of a 

restricted territory. However, further studies of primary productivity of edible plants need 

to be carried out to test if there are enough resources in Lagoa Santa to sustain a large 

population.  

What would be the cause of this slight increase of infections in Lagoa Santa? 

Living in a restricted environment favors accumulation of trash disposal and bacteria as 

well as facilitates the transmission of diseases between humans. Population density and 

aggregation is a key factor to explain prevalence of infections. Trade networks also can 

bring new diseases to local populations. However, there is no archaeological evidence of 

long-distance trading in Lagoa Santa. In addition, the skeleton evidence points to a 

tendency of low individual mobility in this population. In fact, the exotic lithic material 

decreased in Lagoa Santa over time during the early Holocene period. Movement of 

women across populations due to exogamic marriages could be bringing new diseases to 

Lagoa Santa. Although being less common ethnographically, movement of men could 

also be causing this pattern. In fact, societies more dependent on gathering tend to be 

matrilocal (Kelly, 1995:272). Strontium analysis would be a good tool to approach this 

topic in future studies. 

 The environmental characteristics of Lagoa Santa do not provide a clear 

answer for the infection pattern. In fact, Lagoa Santa is in a tropical region, which would 

favor the proliferation of diseases. However, Lagoa Santa region is characterized by 

seasonality, having a marked dry winter. In addition, the Karst region is known by the 
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hydric stress due to low water retention in the surface. It is not possible to attribute high 

infection prevalence in Lagoa Santa to environmental factors.   

Sex and age analyses are important pieces of information to understand behavior 

of Lagoa Santa people. Infections seems to be affecting more adult individuals (although 

not exclusively) and more females. The age pattern makes sense with the cumulative 

probability of acquiring infections as the individual lives more years. Also, aging process 

debilitates older adults, favoring the proliferation of infections. Regarding female 

prevalence of infections, behavior and diet are keys to understand this pattern. Females 

seem to have a different diet than males, based on more cariogenic plants. It is possible 

that a less diverse diet affects negatively the immunological system of females. In 

addition, gathering plants and raising kids required that women stayed closer to the main 

settlement. These central places, where raising kids and processing plants occurred, might 

be more propitious to transmission of diseases. In fact, aggregation of people and trash 

disposal are crucial to explain infections (Larsen, 1997). As a cautionary note, females 

and males have only subtle differences in their prevalence of infection. In fact, males 

seem to have low mobility as well, probably staying close to the main settlements as 

females did. Hermenegildo (2009) detected late age of weaning in subadults of Lagoa 

Santa based on two individuals aged to 4 years old. This late age of weaning is not 

compatible with a fast growing population. Although no demographic study was carried 

out in this investigation, isotopic evidence would be compatible with low fertility due to 

lactational infecundability (Kelly, 1995:246). In this sense, Lagoa Santa inhabitants 

might be keeping the demographic explosion under control. This information, however, 
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does not necessarily contradict a higher population density in Lagoa Santa. High life 

expectancy could keep the high density of the population. Moreover, Lagoa Santa could 

be a stable population, which underwent a population growth in the Pleistocene/Holocene 

boundary period but during the early Holocene kept a constant population size. More 

studies approaching weaning age in Lagoa Santa are necessary to further understand this 

topic. 

 From the continental perspective, Lagoa Santa results bring a new perspective 

for the first American populations. The lack of diseases in early Americans cannot be 

sustained any more. Indeed, Lagoa Santa shows the opposite tendency, that is, more 

infections than would be expected for a typical hunter-gatherer population. Waguespack 

(2002) characterized the first human populations in America as highly mobile and with 

low density. In her view, these characteristics allowed humans to colonize new 

environments in America without being severely harmed by novel infectious diseases. 

The author of this dissertation does not dispute that the first colonizers were highly 

mobile and with low density. However, the presence of higher density and lower mobility 

in an early Holocene population from central Brazil demands an explanation. First, the 

first colonizers might have entered in the New World much earlier than predicted, 

allowing time enough to stable and dense populations occur in places distant from origin 

of the first migrants (i.e. Beringia). Second, ecological differences might have allowed 

different demographic profiles across the New World. Clovis, for example, would be just 

one out of many demographic responses to different environments during the first 

thousand years of occupation of the Western Hemisphere. In this sense, we agree with 
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Dillehay (2000) that the first colonizers of the New World were very flexible and 

adaptable to different ecological settings, possessing a varied range of lifestyles. As a 

cautionary note, early Holocene population of Lagoa Santa cannot be characterized either 

as the first colonizers of the Americas or as contemporaneous to Clovis people. 

Nonetheless, understanding lifestyle of Lagoa Santa can shed some light to the 

population immediately preceding them. 

Systemic stress during growth and development 
 

Stature and femur length 
 

Lagoa Santa values of stature and femur length are not significantly different from 

hunter-gatherers of the WHP database. The comparative sample, however, did not 

provided good discrimination between subsistence strategies. It would be expected that 

hunter-gatherers show significantly higher stature than agriculturalists. The results show 

that foragers are only slightly taller than farmers. In the case of males, the analysis using 

individual as unit showed a slightly higher stature for farmers, even though the analysis 

by population showed the opposite tendency. Some explanations can be raised for these 

results. First, the WHP database might be biased towards shorter hunter-gatherers and 

taller agriculturalists. Farmer populations from Ohio, for example, are among the tallest 

in the sample, while foraging populations from Ecuador and Chile are among the 

shortest. Second, the body proportions can be distorting the results, since only femur 

length was used to calculate stature. Third, genetic factors might be a confusing factor for 
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meeting the expectations generated by health studies. All these factors can play a role in 

the results, but this investigation assumes that health is a major factor in stature in large 

comparative analyses. In fact, there is a non-significant trend towards higher stature in 

foragers than in farmers. 

 The analysis of stature placed Lagoa Santa very close to the median of hunter-

gatherers, using all long bones of 28 individuals of Lagoa Santa. Interestingly, the 

analysis using femur length placed Lagoa Santa even below the median of farmers, being 

in the lower half of the hunter-gather variability. This apparent contradiction is explained 

by the analysis of body proportions using long bones of Lagoa Santa. Femur in Lagoa 

Santa provided the shortest stature using three different stature formulas. In fact, femur 

and humerus are relatively smaller than tibia, radius and ulna. These results were 

consistent in the three different formulas applied in this investigation. It is important to 

highlight that the indices were calculated using average length of the bones and not 

averaging the indices for each individual. This method was used because very few 

individuals have more than one complete limb bone preserved. The interpretation of the 

results, therefore, assumes that the body proportion is homogeneous in the Lagoa Santa 

population. The body proportion analysis explains why stature estimation in Lagoa Santa 

obtained higher values than the femur length analysis. In this sense, femur analysis 

underestimates Lagoa Santa stature, while stature estimation using all long bones 

overestimates Lagoa Santa stature. This bias is explained by the extreme proportions of 

the Lagoa Santa skeletons. The crural and brachial indices in Lagoa Santa are high in 

relation to worldwide (Kurki et al., 2008) and American populations (Auerbach and Ruff, 
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2010), showing longer distal sections of the limbs. In conclusion, Lagoa Santa stature is 

at some point below the median of hunter-gatherers but above farmers’ median. 

 The analysis by sex shows that males and females are below the median of 

hunter-gatherers of the WHP database, although these results were not significant. 

However, males are closer to the foragers’ median than females. That is, in relation to the 

comparative sample, females are shorter than males. Lagoa Santa also has larger sexual 

dimorphism than the comparative samples. The percentage of sexual dimorphism in 

Lagoa Santa for stature and femur length is 7.59% and 7.30%, while the sexual 

dimorphism of farmers is 6.36% and 7.12% and of foragers is 5.16% and 5.10%. In fact, 

Lagoa Santa has higher sexual dimorphism than the average of both subsistence 

strategies. The results also show that in relation to the comparative sample, female short 

stature is the main cause of the high sexual dimorphism in Lagoa Santa. Crural index 

shows identical values for both sexes, although the brachial index is slightly higher in 

males (radius longer). Accordingly, sex differences in body proportion are not very 

marked in Lagoa Santa. These results rules out sex differences in body proportion as a 

cause for high sexual dimorphism in Lagoa Santa. 

 Regarding temporal analysis, Lagoa Santa values are above “osg”, the 

difference being significant only for the stature analysis. These results show that, 

although Lagoa Santa is below the median of hunter-gatherers, it is above the oldest 

population of the WHP database. Regarding the temporal trend, there is a significant 

increase of stature over time, which is a non-expected result. According to this trend, 

Lagoa Santa is above the expected for an early Holocene population. This finding is 
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confirmed when the inclusion of Lagoa Santa in the regression analysis of stature made 

the regression line to become non-significant. These results are important to put the low 

stature of Lagoa Santa in temporal perspective, showing that the values from Lagoa Santa 

are not as low as the non-temporal analysis might suggest. On the other hand, the 

unexpected increase of stature over time in the WHP database suggests that the WHP 

database might be biased, since this increase is not predicted in the literature.   

 The results corroborate the main hypothesis of this investigation that Lagoa 

Santa values of stature and femur length are similar to the typical hunter-gather 

population of the WHP database. On the other hand, Lagoa Santa occupies the lower half 

of foraging variability. What are the causes of the results obtained for Lagoa Santa? This 

investigation uses health as the crucial factor to explain variability of stature in the WHP 

database. In addition, we assume that Lagoa Santa has a similar genetic make-up for 

stature than the populations of the comparative sample. Regarding the genetic factor, 

short stature in pigmies is explained by malfunction of the receptors of the growth 

hormone (IGF-1; Bogin, 1998:375). In fact, pigmies (average stature below 1.50 m) are 

found worldwide, occurring from the tropical forests of Africa to the island of New 

Guinea. The malfunction of the GH-IGF-1 axis in these populations has genetic basis, 

even though nutritional factors contribute to the variability within the population. The 

best explanation for low stature in pigmies is long-term genetic adaptation to either 

tropical forests or islands, being an adaptation to environments with low food resources 

(Richards, 2006). Lagoa Santa does not fit in the model of either insular population or 

tropical forest inhabitants. In fact, it is hard to explain Lagoa Santa low stature by long-
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term adaptation to low resources, since in the early Holocene the populations were just 

beginning their settlement in the New World. Accordingly, it is unlikely that Lagoa Santa 

evolved genetic adaptations to low stature. As a cautionary note, a heritability study 

showed that genetic variability in stature varies from 80% (Visscher et al., 2006) to 65% 

(Li et al., 2004) in modern populations. Nonetheless, heritability is a population 

dependent measure. It is expected that in more diverse comparative samples (in space and 

time) such as WHP database the environmental variability would be higher than in 

modern populations, decreasing the heritability value. In short, health is an important 

component in stature, and we believe that it is a crucial factor in the variability of pre-

historic data.                

Using the general stress model to interpret stature, Lagoa Santa inhabitants seem 

to have undergone more stress during growth and development than the typical hunter-

gatherer population, especially females. General stress during growth and development 

might be caused by poor nutrition, parasites or infection diseases. The results of infection 

diseases showed very low prevalence of localized lesions in subadults (only cases in the 

tibia), while the results showed high prevalence of systemic infections in subadults. In 

light of this evidence, it is likely that systemic infections in subadults played a role in the 

relative low stature in Lagoa Santa, considering that systemic infections are serious 

impairments to growth and development. Regarding parasites, no information is available 

for the early Holocene period in Lagoa Santa. Souza and colleagues (2009) examined a 

mummified individual dated to 540 yr. BP from northern Minas Gerais. They detected 

Chagas’ disease and infestations by Echinostoma and Ancylostomidae in this individual. 
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Interestingly, Aufderheide and colleagues (2004) reported a case of Chagas’ disease 

dated to 9,000 yr. BP in the Chinchorro people from Chile. In turn, Reinhard and 

colleagues (2001) made the case that hookworms were present in pre-historic populations 

in Brazil. Future studies addressing paleoparasitology in Lagoa Santa can shed some light 

to the degree of infestation in early Holocene inhabitants of Lagoa Santa. Poor diet is a 

potential contributor to general stress as well. The reliance on plant material might have 

reduced the diversity of food items in Lagoa Santa diet. In general, farmers rely on fewer 

and less nutritious sources of food, having negative consequences for their health 

(Larsen, 1995). On the other hand, Lagoa Santa is a hunter-gatherer population having a 

diet based on fruits and small to medium size animals. Preliminary studies on fruits of 

Brazilian savannah showed considerable levels of minerals such as zinc, calcium and iron 

(nonheme). However, variability and bioavailability of these nutrients need to be better 

evaluated (Silva et al., 2008). The seasonality of Lagoa Santa might be an important 

factor in the diet habits of the population. Fruits are more prevalent during the rainy 

season. In periods of droughts, tubercles might be used as a fallback food, being a much 

poorer source of nutrients. Lastly, increase of population density might be playing a 

factor in the availability of food for everyone, leading to periodic food shortages. In 

summary, infections, parasites, diet and population density might be contributing to a 

stature below the median of hunter-gatherers populations from the WHP database.           

Regarding sex differences, females show relatively shorter stature than males. 

Diet seems to be a possible explanation. Prevalence of caries in Lagoa Santa showed than 

females were eating more cariogenic plants than males. In addition, the analysis of 
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individuals under 20 years old showed that caries were relatively high before the adult 

age. These data suggest that cariogenic diet began during growth and development, 

potentially affecting more young girls. The same can be inferred for infections, since 

systemic infections occurred more often in adult females. Although we don’t know the 

sex of the subadults affected by systemic infections, they might follow the same sex 

distribution of adults. Finally, different treatment of females and males could explain 

more stress in one of the sexes. For example, in modern Mesoamerica males have 

preferential treatment compared to females (Goodman et al., 1991). This cultural 

preference might be analog to cultural preferences in Lagoa Santa. Regarding the exact 

cause of this difference, future studies should address the growth curves in subadults to 

identify the periods which are more critical to final stature. Stinson (2000) observed that 

the majority of the growth disruption is caused before 6 years old. Studies using enamel 

hypoplasias and growth curves can clarify this topic. Methods of sexing subadults also 

would be helpful to understand sex variation in growth and development. 

Cribra orbitalia and porotic hyperostosis 
 

Regarding cribra orbitalia, Lagoa Santa value is statistically similar to hunter-

gatherers from the WHP database. On the other hand, porotic hyperostosis value in Lagoa 

Santa (only in the vault) is statistically different from foraging populations. In fact, Lagoa 

Santa did not show any case of porotic hyperostosis, being below the median of foragers 

of the WHP database. This deviation is not unexpected, since the variation is in the 

opposite direction of the median of farming populations. The comparative sample shows 
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a consistent pattern in which agriculturalists had more prevalence of the lesion than 

foragers. These results are expected, since farmers are predicted to have more general 

stress than foragers. The low prevalence of porotic hyperostosis in Lagoa Santa fits is the 

model of a stress-free early American society.  On the other hand, cribra orbitalia 

prevalence in Lagoa Sanrta is above the median of foraging populations of the WHP 

database, although still below the farming median. These results show that Lagoa Santa 

was not a stress-free society, and cribra orbitalia seems to be more sensitive to capture 

these stressors.             

The analysis by age shows that only cribra orbitalia in subadults was detected in 

the Lagoa Santa skeletons. In the case of porotic hyperostosis, Lagoa Santa prevalence in 

adults is significantly lower than the values of hunter-gatherers and farmers, while 

subadults are significantly lower than farmers only. On the other hand, cribra orbitalia in 

subadults is above the average of hunter-gatherers, being close to the farming values. In 

fact, cribra orbitalia and porotic hyperostosis are lesions mostly present in subadults, 

since the space occupied by the marrow in the cranium vault and orbits is more restricted 

in subadults (Stuart-Macadam, 1985). Some studies pointed out cribra orbitalia as the 

first manifestation of iron anemia, while porotic hyperostosis occurs in more severe cases 

(Lallo et al., 1977). However, Larsen (1997:31) observed that the lesion occurs in 

different bones depending on the population analyzed. In the WHP database, populations 

such as Xcaret, Mexico (XCA) and South Coast, Ecuador (lib) showed more porotic 

hyperostosis than cribra orbitalia, while other populations such as Dolores, Colorado 

(dol) and San Geron, Peru (SGB) showed the opposite. The fact that no adult individual 
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was affected by the disease in Lagoa Santa can indicate that adults either recovered 

completely from the lesion or were in better health conditions than the subadults. In any 

case, the evidence of stress in Lagoa Santa is found only in subadult skeletons. 

The analysis by sex shows that males and females are equally non-affected by the 

lesions. In relation to the comparative sample, only the analysis using porotic 

hyperostosis in males showed significant difference to farmers. The vault bones of adults 

in Lagoa Santa show high prevalence of porosity in the external surface. Mann and Hunt 

(2005:22) named these pores as ectocranial porosity, recommending that they should not 

be recorded as pathology. The lack of porosity in subadults of Lagoa Santa reinforces the 

non-pathological hypothesis. On the other hand, we strongly suggest that X-rays analysis 

must be carried out to guarantee that no vault thickness and hair-on-end pattern is 

observed in Lagoa Santa skulls. In addition, an anatomical explanation needs to be found 

to these natural porosities. 

Regarding the temporal analysis, Lagoa Santa values are above “osg” and 

significantly below ‘WIN”. These results show that Lagoa Santa is not an extreme case 

among early American populations. Regarding the temporal trends, there is a non-

significant increase of cribra orbitalia and porotic hyperostosis over time. The results are 

significant only when Lagoa Santa is included in the porotic hyperostosis analysis. These 

results show that Lagoa Santa is in the expected position from a temporal perspective. In 

fact, Lagoa Santa inhabitants underwent some stress, but not much above the amount 

predicted by the regression line. 
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The results corroborate the main hypothesis of this investigation that Lagoa Santa 

value of cribra orbitalia is similar to the typical hunter-gather population of the WHP 

database. On the other hand, Lagoa Santa value of porotic hyperostosis is statistically 

different from the typical hunter-gather population of the WHP database.  Lagoa Santa 

occupies the lower half of foraging variability for porotic hyperostosis and the upper half 

for cribra orbitalia (in subadults). In terms of behavior, this investigation shows that 

Lagoa Santa is not a stress-free population regarding subadults (cribra orbitalia). The 

level of stress, however, seems to be hard to predict. Comparing with the results of 

stature, cribra orbitalia lesions confirm the occurrence of stress during growth in 

development in Lagoa Santa, although no information is available about the sex of the 

subadults affected. The cause of cribra orbitalia has been hotly debated in the last 

decades. Theories range from the lack of iron in the diet to deficiencies in vitamin C and 

B12 (Walker et al., 2009). In fact, cribra orbitalia seems to be caused by multiple 

stressors such as infection, parasites, and poor diet (Holland and O’Brien, 1997). In terms 

of nutrients, iron and vitamins are found in abundance in fruits of Brazilian savannah. 

However, meat is the best source of heme iron, which is the form of iron with the best 

bioavailability. The diet based largely on plants in Lagoa Santa might have caused 

deficiencies in certain micronutrients. In summary, causes of cribra orbitalia in subadults 

of Lagoa Santa might be related to infections, parasites, and/or poor diet (see discussion 

on stature).               

From the continental perspective, stress indicators in Lagoa Santa show that the 

early populations in America were not stress-free. No specific model of general stress has 
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been proposed for the first American populations, since archaeological data is an indirect 

source to address this kind of question. High mobile populations living in a territory with 

plentiful of resources are expected to have few stressors. Conversely, entering in novel 

environments can lead to contact with new pathogens in addition to low information 

about local resources. Thi situation might require adjustments that not always were well 

succeeded. In this sense, the results of stress indicators in Lagoa Santa can be seen as a 

first step to develop models of general stress in the first American populations. In fact, 

the case of Lagoa Santa shows that adjustments to a new environment had its biological 

consequences in the first Americans. 

Interpersonal violence and warfare 
 

 The prevalence of trauma in the head in Lagoa Santa is similar to hunter-

gatherer populations of the WHP database. The comparative sample of the WHP, 

however, shows distinct patterns regarding the subsistence strategies. The prediction of 

this investigation was that trauma in the head would occur in higher prevalence in 

farming populations due to more social conflict and population density. This prediction 

was confirmed only for facial traumas, while nasal fractures show similar prevalence in 

foragers and farmers. In contrast, skull vault traumas were much more prevalent in 

foragers than in farmers. These results suggest three possible explanations. First, traumas 

in the face and in the nasal bone would be directly related to violence, while traumas in 

the vault would be a mix of interpersonal violence and accidental injuries. Second, the 

comparative sample might be biased, including hunter-gatherers with unusual prevalence 
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of vault trauma. Hunter-gatherers from Southern Coastal California, for example, are 

among the five highest prevalence of skull vault trauma of the WHP database. Third, this 

pattern might be real, meaning that hunter-gatherers have more interpersonal violence 

than foragers. In fact, a combination of the two first explanations seems to be more likely 

in light of the expectations for social conflict in foraging and farming societies. 

 Although the results were not statistically significant, Lagoa Santa position 

varied across the different analysis. The lack of face trauma in Lagoa Santa is at the 

median of hunter-gatherers and below agriculturalists’ median. Trauma in the nasal bone 

in Lagoa Santa is above farming and foraging populations, being the highest value in the 

sample. Skull vault traumas in Lagoa Santa are slightly below foragers’ median but well 

above agriculturalists’ median. This pattern shows a mixed trend. Prevalence of trauma in 

the vault in Lagoa Santa is higher than nasal traumas (9.52% against 3.33%). However, 

relative to the comparative sample, nasal traumas in Lagoa Santa are higher than vault 

traumas compared with hunter-gatherers of the WHP database. In short, Lagoa Santa had 

substantive interpersonal violence, although it is similar to typical hunter-gatherers of the 

WHP database. In fact, typical hunter-gatherers of the WHP database show high 

prevalence of head trauma, mostly in the vault. 

 The age analysis shows that adults of Lagoa Santa have more traumas in the 

head than subadults. In fact, the only case of trauma in the head in a Lagoa Santa 

subadult was found in the vault. Regarding the comparative sample of the WHP, hunter-

gatherers have no case of trauma in the face or nasal in subadults. Walker (2001) 

observed that violence marks in children’s skeletons were not found in pre-historic 
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collections. If facial and nasal traumas are a good proxy of violence against children, the 

findings of this investigation corroborate the predictions of the literature. On the other 

hand, many instances of vault traumas in subadults were detected in the WHP database. 

These results might be explained by either accidental injuries or violence in teenagers 

which are still under 20 years old. Finer age divisions of the WHP database will be 

undertaken in the future to test this hypothesis. Traumas in the face and in the nasal bone 

in Lagoa Santa subadults are similar to the median of foragers, while skull vault traumas 

in Lagoa Santa subadults were well below the foragers’ median. These results show that 

subadults in Lagoa Santa had low involvement with interpersonal violence. Regarding 

adults, facial trauma in Lagoa Santa is similar to foragers’ median. However, skull vault 

trauma is slightly above hunter-gatherers’ median and well above regarding nasal 

traumas. These results show that Lagoa Santa is slightly above the median of foragers 

regarding trauma in adults. 

 The analysis by sex showed no significant difference in the three anatomical 

parts examined. However, females are consistently more affected by traumas in the head 

than males. In fact, Lagoa Santa male values are similar to the median of foragers of the 

WHP database in nasal and facial traumas (no trauma observed), while they are slightly 

below forager’s median in vault trauma. Conversely, Lagoa Santa females are well above 

foragers’ median in vault and nasal traumas, while they are similar to the forager’s 

median in facial traumas (no trauma observed). In short, female skeletons from Lagoa 

Santa have a tendency (non-significant) to have more traumas in the skull vault and nasal 

bones than males.        
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 Regarding temporal analysis, Lagoa Santa prevalence are above “osg” and 

‘WIN” in nasal and vault traumas, while trey are below ‘WIN” and similar to “osg” in 

face traumas. None of the differences are significant. These results show that Lagoa 

Santa have more traumas than other old populations from the comparative sample, mostly 

in the case of vault and nasal traumas. Regarding the temporal trends, nasal and face 

traumas increased over time, while vault traumas decreased over time. These results are 

not significant. Interestingly, traumas in the face and in the vault are on the predicted 

values of the regression line, while traumas in the nasal bones are much above the line. In 

fact, when Lagoa Santa is included in the comparative sample, the slope of nasal traumas 

decreased instead of increasing, showing the high prevalence of nasal traumas in Lagoa 

Santa. Overall, Lagoa Santa is in the expected position of an early Holocene population, 

excepting in nasal traumas.                        

The only case of trauma in subadults is the skull of the burial IVb from Santana 

do Riacho. This individual is 2-3 years old, and it shows a large blow in the posterior part 

of the right parietal. There are typical marks of fresh bone fractures. The young age of 

this individual and the position of the trauma do no support a case of interpersonal 

violence. Due to the dimension of the fracture and the lack of healing, this fracture 

probably was its cause of death. Infanticide is a reasonable explanation for this individual 

death. Infanticides are relatively common in foraging populations as a form of population 

control. An alternative explanation would be violence directed to the child as a result of 

social conflict, but it rarely occurs in pre-historic populations (Walker, 2001). Finally, 

ritual sacrifice might be a possibility, although there is no special funerary ritual 
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associated with this burial. Regarding traumas in the adults, there is slightly high 

occurrence of nasal bone and vault traumas in relation to the typical hunter-gatherers. The 

most part of the cases in Lagoa Santa are depression fractures in the vault, either healed 

or unhealed. In fact, the small dimensions of these marks suggest a small circular 

instrument. As no lithic instrument was found in Lagoa Santa with these characteristics, a 

wood stick with eventually a stone in the tip might be a potential candidate. Another 

possibility would be traumas resulted from throwing stones with slings or bare hands. 

Wood instruments, however, are not preserved in Lagoa Santa. There is no mark in the 

Lagoa Santa skulls that could be caused by large instruments such as axes. On one hand, 

the evidence of fracture in the vault in Lagoa Santa seems to be clearly caused by 

interpersonal violence. On the other hand, the vault depressions are mainly small and 

non-lethal (4 healed and 1 perimortem trauma), not suggesting warfare or lethal 

ambushes. In fact, they are all located either in the parietal or frontal, suggesting face to 

face battles (Appendix B).    

The results corroborate the main hypothesis of this investigation that Lagoa Santa 

prevalence of trauma in the head is similar to the typical hunter-gather population of the 

WHP database. Lagoa Santa prevalence occupies the upper half of foraging variability 

for nasal fractures, the lower half for vault trauma, and an average value for facial 

trauma. What are the causes of violence in Lagoa Santa? Social conflict can be 

environmental related, being caused by unpredictability of resources (Ember and Ember, 

1992). However, this model refers to ethnographic cases of raids and warfare, which does 

not seem the case in Lagoa Santa. Limited resources, in turn, are a plausible explanation 
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for social conflict, since fighting for the few sources of food can generate tension. Lagoa 

Santa is located in a seasonal environment with hydric stress, raising the possibility that 

during the dry season the few water sources were greatly disputed. Population density is 

another important element to explain violence. The results of this investigation have 

showed a tendency towards low mobility and high population density in Lagoa Santa. In 

this scenario, dispute over resources might have caused social tension in the region. In 

fact, the results of this study show a relatively high degree of stress during growth and 

development, which might be related to the lack of enough resources for everyone.  

Population density is closely linked to social complexity and hierarchy. Would 

Lagoa Santa be a non-egalitarian society? The material culture associated with Lagoa 

Santa is simple, expedite and generalized, not showing any sign of status differentiation. 

In addition, no monumental constructions or structures are found in the archaeological 

sites of the region. Grave goods are usually studied to understand social differences in 

past populations. However, Lagoa Santa is very limited in terms of funeral 

accompaniments. We cannot discard the existence of perishable status objects (textile, 

wood objects, adorns), but it seems unlike that no stone instrument would be associated 

with these supposed status differences. On the other hand, mortuary rituals were very 

elaborate during the early Holocene regarding the manipulation of the body. These rituals 

might suggest the existence of a class of shamans (Strauss, 2010). Nonetheless, hunter-

gatherer societies can attribute different roles for individuals, without meaning that they 

have dominance over other individuals. In fact, the material evidence in Lagoa Santa 

does not point to any social difference between individuals. As a future line of research, 
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prevalence of indicators of health can be analyzed by site and by different forms of burial 

rituals. Health variability within the Lagoa Santa sample can address the hypothesis of 

social hierarchy. 

Interestingly, the results point to a non-significant trend towards more traumas in 

the head in females of Lagoa Santa. This result seems to indicate that the interpersonal 

violence occurred at the domestic level. Usually, war troops are constituted of males, 

contradicting the evidence obtained here. In case of attacks coming from neighbor 

populations, it would be expected that males, females and subadults were equally 

attacked. The small depressions and mostly healed fractures in the skull do not suggest 

warfare or ambush. In fact, the only perimortem fractures were found in a male and in a 

subadult. The traumas in the head might be associated with ritual battles or games. 

Nonetheless, these ritual conflicts and games usually occur among males rather than 

females. More traumas in females might be linked to the greater participation of females 

in subsistence activities. In this sense, females would be central in the social tension in 

Lagoa Santa. It is hard to know if traumas in females were caused by males or other 

females. Ethnographic analogies might answer this question in future studies.                 

In summary, traumas in the head in Lagoa Santa were caused by interpersonal 

violence probably at the domestic level, being slightly more prevalent in females. There 

is no evidence of warfare or ambush attacks in Lagoa Santa. The prevalence of trauma is 

high in adults of Lagoa Santa, being slightly above the forager’s median. In fact, the 

foragers’ median of traumas in the head is high in the WHP database. On the other hand, 
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the majority of the lesions in Lagoa Santa were healed small depressions, being caused 

by small and non-lethal weapons.   

These results have some important implications for the lifestyle of the first 

Americans. First, social conflict was detected in the population of Lagoa Santa. This 

social stress can be explained by high population density and low resource availability. 

Walker (2001) reported cases of violence in early populations in the New World. 

However, the prevalence of these lesions could not be calculated due to the lack of 

skeleton collections dated to the Pleistocene/Holocene boundary. In this sense, this 

investigation provides results of traumas using a population approach for early 

Americans. Second, the model characterizing the first Americans as small and highly 

mobile bands does not hold in light of Lagoa Santa results. Social tension was present in 

Lagoa Santa caused by possibly a combination of population aggregation and resource 

stress. This social stress would not be expected in small and highly mobile hunter-

gatherers. 

Summary  
 

The Table 7.1 and Table 7.2 summarize the main findings of this investigation. 

Regarding the test of hypothesis, Lagoa Santa values are statistically different from 

hunter-gatherers of WHP database only for caries (tooth and individual as units), 

abscesses (alveolus as unit), and porotic hyperostosis (individuals as unit). In these cases, 

the hypothesis of this investigation was rejected. The most part of the analyses indicated 

that Lagoa Santa is similar to other hunter-gatherer populations. In fact, the majority of 
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the analyses that obtained significant differences included high sample sizes using tooth 

and alveolus as unit. The non-significant trends were also analyzed here. The results 

pointed that Lagoa Santa values are above hunter-gatherer’s median in caries, abscess 

(alveolus as unit), DJD in the limbs, systemic and localized (remaining skeleton) 

infections, cribra orbitalia, and nasal trauma. Conversely, Lagoa Santa values are below 

hunter-gatherer’s median in abscess (individual as unit), DJD in the vertebrae, FMS, 

traumas in the limbs, stature and femur length, porotic hyperostosis, and traumas in the 

vault. Overall, Lagoa Santa does not show osteological and dental markers typical of 

small and highly mobile foraging populations. High infections, low mobility, and 

presence of nonspecific stress indicators suggest a more dense population occupying a 

restricted territory. In addition, the diet in Lagoa Santa seems to be based heavily on 

cariogenic plants. 

Significant sex differences in Lagoa Santa were detected in caries, AMTL 

(alveolus as unit), tooth wear, DJD in lumbar vertebrae, and infections in the entire 

skeleton. In addition, non-significant trends in sex differences are summarized in the 

Table 7.1. Females have worse oral health than males, related to different food habits. In 

contrast, males have more DJD is the vertebral column than females, probably related to 

differences in carrying weight. Females have more infections, traumas in the head (non-

significant), while males seems to be relatively taller compared with hunter-gatherers 

from WHP database. Overall, females show more markers of stress and disease than 

males. 
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The temporal trends are summarized in the Table 7.2. In general, the temporal 

analyses do not contradict the main analysis of this investigation. That is, in the cases 

where the main hypothesis is rejected, Lagoa Santa also deviates from the regression line. 

Unfortunately, few populations are older than 5,000 yr. BP in the WHP database, 

precluding a robust statistical analysis of temporal trends. For example, only two 

populations (WIN and osg) are considered old enough to deserve direct comparison with 

Lagoa Santa. Due to this small sample size, these results were used only as marginal 

evidence to the main conclusions obtained in this investigation. 
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Osteological 
Indicator 

Unit of analysis Hypothesis 
Lagoa Santa 

Position* 

Sex differences 

Significance Trend** 

Caries Tooth Rejected High Different Females 

Caries Individual Rejected High - - 

Abscess Alveolus Rejected High Similar Similar 

Abscess Individual Corroborated Low - - 

AMTL Alveolus - - Different Females 

AMTL Individual - - Similar Similar 

Tooth wear Tooth - - Different Males 

DJD-Shoulder and 
elbow 

Individual Corroborated High Similar Females 

DJD-Shoulder and 
elbow 

Bone - - Similar Similar 

DJD-Hip and Knee Individual Corroborated High Similar Females 

DJD-Hip and Knee Bone - - Similar Similar 

DJD-Wrist Individual Corroborated High Similar Males 

DJD-Wrist Bone - - Similar Similar 

DJD-Ankle Bone - - Similar Females 

DJD-cervical 
vertebrae 

Individual Corroborated Low Similar Males 

DJD-cervical 
vertebrae 

Bone - - Similar Males 

DJD-thoracic 
vertebrae 

Individual Corroborated Low Similar Males 

DJD-thoracic 
vertebrae 

Bone - - Similar Males 

DJD-lumbar 
vertebrae 

Individual Corroborated Low Similar Males 

DJD-lumbar 
vertebrae 

Bone - - Different Males 

FMS Individual Corroborated Low Similar Males 

* Position of Lagoa Santa in relation to the median of hunter-gatherers * Sex which obtained a higher prevalence 

regardless of statistical significance 

        

    Continued 

Table 7.1: Summary of the test of hypothesis, Lagoa Santa position and sex 

differences for each osteological marker. 
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Table 7.1 continued 

Osteological 
Indicator 

Unit of analysis Hypothesis 
Lagoa Santa 

Position* 

Sex differences 

Significance Trend** 

Trauma- Arm Individual Corroborated Low Similar Males 

Trauma- Leg Individual Corroborated Low Similar Similar 

Trauma- Hand Individual Corroborated Low Similar Females 

Trauma – long 
bones 

Bone - - Similar Males 

Tibia infection Individual Corroborated Low Similar Females 

Tibia infection Bone - - Similar Females 

Remaining 
skeleton - 
infection 

Individual Corroborated High Similar Males 

Skeleton-
infection 

Bone - - Different Females 

Systemic 
infection 

Individual Corroborated High Similar Females 

Stature Individual Corroborated Low - - 

Femur length Individual Corroborated Low - - 

Cribra orbitalia Individual Corroborated High Similar Similar 

Porotic 
hyperostosis 

Individual Rejected Low Similar Similar 

Trauma- Nasal Individual Corroborated High Similar Females 

Trauma- Face Individual Corroborated Similar Similar Similar 

Trauma- Vault Individual Corroborated Low Similar Females 
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Osteological 
Indicator 

Unit of analysis 

Significance Lagoa Santa in 
relation to old 
populations** Trend* 

Without 
Lagoa Santa 

With Lagoa 
Santa 

Caries Tooth Increase Yes No High 

Caries Individual Increase Yes No High 

Abscess Alveolus Increase No No High 

Abscess Individual Increase No No Low 

DJD-Shoulder 
and elbow 

Individual No trend No No High 

DJD-Hip and 
Knee 

Individual Increase No No High 

DJD-Wrist Individual No trend No No High 

DJD-cervical 
vertebrae 

Individual Decrease No No Intermediate 

DJD-thoracic 
vertebrae 

Individual Increase No No Intermediate 

DJD-lumbar 
vertebrae 

Individual Decrease No No High 

FMS Individual Decrease No No - 

TA 
standardized 

Individual Increase No No - 

Trauma- Arm Individual Decrease Yes Yes Low 

Trauma- Leg Individual No trend No No Low 

Trauma- Hand Individual Decrease Yes Yes Low 

Tibia infection Individual Increase No No Intermediate 

Localized 
infection 

Individual Increase Yes Yes Intermediate 

Systemic 
infection 

Individual Increase No No Intermediate 

Stature Individual Increase Yes No High 

Femur length Individual Increase Yes Yes High 

Cribra orbitalia Individual Increase No No Intermediate 

Porotic 
hyperostosis 

Individual Increase No Yes Intermediate 

Trauma- Nasal Individual Increase No No High 

Trauma- Face Individual Increase No No Low 

Trauma- Vault Individual Decrease No No High 

* “Increase” means higher prevalence in recent times, while “decrease” means the opposite ** The oldest populations 

in the database are Santa Elena, Ecuador (osg) and Windover, Florida (WIN). ‘High” means that Lagoa Santa has the 

highest values, while “low” means the opposite. 

Table 7.2: Summary of the temporal trends for each osteological indicator, 

including the position of Lagoa Santa in relation to the two oldest populations in the 

database (osg and WIN).  
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Chapter 8 : Conclusions 
 

 This investigation aims to understand the lifestyle of the early Holocene 

population of Lagoa Santa using osteological and dental indicators of health. This study 

is not the first one to approach lifestyle in the region, but the previous studies used either 

sub-samples of the Lagoa Santa collection or non-population analyses. In this sense, this 

study opens avenues of research in lifestyle of Lagoa Santa, which has been previously 

dominated by studies of biodistance and cranial morphology. In addition, the use of WHP 

database as a comparative sample articulates local and continental questions, giving a 

large context for the Lagoa Santa results. This study tests the hypothesis that Lagoa Santa 

is a typical hunter-gatherer population. This overarching question was formulated in 

order to understand the many aspects of Lagoa Santa lifestyle under a single research 

question. Furthermore, this research question provides solid predictions about Lagoa 

Santa health, since differences between foragers and farmers have been long approached 

from the perspective of bioarchaeology and ethnography. Indeed, the test of this 

hypothesis is just the first step to achieve the goal of this study: reconstruct behavior. In 

order to reconstruct the life of Lagoa Santa inhabitants, questions coming from the study 

of the first Americans and local archaeology in Lagoa Santa were evaluated in light of the 

results generated here. Investigating early Holocene population of Lagoa Santa from the 

perspective of the first Americans is a one out of many possibilities of analyses. This 
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choice is justified because Lagoa Santa is the oldest large collection of skeletons from a 

single region in the New World. In this sense, this study brings skeletal evidence about 

lifestyle of the first Americans that is not available in any other region of the New World. 

For these reasons, this study has an important potential to impact the models of local and 

continental archaeology of the New World. 

 Furthermore, this investigation gave an important contribution to the 

organization of the museum collections housing Lagoa Santa skeletons. Although much 

work is still necessary to facilitate research in the collection, this study provides a list of 

skeletal elements from each museum, giving associate dates for each part of the 

collection. Now, it is possible to have a compilation of dates and associated skeletal 

elements of the early Holocene human skeletal sample from Lagoa Santa, working as 

reference for future studies. 

 The results obtained here corroborated the main hypothesis of this 

investigation in all aspects of Lagoa Santa lifestyle, excepting oral health. In addition, the 

results showed that hunter-gatherers and farmers of the WHP database have a wide range 

of variation regarding osteological indicators of health. This large variation explains the 

consistent inclusion of Lagoa Santa within the range of hunter-gatherers. On the other 

hand, although much overlapping in the subsistence strategies exists, it is possible to 

identify central tendencies (mean and median) differentiating the subsistence groups. The 

lack of significant difference between Lagoa Santa and the hunter-gatherers of the WHP 

database can be explained by the reduced sample size of Lagoa Santa, mostly in the 

analyses using individual as unit. For instance, the only cases in which the main 
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hypothesis was statistically rejected involved caries and abscess using tooth and alveolus 

as units. Non-significant trends were interpreted here as indicators of the position of 

Lagoa Santa within the range of variation of hunter-gatherers. These tendencies are 

important, since they show a pattern of deviation from the median of foragers, leading to 

the formulation of hypotheses for future studies. 

 Regarding the aspects of lifestyle investigated in this study, Lagoa Santa 

showed poor oral health (significant), high physical activity in the limbs, typical hunter-

gatherer physical activity in the column, low mobility, low accidental injuries, high 

infections, high stress during growth and development (stature and cribra orbitalia), 

typical hunter-gatherer interpersonal violence and no warfare. This summary shows that 

there is a consistent pattern of Lagoa Santa deviation from the typical hunter-gatherer of 

the WHP database. Lagoa Santa tends to deviate in the direction of agriculturalists, 

having a worse health than expected for an early Holocene foraging population. This 

deviation to farmers’ median occurs in oral health, mobility, infections and general stress. 

In addition, interpersonal violence is above the median of farmers, being close to the high 

prevalence of traumas in the head for foragers of the WHP database. On the other hand, 

Lagoa Santa has high physical demand in the limbs (measured by DJD) and low 

accidental traumas. It shows that the Lagoa Santa inhabitants were doing intense physical 

effort in activities of low risk of fractures. Interestingly, this approximation of Lagoa 

Santa to the farmers’ health profile occurs in a population showing no archaeological 

evidence of domestication, no monumental constructions, no elaborate technology and no 

evidence of status differentiation. Moreover, this population initiated the colonization of 
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the region in the Pleistocene/Holocene boundary, being considered recent in the territory 

from local and continental perspectives. Conversely, there is solid evidence of elaborate 

funerary rituals and symbolic representation during early Holocene, showing a very rich 

cultural system. These combinations of factors make Lagoa Santa society very particular 

in terms of health and social organization. 

 Regarding sex differences, this investigation provides important conclusions 

that hardly would be available using archaeological data. In fact, many of the 

comparisons between sexes used bone as unit, providing better sample sizes to detect 

significant differences. Females showed poorer oral health regarding AMTL and caries 

(significant), more systemic and lower leg infections (significant), more systemic stress 

using stature, and more interpersonal violence. These results show that females had 

different patterns of stress and diet, being more affected than males. Males, on the other 

hand, showed more tooth wear (significant) and physical activity in the vertebral column 

(significant). These results confirm the differences in diet between sexes and the role of 

males in carrying heavy objects (wood?). In terms of activity, males and females showed 

similar values of DJD in the limbs. Moreover, accidental trauma and mobility were 

similar between the sexes. This configuration does not mean that males and females were 

doing the same activity, but instead they were doing activities which produced similar 

marks in their bodies. In general, females were more affected by health indicators than 

males in Lagoa Santa suffering from the high demands of their life. The fact that Lagoa 

Santa inhabitants relied on plants as an important source of food highlight the importance 

of females for subsistence activities. In addition, evidence of increasing population 
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density in Lagoa Santa might have caused an extra burden on females regarding 

pregnancy and raising children. The fertility of Lagoa Santa population, however, is a 

controversial topic, since late weaning (4 years old) seems to indicate low fertility. Future 

studies on demography of Lagoa Santa might clarify this issue.  

 Finally, age analysis showed that subadults of Lagoa Santa were affected by 

systemic stress, infections and caries. There is one case of trauma in the vault in one 

subadult of Lagoa Santa, but it was not interpreted as interpersonal violence. In turn, no 

post-cranium trauma was found in subdults of Lagoa Santa, indicating activities with low 

risk of fractures. Stress during growth and development was indicated by stature, cribra 

orbiltalia and systemic infections. In this sense, health problems in Lagoa Santa started 

since the first years of life. Future studies using linear enamel hypoplasias will be crucial 

to test this model of subadult stress. 

 There are many implications of this study for understanding the first American 

lifestyles. In fact, the results of this work corroborated some of the local archaeological 

data. First, evidence of large and intense occupation of the rockshelters of Lagoa Santa 

agrees with the markers of population density used in this investigation. Second, 

archaeological evidence pointing to a diet based on small to medium-size animals and 

plants was confirmed using dental markers. From a continental perspective, the results of 

this study do not fit in the traditional model of the early Americans as small and highly 

mobile bands hunting big-game animals. The results of this investigation are more 

aligned with the proposal of Dillehay (2000), who characterizes the early Americans as 

having a varied and flexible lifestyle adapted to different ecological conditions. Recent 
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findings in South and Mesoamerica have receded the date of the first domestication of 

plants far back to the early Holocene. In fact, experimentation and manipulation of plants 

started early than previously imagined in the New World. Indeed, Lagoa Santa becomes 

an important case of successful occupation in the New World, involving the use of plant 

resources and of small to medium-size animals. On the other hand, it is also a case of the 

health costs of local adaptations. We should be very careful to compare Lagoa Santa with 

Clovis people, since Lagoa Santa inhabitants lived a couple thousand years after Clovis 

culture. However, there is archaeological evidence that the Lagoa Santa strategies of 

subsistence started as early as 12,000 yr. BP in Minas Gerais (Kipnis, 2002). In any case, 

the existence of an early Holocene population departing from the expected model of early 

societies from the New World has important consequences for the peopling of the 

Western Hemisphere. The results of this investigation imply that the first Americans were 

either very successful in terms of colonization, expansion and settlement in different 

regions of the New World or the entrance in the Western Hemisphere was earlier than the 

current archaeological evidence sustain. In fact, Lagoa Santa is distant from the point of 

entrance of the New World (Beringia), and it is not located close to the coastal route. 

Studies of other populations across the Americas dated to the Pleistocene/Holocene 

boundary will clarify the extent to which Lagoa Santa is an exception or a norm for the 

first populations of the New World. 
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Future directions 
 

 This investigation is a large and broad overview of the Lagoa Santa collection 

regarding indicators of health and lifestyle. In this sense, further studies of each of the 

aspects of lifestyles analyzed here are necessary. Some examples of techniques that will 

improve the understanding of Lagoa Santa lifestyle are: microwear, x-ray analyses of 

porotic hyperostosis and trauma, microscopic counting of perykamata, cross-section 

geometry, strontium analysis, body proportions, subadult curve of growth, histological 

analysis, among others.  

In terms of interpretation of the results, there are many theoretical approaches that 

will improve the understanding of Lagoa Santa lifestyle. First, it is possible to use 

ethnographic accounts of the populations living in Minas Gerais at the time of the 

Portuguese colonization. In fact, these populations were still hunter-gatherers, being 

named Botocudos. The analysis of the skeletal remains of Botocudos housed at the 

MNRJ can provide an interest source of analogy with early Holocene population of 

Lagoa Santa. Second, further investigation of the archaeological context of the hunter-

gatherers of the WHP database will provide additional information to understand 

behavior in Lagoa Santa. In this sense, differences and similarities in the indicators of 

health can be matched with differences and similarities in the archaeological context of 

these populations. In addition, other populations can be added to the WHP database as 

long as they follow similar methodologies of analysis. Inclusion of populations outside of 

the New World would also bring new insights to the interpretation of Lagoa Santa values. 
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Third, further research on the Brazilian savannah ecological characteristics can bring new 

information about decision making in this environment. Information about carrying 

capacity, diversity and primary production of Brazilian savannah can allow the 

application of evolutionary ecology models integrating archaeological data, ecological 

parameters and osteological indicators of health. This ecological research can include 

literature review and fauna and botanical surveys in the Karst of Lagoa Santa (some of 

these studies are already under way). 

This study proposes innumerous hypothesis that can be tested in the future using 

archaeological data. For instance, use-wear of lithic material, macro and microbotanical 

remains and fauna composition of the archaeological sites can take advantage of the 

hypothesis generated in this investigation. In addition, the integration of mortuary 

archaeology and lifestyle can produce important evidence of the social organization of 

Lagoa Santa population. Archaeological excavations in Lagoa Santa also have the 

potential to generate new skeletons for bioarchaeological studies. In fact, A. Strauss is 

carrying out excavations at Lapa do Santo since 2010, finding new early Holocene 

skeletons in the site. New radiocarbon dating of the bones housed at the museum also can 

be important to include new skeletons to the early Holocene sample, which were 

previously excluded of this investigation due to the lack of secure dating. From a 

continental perspective, comparison of Lagoa Santa indicators of health with early 

populations in America such as from Colombia, Ecuador, Florida and California will 

provide a better characterization of the lifestyle of early Americans from the perspective 

of the human skeleton.  
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Appendix A – Sex and age estimation 
 

Sex estimation 
 

 The sex estimation applied here is based on the sexual dimorphism of 

epiphyseal measurements of bones. Weiss (2007), for example, used these measurements 

as predictors of body mass in order to study muscle marks. Another example is the study 

of Ruff and colleagues (1991) correlating femur head diameter and body mass. In this 

investigation, it is assumed that epiphyseal dimension is directly correlated with body 

mass. The measurements of the epiphyses are taken following the standards of Buikstra 

and Ubelaker (1994). 

 Table A-1 shows descriptive statistics of bone measurements of known-sex 

specimens. These data are used as the source for classification of unknown-sex 

specimens. Twenty-four individuals are used as the known sex sample, and their sex was 

estimated based on cranial and pelvic morphological traits. The unknown-sex sample is 

constituted of 187 specimens, which are mostly isolated long bones.  
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  Humerus Femur Tibia Calcaneous 

  VHD EB MHD EB MPEB MDEB L B 

Male 

Sample 6 7 7 2 4 4 7 6 

Mean 42.11 57.41 43.94 75.35 69.58 42.83 74.22 39.35 

SD 1.53 3.01 1.31 1.92 3.40 2.42 3.84 1.98 

Female 

Sample 6 7 6 3 3 4 7 7 

Mean 37.16 48.35 37.62 63.48 61.75 38.36 65.24 33.59 

SD 1.20 3.24 0.96 0.87 3.08 2.51 2.60 2.39 

VHD = Vertical head diameter; EB = Epicondilar breadth; MHD = Maximum head diameter; MPEB = Maximum 

proximal epiphyseal breadth; MDBE = Maximum distal epiphyseal breadth; L = Length; B = Breadth. 

 

Table A-1: Descriptive statistics of bone measurements of known-sex specimens. 

 

 

This sex estimation is undertaken through discriminant functions applied for each 

of the variables. The main statistical assumptions of this analysis are normal distribution 

and homogeneity of the variances. In fact, small deviations from these normal 

assumptions do not preclude the discriminant analysis. Before applying the statistics, 

Levene test was used to verify homogeneity of the variances. None of the cases analyzed 

here obtained significant values (α=0.05), demonstrating the similarity of the variance in 

male and female measurements. At the same time, discriminant analysis separated very 

clearly the means of males and females as can be seen by the significant results of the 

Wilks’ Lambda test. It is important to highlight that a univariate discriminant function 

was applied to each single trait. This procedure was undertaken to avoid the extensive use 

of missing values, since the most part of the specimens are represented only by few traits. 

The summary of the discriminant statistics is found in the Table A-2. 
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 Humerus Femur Tibia Calcaneous 

 VHD EB MHD EB MPEB MDBE L B 

Wilks' 
Lambda 

0.205 0.290 0.104 0.030 0.337 0.477 0.314 0.334 

P value <0.001 <0.001 <0.001 0.003 0.027 0.044 <0.001 0.001 

Correct 
classification 

(%) 

100 92.9 100 100 85.7 75.0 78.6 92.3 

VHD = Vertical head diameter; EB = Epicondilar breadth; MHD = Maximum head diameter; MPEB = Maximum 

proximal epiphyseal breadth; MDBE = Maximum distal epiphyseal breadth; L = Length; B = Breadth. 

  

Table A-2: Summary of the discriminant statistics for the 4 bones analyzed. 

 

 

There is a bias of classification of the bones as males instead of females (Table A-

3 and Table A-4). These results can be either an artifact of the method or a bias of the 

Lagoa Santa collection toward males. It seems clear that the bias toward males is not 

derived from the known-sex sample, which has the same number of measured bones in 

both sexes (N=43, Table A-1).  

 

 

 Humerus Femur Tibia Calcaneous 

 VHD EB MHD EB MPEB MDBE L B 
Sample 29 59 36 19 24 30 10 7 
Male 55.2 59.3 58.3 73.7 66.7 70.0 87.5 71.4 
Female 44.8 40.7 41.7 26.3 33.3 30.0 12.5 28.6 
VHD = Vertical head diameter; EB = Epicondilar breadth; MHD = Maximum head diameter; MPEB = Maximum 

proximal epiphyseal breadth; MDBE = Maximum distal epiphyseal breadth; L = Length; B = Breadth. 

 

Table A-3: Classification of unknown-sex specimens using discriminant functions 

for the 4 bones and 8 measurements analyzed. 
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 Individuals % 

Males 113 60.43 
Females 64 34.22 
Indeterminate 10 5.35 
Total 187 100.00 

 

Table A-4: Summary of the classification results using discriminant function.  

 

 

This method of estimation of sex uses all the 6 measurements. However, the most 

part of the 188 unknown-sex specimens are represented for just one measurement. When 

more than one measurement is available the inference of sex is positive only when all the 

results are in agreement. If there are two measurements that point to different sexes, the 

specimen is considered as indeterminate. 

 

Age (Tooth wear) 
 

Age was estimated using permanent molar tooth wear. The method is an 

adaptation of the work of Miles (1963). Instead of using the Miles seriation method, it 

was applied a best fit regression curve. The regression method is more appropriate to this 

collection, since the Lagoa Santa skeletons are housed in different museums. In addition, 

seriation using pictures is more imprecise and time consuming. This investigation uses 30 

subadult individuals (under 20 years old) from the Lagoa Santa population as the 

baseline. The ages of the subadults were estimated using the dental developmental chart 

of Ubelaker (1989). His work is based on a Native American population, being the most 
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appropriate chart for the early American sample. Tooth wear was scored using the 

method of Scott (1979), since it contains more degrees of wear (from 4 to 40 for each 

tooth) than other methods. There are 26 cases of missing values in the adult and 5 in the 

subadult sample. These values represent quadrants of the tooth which were not observed 

due to taphonomic alteration. These missed values were completed taking the average of 

the remaining quadrants of the same tooth.   

The regression curve of the subadult baseline (molar wear versus age) was used to 

infer the unknown age of the 77 individuals/ fragments of mandible. The final age, 

however, is the average of the three tooth wear comparisons: M1 (subadults) versus M2 

(adults), M1 (subadults) versus M2 (adults) and M2 (subadults) versus M3 (adults). For 

each of these comparisons, an estimation of age is calculated. In the case of the Lagoa 

Santa sample, two extra comparisons were undertaken: M1 (adults) versus M1 

(subadults) and M2 (adults) versus M2 (subadults). The final age of the specimen is the 

average of these five comparisons. Miles (1963) observed that the rate of wear is not the 

same between the molars. He established the rate of 6, 6.5 and 7 for M1, M2 and M3, 

respectively. These rates mean that the amount of wear in the M1 after 6 years is the 

same of the wear found in M2 in 6.5 years and in M3 in 7 years. Accordingly, M3 is the 

tooth with the smallest rate of wear, while M1 has the fastest wear. These corrections 

were incorporated in this work. The concept of functional age (Fa) is essential in this 

method, because the calculations depend on the number of years in which the tooth was 

exposed in the mouth. According to Miles (1963), a reasonable estimation of the age of 

eruption of M1, M2 and M3 is 6, 12 and 18 years old, respectively.  
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The first step of this method is making a regression between Fa of M1s from 

subadults (dependent variable) with degree of wear of these same teeth (independent 

variable). The results are showed in the Table A-5 and Figure A-1. The cubic regression 

is the one that best fits in these data. The curved distribution might be the result of the 

Scott’s scoring method, since their degrees are discrete units. However, among the 

available scoring methods, Scott is the closest to a continuous variable, as can be seen by 

the approximate linear distribution of the Figure A-1. The next step is using the 

parameters estimated by the cubic regression to calculate the unknown ages of the adults. 

In this case, we use the M2 tooth wear of the adults as the dependent variables, obtaining 

the Fa of the adults. The final age is then calculated summing 12 years to the Fa of M2 

plus the correction factor  (Cf) of the rates of wear of M2 and M1 (12+Fa+Cf = estimated 

age). The maximum degree of M2 wear used in this first round estimation was the wear 

21. This number is the highest degree of wear of M1 for subadults. In that sense, this 

analysis does not extrapolate the regression estimation beyond the limits of the original 

data. The same logic above was applied to the comparisons between M3 and M1. The 

comparison between M1 (adults) and M1 (subadults) has the only difference of not 

including the correction factor (Cf) of rates of wear, applied only to different tooth types. 

All the computations here were made using at least 10 decimals cases. Rounding numbers 

was avoided because it can cause large differences in the final age.  
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Figure A-1: Cubic regression using M1 from 29 subadults (under 20 years old) from 

Lagoa Santa. 

 

 

Equation 
Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant b1 b2 b3 

Cubic 0.644 15.046 3 25 0 -10.08 3.315 -0.207 0.005 

 

Table A-5: Statistics summary of the cubic regression of M1 using 29 subadults. 

 

 

The comparison between M2 (subadults) with M3 (adults) required a new 

regression between Fa of M2 (dependent) and M2 tooth wear (independent) of subadults. 

The results were depicted in the Figures A-2 and Table A-6. The maximum value of M3 
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wear used in this first round estimation was the wear 17, since we do not extrapolate 

beyond the original subadult values. The same procedure used for the M1 comparison 

was undertaken again. The comparison between M2 (adult) and M2 (subadult) does not 

include the correction factor as well. 

 

 

 
 

Figure A-2: Cubic regression using M2 from 20 subadults (under 20 years old) from 

Lagoa Santa. 
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Equation 
Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant b1 b2 b3 

Cubic 0.408 3.681 3 16 0.034 -2.750 1.305 -0.084 0.002 

 

Table A-6: Statistics summary of the cubic regression of M2 using 20 subadults.  

 

 

After completing the first round, Fa’s obtained from the adults in the first round 

were included to the subadult baseline. This procedure increases the sample size, 

allowing the inclusion of more worn teeth from unknown-age adults. Individuals with at 

least one estimative of age were included in the baseline of the M1. Figure A-3 and Table 

A-7 show the regression using the baseline data (29 subadults) plus the adults with age 

estimation obtained from the first round (40 adults). The cubic regression is the function 

that best explain the results, even though it is very close to a linear regression. The 

maximum degree of wear of the M1 baseline is 35, which was enough to undertake all 

the comparisons with M2 and M3 of the unknown-age adults. The comparison between 

M1 (baseline) versus M1 (adults), however, included three values of wear slightly higher 

than 35. This procedure was adopted to avoid a third round of analysis. 
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Figure A-3: Cubic regression using M1 from 29 subadults and 40 adults from Lagoa 

Santa. 

 

 

Equation 
Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant b1 b2 b3 

Cubic 0.860 132.668 3 65 0.00 -2.214 0.953 -0.007 4.622E-5 

 

Table A-7: Statistics summary of the cubic regression of M1 using 29 subadults and 

40 adults.  
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The composition of the baseline of the second round for M2 includes 20 subadults 

plus 49 adults. It is important to highlight that the Fa’s of the adults included in the 

regression are from the comparisons both of round one and of the round two using M1’s 

wear. In other words, we include the Fa’s resulted from all the previous analyses. The 

cubic regression is still the best function to explain the relation between Fa’s and tooth 

wear (Figure A-4 and Table A-8). The maximum degree of wear of the M2 baseline is 32, 

which was enough to undertake the comparisons with M2 and M3 of the unknown-age 

adults.  

Finally, the age estimations for the five comparisons were averaged resulting in 

the final age estimation of the individuals.   
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Figure A-4: Cubic regression using M2’s from 20 subadults and 49 adults from 

Lagoa Santa. 

 

 

 

Equation 
Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant b1 b2 b3 

Cubic 0.932 297.512 3 65 0.00 .652 0.117 0.033 0.00 

 

 

Table A-8: Statistics summary of the cubic regression of M2 using 20 subadults and 

49 adults.  
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Appendix B – Case by case 
 

Infectious disease 
 

Isolated tibiae 
 

HW-606 – Small callus in the posterior side of the distal extremity of a left tibia. The 

lesion is healed. The lack of active infection and the restricted size of the lesion 

characterized the lowest score of the infection (grade 2). The lesion could be caused by a 

trauma, but the lack of deformation or break precludes us to have a positive diagnose of 

trauma.   

HW-619, HW-644 – The 644 specimen shows marked striations, but with no callus 

associated. In turn, the 619 specimen show superficial bone growth with a mark of 

accentuated vascularization engraved in the posterior surface. Both specimens were 

scored as the least grade of infection (grade 2).  

HW-626, HW-658 – These two right tibias show callus associated with pronounced 

striation on the surface of the bone. It is hard to tell whether these striations represent the 

end of a healing process or the beginning of an infection. The specimen 626 shows two 

callus (Figure B-1). The first one is in the posterior midshaft and the second one is in the 

lateral of the tibia close to the distal epiphysis. The specimen 658 has a callus at the same 

midshaft location, but it is not so pronounced as the previous specimen. Also, marked 
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striations are found on the callus. These both specimens were scored as the least degree 

of infection (grade 2). The cause of those infections might be a trauma, but the lack of 

point of impact, bone deformation or unhealed break preclude us to diagnose them as 

trauma related.  

 

 

 

Figure B-1: Right tibia with pronounced striation in the shaft (HW-626) 

 

 

HW-628 – Callus in the midshaft of a left tibia. Lesion shows a moderate involvement of 

the shaft occupying an area smaller than 50 percent of the bone, characterizing the degree 

3 of infection. The lesion is healed. This bone callus could be related to a trauma, but 
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there is a clear similarity with the infection case of SR1-SepVIIia (see below). In 

addition, there is no sign of break or bone disruption (Figure B-2). 

 

 

 

Figure B-2: Left tibia with a healed infection in the shaft (HW-628) 

 

 

MN-627a – This specimen shows marked striations in the midshaft associated with a 

callus and slight superficial bone growth in the distal part of the bone. The lesions seem 

to be mostly healed. The cause of the infection might be a trauma, but there is no enough 

evidence to have a positive diagnosis about that. This specimen was scored as grade 2 of 

infection (Figure B-3). 
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Figure B-3: Tibia with marked striations in the shaft (MN-627a). 

 

 

Isolated ulna 
 

HW-2561 – Distal half of a right Ulna with a callus in the posterior side (15 mm long). 

The infection is healed and there is no sign of break or deformation indicating a trauma 

origin. This lesion was characterized as degree 2 of infection. 
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Individuals 
 

SR1-SepVIIia – This individual shows a pronounced callus in the shaft of both tibias 

(Figure B-4). There are signs of healed infection on the callus of the proximal part of 

right tibia, but at the distal part of the right tibia and along the shaft of the fibula we see 

active infection. Left tibia shows a callus with signs of healed bone infection. There is no 

active infection in both left tibia and fibula. The remaining of the skeleton is represented 

only by a right humerus and femur, pelvic bone and fragments of cranium and maxilla. 

There is no sign of lesion in bones other than the ones from the lower leg. Due to the 

bilateral lesion in the tibia, there is a possibility of a treponematosis infection. Tibia and 

fibula are the most common bones affected in this disease. In addition, the saber shin is a 

typical morphology of the infected tibia, being characterized by a curved shaft. However, 

due to the presence of a discrete bump in the tibiae, we better characterize this case as 

pseudo-bowing. On the other hand, these lesions, such as the treponemal ones, do not 

show cloaca or sequestrum. The typical pattern of bony bridge of treponematosis is found 

on the surface of the right tibia (Figure B-5). Unfortunately, the skeleton is not complete, 

and there is no other sign of infection in the remaining bones. Lesions diagnostic of 

trepanematosis are absent such as caries sicca in the skull and snail-track pattern on the 

long bones (Ortner, 2003). This skeleton was scored as a tibia infection grade 4 and as a 

systemic infection. There is another case of bowed left tibia of a subadult in the Harold 

Walter collection (HW-727; Figure B-6). Although the bone is not complete, this is a 

case of true bowing due to the actual curvature of the whole shaft. However, the 
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fragmented nature of the bone, the lack of the remaining skeleton and the absence of 

infection marks preclude us to score this case as an infection. A second case is the left 

tibia labeled HW-628 (see above). That case is much more similar to the case described 

here, but the lesion is completely healed and the size of the bump is smaller.  

 

 

 

Figure B-4: Bowed left and right tibias of the burial SR1-SepVIIia compared with a 

non-pathological case from Santana do Riacho. 
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Figure B-5: Bony bridge lesions on the surface of the left tibia of the burial SR1-

SepVIIia. 
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Figure B-6: Bowed left tibia of a subadult from the Harold Walter collection (HW-

727). 

 

 

SR1-SepXI – This individual is a subadult estimated to be 5-6 years old. A localized bone 

growth was found in the left tibia and femur, being classified as degree 2 of infection 

(Figure B-7). The surfaces of the bones are polished probably due to taphonomic factors. 

This individual was scored as having a tibia infection and also a systemic infection, since 

more than one bone is affected (tibia and femur). Interestingly, this individual shows a 

combination of cribra orbitalia in both orbits and defective enamel formation of the 

deciduous teeth. 
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Figure B-7: Periosteal lesion in the left femur of the subadult burial SR1-SepXI.  

 

 

SR1-SepIX - This individual shows a healed infection in the medial part of the proximal 

right tibia (Figure B-8). Although the lesion is mostly healed, there are clear signs of 

superficial bone deformation including two depressions possibly from cloacae. The 

infection is located close to insertion of muscles and ligaments, such as the patellar 

ligament and pes anserinus. The tibial tuberosity, for example, shows a high score of 

muscle mark affection, raising the possibility of muscle insertion inflammation as a cause 
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of the infection. Although this infection is localized and mostly healed, it was scored as a 

grade 3 infection, because the medullar cavity seemed to be affected in some extent. 

 

 

    

Figure B-8: Healed infection in the medial part of the proximal right tibia from the 

burial SR1-SepIX. 

 

 

SR1-SepII – This individual shows a localized infection in one rib. Unfortunately, that rib 

is fragmented, precluding us to know the exact extent of the infection. It was scored as a 
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localized infection grade 2. This individual also showed an infection in the maxillar 

sinus. However, this lesion is adjacent to abscesses located at the superior dentition. That 

lesion was not recorded, because this investigation is not scoring socket lesions in the 

category “infection”.  

 

 

 

Figure B-9: Localized infection in the rib from burial SR1-SepII. 

 

 

MN-1319/1335/1341/1342/1356 – This individual shows a localized infection in the right 

clavicle. There is no sign of trauma. The infection is restricted to less than 25 % of the 
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bone surface and there is no sign of medullar affection. The infection as scored as grade 2 

(Figure B-10). 

 

 

 

Figure B-10: Localized infection in the right clavicle from the individual MN-

1319/1335/1341/1342/1356. 

 

 

MN-1345/1364/1372/1382 – Individual show a large healed infection in the left ilium 

above the border of the acetabulum at the posterior side. This skeleton was diagnosed as a 

female with more than 50 years old. The infection in the pelvic region might be caused 

by complications of giving birth. Another possibility is complications associated to 

partial fusion of L5 and sacrum. There is a marked bone remodeling in the ala of sacrum 

which should be caused by that partial fusion (Figure B-11). The pelvic bone infection 

was scored as a localized infection. 
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Figure B-11: Marked bone remodeling in the ala of sacrum from individual MN-

1345/1364/1372/1382. 

 

 

MN-1329/1370 – This individual show an infection in the left clavicle (Figure B-12) and 

in one rib at the costochondral joint (Figure B-13). There are some evidences of a 

shoulder complication in this skeleton: The lateral left epiphyses of the clavicle is 

degenerated, there is a depression at the rim of the glenoid fossa at the posterior side of 

the scapula where shoulder ligaments are attached, and there is a cortical defect in the left 

clavicle shaft underneath the subsclavicus muscle. These evidences might be caused by a 

trauma, but there is no conclusive evidence of bone break or dislocation. On the other 

hand, although the rib infection might be associated to a trauma, it is hard to positively 
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make this association without the observation of a rib trauma. Therefore, this skeleton 

was scored as having a systemic infection affecting the rib and the left clavicle. 

 

 

  

Figure B-12: Infection in the left clavicle compared with the normal clavicle for the 

burial MN-1329/1370. 
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Figure B-13: Infection in the rib at the costochondral joint in the burial MN-

1329/1370. 

 

 

Inter-observer analysis 
 

Cornero (2005) searched for infections in the Santana do Riacho collection. She 

found the same infection lesions that this investigation in the following skeletons: SepII 

(rib), SepVIIia/c (tibiae and right fibula) and SepIX (right tibia). However, she observed 

an infection in the right tibia of the SepXV which was not observed in this investigation. 

Actually, the SepXV does not have tibiae, while there is an infection in the SepVIi which 

was not reported in Cornero (2005). There is the possibility that either she reported the 

wrong burial number in her thesis or the tibia was moved from burial XV to VIi. The 
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infection on the right tibia of Sep VIi was not described here because the skeleton was 

not counted in this analysis due to low representativeness of bones. In addition, this 

investigation reported a subadult case of systemic infection in the SepXI. Cornero (2005) 

mentions a case in a subadult, but she does not give the burial number or the description 

of the lesion. It is possible that it refers to the SepXI. Finally, she describes an infection 

of the maxilla in the SepII and the vertebrae of SepXV. Both infections were observed in 

this investigation but were excluded from the analyses because they are understood here 

as caused by dental abscess and compression trauma of the vertebrae. Some of the cases 

of infections are not described here because the skeletons did not pass the criterion of 

representativeness established for this investigation. These cases are the Sep Vb (left 

fibula), VIi (right tibia) and XVIb (ribs). The infection on the left fibula of SepVb was 

the only one observed by Cornero. 

 

Traumas in the head 
 

 

HW-1 

The Figure B-14 shows a depression of 7 mm in the left parietal of this skull. There is no 

cracks indicating fresh bone fracture, but the smooth borders of the trauma indicate injury 

antemortem with some degree of healing. The dimension of the injury should not be 

sufficient to kill the individual. This skeleton was sexed as a female and aged between 20 

and 35 years old. 
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Figure B-14: Depression injury in the left parietal of the specimen HW-1. 

 

 

HW-5 

The Figure B-15 shows a well-healed nasal fracture in this skull. The blow seems to be 

made from left to the right side of the individual affected. In addition, there are two large 

depressions in the frontal of this individual. There is no cracks indicating fresh bone 

fracture, but the dimensions of the depressions indicate a well-healed injury. The nasal 

fracture and the frontal injuries seem to be compatible with a single trauma caused by a 
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blow from the left to the right side of the individual affected. This skeleton was sexed as 

a female and aged between 35 and 50 years old. 

 

 

 

 

Figure B-15: Healed nasal fracture in the specimen HW-5. 

 

 

HW-27 

The Figure B-16 shows a depression of 6 mm in the left parietal of this skull. There is no 

cracks indicating fresh bone fracture, but the smooth borders of the trauma indicate injury 

antemortem with some degree of healing. The porosity in the region of the injury 
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indicates some bone remodeling during the healing process. The dimension of the injury 

should not be sufficient to kill the individual. This skeleton was sexed as a male and aged 

between 20 and 35 years old. 

 

 

 

 

Figure B-16: Depression injury in the left parietal of the specimen HW-1. 

 

 

HW-EXP-1 

The Figure X shows a perimortem fracture in the left parietal of this skull. The long 

depression below the main crack of the bone seems to be originated from an instrument 

that pierced the bone from the bottom to the top of the skull. The injury should be related 
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to the cause of death of the individual. This skeleton was sexed as a male and aged 

between 20 and 35 years old. 

 

 

 

 

Figure B-17: Perimortem fracture in the left parietal of the specimen HW-EXP-1. 

 

 

HW-35  

The Figure X shows a depression of 4 mm in the left region of the frontal bone. There is 

no cracks indicating fresh bone fracture, but the smooth borders of the trauma indicate 

injury antemortem with some degree of healing. The porosity in the region of the injury 
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indicates some bone remodeling during the healing process. The dimension of the injury 

should not be sufficient to kill the individual. The injury is very similar to the HW-27 

skull. This skeleton was not sexed and aged as an adult. 

 

 

 

 

Figure B-18: Depression injury in the frontal bone of the specimen HW-35. 

 

 

SR1-SepIVb 

The Figure B-19 shows a perimortem fracture in the right parietal of this skull. There are 

radial cracks in the anterior part of the injury, indicating fresh bone fracture. In addition 

the endocranial surface shows oblique breaks indicating that the blow came from outside. 
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Probably the cause of the blow was blunt instrument, being applied from the back of the 

individual affected. The injury should be related to the cause of death of the individual. 

This skeleton is an infant aged between two and three years old. 

 

 

 

 

Figure B-19: Perimortem fracture in the right parietal of the specimen SR1-SepIVb. 
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Appendix C - Raw data 
 

Oral health 
 

Dental caries 
 

 

Site name Collection number Sex Age Teeth  Affected  % 

Boleiras Bl-SepIII - 12 19 1 5.26 

Boleiras Bl-SepIV - 7-9 4 1 25.00 

Boleiras 1390/1391 2 45-60 1 1 100.00 

Cerca Grande 1319/1335/1341/ 
1342/1356 

1 35-50 9 1 11.11 

Cerca Grande 1332 - Adulto 18 5 27.78 

Cerca Grande 1383 2 - 8 4 50.00 

Cerca Grande 1359/1366/1394/1397/ 
1399/ 

1397/1399/1399 

2 35-50 1 0 0.00 

Cerca Grande 1355 1 30-40 11 1 9.09 

Cerca Grande 1379 2 20-30 12 0 0.00 

Cerca Grande 1373 - 10-18 6 0 0.00 

Cerca Grande 1350 - Adulto 5 0 0.00 

Cerca Grande 1362 - 12-18 21 2 9.52 

Cerca Grande 1349 1 30-40 3 0 0.00 

Cerca Grande 1339 - 9 7 1 14.29 

Cerca Grande 1340 - 9 8 0 0.00 

Cerca Grande 1325 2 25-40 13 0 0.00 

Harold Walter HW-1 1 25-40 6 0 0.00 

           Continued 

Figure C-1: Prevalence of caries by individual/fragment. 
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Figure C-1 continued       

Site name Collection number Sex Age Teeth  Affected  % 

Harold Walter HW-4 1 15 25 0 0.00 

Harold Walter HW-5 2 35-50 11 4 36.36 

Harold Walter HW-6 - 18 12 0 0.00 

Harold Walter HW-8 - 7 2 0 0.00 

Harold Walter HW-10 - 25-40 3 0 0.00 

Harold Walter HW-12 - 15 26 2 7.69 

Harold Walter HW-13 1 40-55 6 3 50.00 

Harold Walter HW-24 - 15 2 0 0.00 

Harold Walter HW-55 - 15-18 17 3 17.65 

Harold Walter HW-2501 - Adulto 4 0 0.00 

Harold Walter HW-77 - Adulto 2 0 0.00 

Harold Walter HW-74 - 10-15 2 0 0.00 

Harold Walter HW-139 - 11-15 5 0 0.00 

Harold Walter HW-75 - Adulto 3 0 0.00 

Harold Walter HW-123 - Adulto 7 0 0.00 

Harold Walter HW-73 - 7 1 0 0.00 

Harold Walter HW-2499 - 7 2 0 0.00 

Harold Walter HW-152 - Adulto 2 0 0.00 

Harold Walter HW-2509 - 20-30 5 0 0.00 

Harold Walter HW-150 - Adulto 1 0 0.00 

Harold Walter HW-151 - Adulto 2 0 0.00 

Harold Walter HW-2519 - 12-18 3 0 0.00 

Harold Walter HW-85 - Adulto 1 0 0.00 

Harold Walter HW-80 - Adulto 1 0 0.00 

Harold Walter HW-84 - Adulto 2 0 0.00 

Harold Walter HW-76 - Adulto 2 0 0.00 

Harold Walter HW-140 - Adulto 3 0 0.00 

Harold Walter HW-2495 - Adulto 13 0 0.00 

Harold Walter HW-2511 - 7 1 0 0.00 

Harold Walter HW-2494 - Adulto 7 0 0.00 

Harold Walter HW-120 - Adulto 1 0 0.00 

Harold Walter HW-63 - Adulto 5 0 0.00 

Harold Walter HW-129 - Adulto 3 0 0.00 

Harold Walter HW-122 - Adulto 3 0 0.00 

Harold Walter HW-135 - 7-8 2 0 0.00 

Harold Walter HW-119 - Adulto 14 1 7.14 

              Continued 
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Table C-1 continued 

Site name Collection number Sex Age Teeth  Affected  % 

Harold Walter HW-2508 - 15-20 4 0 0.00 

Harold Walter HW-2500 1 Adulto 7 0 0.00 

Harold Walter HW-81 1 Adulto 2 0 0.00 

Harold Walter HW-2502 - 15-20 3 1 33.33 

Harold Walter HW-2503 1 Adulto 4 0 0.00 

Harold Walter HW-142 - 12-18 3 0 0.00 

Harold Walter HW-143 - Adulto 3 0 0.00 

Harold Walter HW-78 1 15-20 1 0 0.00 

Harold Walter HW-137 - 15-20 7 0 0.00 

Harold Walter HW-2493 - Adulto 29 4 13.79 

Harold Walter HW-57 1 15-21 9 1 11.11 

Harold Walter HW-2506 - Adulto 7 0 0.00 

Harold Walter HW-EXP-1 1 25-35 26 3 11.54 

Harold Walter HW-25014* - Adulto 1 0 0.00 

Harold Walter HW-56 - Adulto 5 0 0.00 

Harold Walter HW-126 - Adulto 11 0 0.00 

Harold Walter HW-60 1 Adulto 7 0 0.00 

Harold Walter HW-58 - Adulto 2 1 50.00 

Harold Walter HW-59 - Adulto 1 0 0.00 

Harold Walter HW-62 - Adulto 2 1 50.00 

Harold Walter HW-2498 2 Adulto 7 1 14.29 

Harold Walter HW-66 - Adulto 2 0 0.00 

Harold Walter HW-72 - Adulto 4 0 0.00 

Harold Walter HW-118 - Adulto 2 0 0.00 

Harold Walter HW-2507 - Adulto 5 0 0.00 

Harold Walter HW-2496 - Adulto 6 1 16.67 

Harold Walter HW-291 - 30-40 4 0 0.00 

Harold Walter HW-292 - 10 4 0 0.00 

Harold Walter HW-293 2 20-30 2 0 0.00 

Harold Walter HW-294 1 30-50 5 1 20.00 

Harold Walter HW-295 2 25-40 6 0 0.00 

Harold Walter HW-2640 - 15 9 0 0.00 

Lapa da Amoreira 815a - Adulto 2 0 0.00 

Lapa da Amoreira 815f - Adulto 7 0 0.00 

Lapa da Amoreira 813a - Adulto 3 0 0.00 

Lapa da Amoreira 907 1 Adulto 1 0 0.00 

               Continued 
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Table C-1 continued 

Site name Collection number Sex Age Teeth  Affected  % 

Lapa de Carrancas 630 1 Adulto 16 0 0.00 

Lapa de Carrancas 627c - Adulto 3 1 33.33 

Lapa de Carrancas 627e - Adulto 1 0 0.00 

Lapa de Carrancas 627f - Adulto 2 0 0.00 

Lapa de Carrancas 627g - Adulto 1 0 0.00 

Lapa de Carrancas 627h - Adulto 2 1 50.00 

Lapa de Carrancas 627k - Adulto 2 0 0.00 

Lapa do Santo St-SepI 1 35-50 26 1 3.85 

Lapa do Santo St-SepX 2 Adulto 15 6 40.00 

Lapa do Santo St-SepXV 1 35-45 29 1 3.45 

Lapa do Santo St-SepXXI 1 40-50 28 0 0.00 

Lapa do Santo St-SepXXII 1 30-40 26 0 0.00 

Lapa do Santo St-SepXXIV - 25-40 22 2 9.09 

Lapa do Santo St-SepXXVI 1 30-40 32 3 9.38 

Santana do Riacho SR1-SepII 1 35-50 2 0 0.00 

Santana do Riacho SR1-SepIII 2 20-25 7 3 42.86 

Santana do Riacho SR1-SepVa 2 15-25 27 4 14.81 

Santana do Riacho SR1-SepVb 1 30-40 1 0 0.00 

Santana do Riacho SR1-SepVIIs - 10-15 4 0 0.00 

Santana do Riacho SR1-SepX - 13 20 2 10.00 

Santana do Riacho SR1-SepVIIIa 1 25-35 5 0 0.00 

Santana do Riacho SR1-SepXIII 2 25-40 1 1 100.00 

Santana do Riacho SR1-SepXVIa - 10-15 2 0 0.00 

Santana do Riacho SR1-SepXIXb - 4-7 2 1 50.00 

Santana do Riacho SR1-SepXXII - 15 13 0 0.00 

Santana do Riacho SR1-SepXXIV - 35-50 4 0 0.00 

Isolated teeth - - - 68 2 2.94 
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Abscess  
 

 

Site name 
Collection 
number 

Sex Age Alveoli  
Minimum 
Affected  

Maximum 
Affected  

Boleiras Bl-SepIII - 12 11 0 0 

Boleiras 1390/1391 2 45-60 1 0 0 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 35-50 11 0 0 

Cerca Grande 1332 - Adulto 23 4 6 

Cerca Grande 1380 1 40-50 7 1 4 

Cerca Grande 1383 2 - 6 0 3 

Cerca Grande 1355 1 30-40 11 0 0 

Cerca Grande 1349 1 30-40 9 1 1 

Cerca Grande 
1359/1366/1384/ 

1387/1388/ 
1397/1398/1399 

2 35-50 7 0 3 

Cerca Grande 1362 - 12-18 9 0 0 

Cerca Grande 1340 - 8 5 0 0 

Cerca Grande 1325 2 25-40 13 0 0 

Harold Walter HW-1 1 25-40 13 0 0 

Harold Walter HW-4 1 15 28 0 0 

Harold Walter HW-5 2 35-50 15 2 2 

Harold Walter HW-6 - 18 14 0 0 

Harold Walter HW-9 1 50-60 4 2 2 

Harold Walter HW-10 - 25-40 2 0 0 

Harold Walter HW-12 - 15 28 0 0 

Harold Walter HW-13 1 40-55 4 1 1 

Harold Walter HW-24 - 15 10 0 0 

Harold Walter HW-25 1 Adulto 7 0 0 

Harold Walter HW-28 1 25-40 5 0 0 

Harold Walter HW-55 - 15-18 18 0 0 

Harold Walter HW-2501 - Adulto 4 4 4 

Harold Walter HW-90 - Adulto 9 4 4 

Harold Walter HW-77 - Adulto 2 0 0 

           Continued 

Table C-2: Prevalence of minimum and maximum abscesses by individual/fragment.  
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Table C-2 continued 

Site name 
Collection 
number 

Sex Age Alveoli 
Minimum 
Affected 

Maximum 
Affected 

Harold Walter HW-100 - Adulto 2 0 0 

Harold Walter HW-105 1 Adulto 4 0 0 

Harold Walter HW-74 - 10-15 2 0 0 

Harold Walter HW-139 - 11-15 5 0 0 

Harold Walter HW-148 - Adulto 3 0 0 

Harold Walter HW-109 - Adulto 5 0 0 

Harold Walter HW-75 - Adulto 5 0 0 

Harold Walter HW-130 - Adulto 9 1 2 

Harold Walter HW-123 - Adulto 16 1 1 

Harold Walter HW-73 - 7 1 0 0 

Harold Walter HW-2499 - 7 2 0 0 

Harold Walter HW-152 - Adulto 2 0 0 

Harold Walter HW-2509 - 20-30 4 0 0 

Harold Walter HW-95 - Adulto 8 1 1 

Harold Walter HW-150 - Adulto 1 1 1 

Harold Walter HW-116 - Adulto 3 0 0 

Harold Walter HW-114 - Adulto 4 2 2 

Harold Walter HW-149 - Adulto 2 0 0 

Harold Walter HW-115 - Adulto 3 0 0 

Harold Walter HW-151 - Adulto 3 0 0 

Harold Walter HW-2519 - 12-18 4 0 0 

Harold Walter HW-85 - Adulto 2 0 0 

Harold Walter HW-80 - Adulto 4 1 1 

Harold Walter HW-84 - Adulto 2 0 0 

Harold Walter HW-87 - Adulto 3 1 1 

Harold Walter HW-91 - 18-30 12 0 0 

Harold Walter HW-131 - Adulto 8 2 5 

Harold Walter HW-103 1 Adulto 7 0 0 

Harold Walter HW-76 - Adulto 3 0 0 

Harold Walter HW-140 - Adulto 5 1 1 

Harold Walter HW-2495 - Adulto 8 0 0 

Harold Walter HW-2511 - 7 1 0 0 

Harold Walter HW-2494 - Adulto 7 0 0 

Harold Walter HW-120 - Adulto 7 1 5 

Harold Walter HW-63 - Adulto 9 6 6 

         Continued 
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Table C-2 continued 

Site name 
Collection 
number 

Sex Age Alveoli 
Minimum 
Affected 

Maximum 
Affected 

Harold Walter HW-129 - Adulto 10 0 0 

Harold Walter HW-67 - Adulto 6 1 1 

Harold Walter HW-104 1 Adulto 4 1 2 

Harold Walter HW-122 - Adulto 6 0 0 

Harold Walter HW-135 - 7-8 2 0 0 

Harold Walter HW-119 - Adulto 14 0 0 

Harold Walter HW-2508 - 15-20 6 0 0 

Harold Walter HW-2500 1 Adulto 8 0 0 

Harold Walter HW-81 1 Adulto 2 0 0 

Harold Walter HW-2502 - 15-20 4 0 0 

Harold Walter HW-2503 1 Adulto 7 0 0 

Harold Walter HW-142 - 12-18 3 0 0 

Harold Walter HW-143 - Adulto 2 0 0 

Harold Walter HW-78 1 15-20 10 0 0 

Harold Walter HW-70 1 Adulto 7 0 0 

Harold Walter HW-127 - Adulto 8 0 1 

Harold Walter HW-121 - Adulto 9 0 3 

Harold Walter HW-125 - Adulto 4 1 1 

Harold Walter HW-137 - 15-20 7 0 0 

Harold Walter HW-2493 - Adulto 10 0 0 

Harold Walter HW-57 1 15-21 13 0 0 

Harold Walter HW-2506 - Adulto 11 0 0 

Harold Walter HW-EXP-1 1 25-35 26 0 0 

Harold Walter HW-25014* - Adulto 1 0 0 

Harold Walter HW-56 - Adulto 10 0 0 

Harold Walter HW-126 - Adulto 6 0 0 

Harold Walter HW-60 1 Adulto 10 0 0 

Harold Walter HW-58 - Adulto 13 3 5 

Harold Walter HW-59 - Adulto 15 0 0 

Harold Walter HW-2505 1 Adulto 5 2 2 

Harold Walter HW-62 - Adulto 11 2 6 

Harold Walter HW-2498 2 Adulto 15 3 4 

Harold Walter HW-72 - Adulto 4 0 0 

Harold Walter HW-65 - Adulto 8 0 3 

Harold Walter HW-2507 - Adulto 5 0 0 

       Continued 
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Table C-2 continued 

Site name 
Collection 
number 

Sex Age Alveoli 
Minimum 
Affected 

Maximum 
Affected 

Harold Walter HW-291 - 30-40 13 0 3 

Harold Walter HW-292 - 10 12 0 0 

Harold Walter HW-293 2 20-30 12 2 2 

Harold Walter HW-294 1 30-50 11 4 6 

Harold Walter HW-295 2 25-40 14 1 1 

Harold Walter HW-2640 - 15 14 0 0 

Lapa da Amoreira 927 - Adulto 6 0 0 

Lapa da Amoreira 821 - Adulto 6 0 3 

Lapa da Amoreira 815a - Adulto 2 0 0 

Lapa da Amoreira 815b - Adulto 3 1 1 

Lapa da Amoreira 815c - Adulto 2 1 2 

Lapa da Amoreira 815d - Adulto 2 0 0 

Lapa da Amoreira 815e - 15 5 0 0 

Lapa da Amoreira 815f - Adulto 10 0 0 

Lapa da Amoreira 813a - Adulto 11 0 0 

Lapa da Amoreira 813b - Adulto 12 0 0 

Lapa da Amoreira 822 - Adulto 10 1 1 

Lapa da Amoreira 907 1 Adulto 27 0 0 

Lapa da Amoreira 818 - Adulto 3 0 0 

Lapa de Carrancas 630 1 Adulto 25 0 0 

Lapa de Carrancas 629 1 Adulto 4 0 3 

Lapa de Carrancas 627a - Adulto 11 0 0 

Lapa de Carrancas 627c - Adulto 12 1 1 

Lapa de Carrancas 627e - Adulto 9 0 0 

Lapa de Carrancas 627f - Adulto 5 0 0 

Lapa de Carrancas 627g - Adulto 5 0 0 

Lapa de Carrancas 627h - Adulto 4 0 0 

Lapa de Carrancas 627j - Adulto 6 0 0 

Lapa de Carrancas 627k - Adulto 1 0 0 

Lapa do Santo St-SepI 1 35-50 24 4 4 

Lapa do Santo St-SepX 2 Adulto 12 0 0 

Lapa do Santo St-SepXV 1 35-45 27 6 8 

Lapa do Santo St-SepXVIIa 1 20-30 30 0 0 

Lapa do Santo St-SepXXI 1 40-50 28 7 8 

Lapa do Santo St-SepXXII 1 30-40 28 0 0 

             Continued 
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Table C-2 continued 

Site name 
Collection 
number 

Sex Age Alveoli 
Minimum 
Affected 

Maximum 
Affected 

Lapa do Santo St-SepXXVI 1 30-40 32 0 0 

Lapa Mortuaria 928 1 Adulto 5 0 0 

Santana do Riacho SR1-SepII 1 35-50 4 0 0 

Santana do Riacho SR1-SepIII 2 20-25 20 0 0 

Santana do Riacho SR1-SepVa 2 15-25 27 0 0 

Santana do Riacho SR1-SepVb 1 30-40 12 2 2 

Santana do Riacho SR1-SepIX 2 50+ 4 0 3 

Santana do Riacho SR1-SepVIIia 2 30-45 8 0 0 

Santana do Riacho SR1-SepX - 13 27 0 0 

Santana do Riacho SR1-SepVIIIa 1 25-35 4 0 0 

Santana do Riacho SR1-SepXXII - 15 7 0 0 
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Antemortem tooth loss 
 

 

Site name Collection number Sex Age Alveoli  Lost  % 

Boleiras Bl-SepIII - 12 16 0 0.00 

Boleiras 1390/1391 2 45-60 1 0 0.00 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 20-35 13 0 0.00 

Cerca Grande 1332 - Adulto 32 4 12.50 

Cerca Grande 1380 1 40-50 16 5 31.25 

Cerca Grande 1383 2 - 22 9 40.91 

Cerca Grande 
1358/1366/1384/ 
1387/1388/1397/ 

1398/1399 
2 35-50 16 3 18.75 

Cerca Grande 1355 1 30-40 16 1 6.25 

Cerca Grande 1379 2 19 12 0 0.00 

Cerca Grande 1350 - 19 6 0 0.00 

Cerca Grande 1349 1 30-40 16 0 0.00 

Cerca Grande 
SI A6B TH-I Q3 N4 E2 

(1369?) 
- 

40-
50** 

16 6 37.50 

Cerca Grande 1362 - 12-18 9 0 0.00 

Cerca Grande 1340 - 8 8 0 0.00 

Cerca Grande 1325 2 25-40 16 0 0.00 

Harold Walter HW-1 1 25-40 16 0 0.00 

Harold Walter HW-4 1 15 28 0 0.00 

Harold Walter HW-5 2 35-50 16 0 0.00 

Harold Walter HW-6 - 18 14 0 0.00 

Harold Walter HW-9 1 50-60 8 1 12.50 

Harold Walter HW-10 - 25-40 14 0 0.00 

Harold Walter HW-12 - 15 28 0 0.00 

Harold Walter HW-13 1 40-55 14 1 7.14 

Harold Walter HW-18 2 50+ 10 8 80.00 

Harold Walter HW-24 - 15 14 0 0.00 

Harold Walter HW-25 1 Adulto 15 1 6.67 

Harold Walter HW-28 1 25-40 6 0 0.00 

      Continued 

Table C-3: Prevalence of AMTL by individual/fragment.  
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Table C-3 continued 

Site name Collection number Sex Age Alveoli  Lost  % 

Harold Walter HW-55 - 15-18 21 0 0.00 

Harold Walter HW-2501 - Adulto 9 2 22.22 

Harold Walter HW-90 - Adulto 10 1 10.00 

Harold Walter HW-77 - Adulto 2 0 0.00 

Harold Walter HW-100 - Adulto 3 0 0.00 

Harold Walter HW-105 1 Adulto 8 0 0.00 

Harold Walter HW-74 - 10-15 2 0 0.00 

Harold Walter HW-139 - 11-15 5 0 0.00 

Harold Walter HW-88 - Adulto 10 1 10.00 

Harold Walter HW-109 - Adulto 6 0 0.00 

Harold Walter HW-75 - Adulto 5 0 0.00 

Harold Walter HW-96 1 Adulto 6 0 0.00 

Harold Walter HW-130 - Adulto 12 1 8.33 

Harold Walter HW-123 - Adulto 16 0 0.00 

Harold Walter HW-73 - 7 1 0 0.00 

Harold Walter HW-2499 - 7 2 0 0.00 

Harold Walter HW-152 - Adulto 4 0 0.00 

Harold Walter HW-2509 - 20-30 5 0 0.00 

Harold Walter HW-95 - Adulto 9 1 11.11 

Harold Walter HW-150 - Adulto 2 0 0.00 

Harold Walter HW-116 - Adulto 5 0 0.00 

Harold Walter HW-114 - Adulto 5 0 0.00 

Harold Walter HW-149 - Adulto 5 0 0.00 

Harold Walter HW-2515 1 Adulto 5 1 20.00 

Harold Walter HW-115 - Adulto 6 1 16.67 

Harold Walter HW-151 - Adulto 3 0 0.00 

Harold Walter HW-2519 - 12-18 4 0 0.00 

Harold Walter HW-85 - Adulto 3 1 33.33 

Harold Walter HW-71 - Adulto 6 3 50.00 

Harold Walter HW-80 - Adulto 4 0 0.00 

Harold Walter HW-84 - Adulto 2 0 0.00 

Harold Walter HW-87 - Adulto 13 8 61.54 

Harold Walter HW-144 - Adulto 8 0 0.00 

Harold Walter HW-91 - 18-30 13 0 0.00 

Harold Walter HW-131 - Adulto 14 4 28.57 

Harold Walter HW-103 1 Adulto 9 0 0.00 

       Continued 
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Table C-3 continued 

Site name Collection number Sex Age Alveoli  Lost  % 

Harold Walter HW-76 - Adulto 3 0 0.00 

Harold Walter HW-140 - Adulto 7 0 0.00 

Harold Walter HW-2495 - Adulto 16 0 0.00 

Harold Walter HW-2511 - 7 1 0 0.00 

Harold Walter HW-2494 - Adulto 8 0 0.00 

Harold Walter HW-120 - Adulto 13 0 0.00 

Harold Walter HW-63 - Adulto 13 2 15.38 

Harold Walter HW-129 - Adulto 15 1 6.67 

Harold Walter HW-108 - Adulto 7 3 42.86 

Harold Walter HW-67 - Adulto 16 3 18.75 

Harold Walter HW-104 1 Adulto 11 1 9.09 

Harold Walter HW-2504 - Adulto 6 3 50.00 

Harold Walter HW-122 - Adulto 8 0 0.00 

Harold Walter HW-135 - 7-8 2 0 0.00 

Harold Walter HW-119 - Adulto 15 0 0.00 

Harold Walter HW-2508 - 15-20 9 0 0.00 

Harold Walter HW-2500 1 Adulto 8 0 0.00 

Harold Walter HW-81 1 Adulto 6 1 16.67 

Harold Walter HW-89 - Adulto 8 8 100.00 

Harold Walter HW-2502 - 15-20 5 0 0.00 

Harold Walter HW-2503 1 Adulto 10 0 0.00 

Harold Walter HW-101 - Adulto 1 1 100.00 

Harold Walter HW-142 - 12-18 4 0 0.00 

Harold Walter HW-143 - Adulto 4 0 0.00 

Harold Walter HW-78 1 15-20 10 0 0.00 

Harold Walter HW-70 1 Adulto 9 0 0.00 

Harold Walter HW-127 - Adulto 15 0 0.00 

Harold Walter HW-121 - Adulto 14 1 7.14 

Harold Walter HW-125 - Adulto 8 0 0.00 

Harold Walter HW-137 - 15-20 9 0 0.00 

Harold Walter HW-2493 - Adulto 32 0 0.00 

Harold Walter HW-57 1 15-21 14 0 0.00 

Harold Walter HW-2506 - Adulto 12 0 0.00 

Harold Walter HW-EXP-1 1 25-35 32 0 0.00 

Harold Walter HW-25014* - Adulto 3 0 0.00 

Harold Walter HW-56 - Adulto 16 0 0.00 

       Continued 
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Table C-3 continued 

Site name Collection number Sex Age Alveoli  Lost  % 

Harold Walter HW-69 - Adulto 13 8 61.54 

Harold Walter HW-126 - Adulto 13 0 0.00 

Harold Walter HW-60 1 Adulto 14 0 0.00 

Harold Walter HW-58 - Adulto 16 0 0.00 

Harold Walter HW-59 - Adulto 16 0 0.00 

Harold Walter HW-2505 1 Adulto 11 0 0.00 

Harold Walter HW-62 - Adulto 14 0 0.00 

Harold Walter HW-2498 2 Adulto 16 0 0.00 

Harold Walter HW-66 - Adulto 16 10 62.50 

Harold Walter HW-72 - Adulto 5 0 0.00 

Harold Walter HW-118 - Adulto 14 3 21.43 

Harold Walter HW-65 - Adulto 13 2 15.38 

Harold Walter HW-2507 - Adulto 6 0 0.00 

Harold Walter HW-68 - Adulto 16 8 50.00 

Harold Walter HW-2496 - Adulto 15 0 0.00 

Harold Walter HW-291 - 30-40 14 0 0.00 

Harold Walter HW-292 - 10 12 0 0.00 

Harold Walter HW-293 2 20-30 16 0 0.00 

Harold Walter HW-294 1 30-50 13 1 7.69 

Harold Walter HW-295 2 25-40 16 0 0.00 

Harold Walter HW-2640 - 15 14 0 0.00 

Lapa da Amoreira 927 - Adulto 10 2 20.00 

Lapa da Amoreira 821 - Adulto 6 0 0.00 

Lapa da Amoreira 815a - Adulto 6 3 50.00 

Lapa da Amoreira 815b - Adulto 16 11 68.75 

Lapa da Amoreira 815c - Adulto 13 5 38.46 

Lapa da Amoreira 815d - Adulto 5 1 20.00 

Lapa da Amoreira 815e - 15 6 0 0.00 

Lapa da Amoreira 815f - Adulto 11 0 0.00 

Lapa da Amoreira 813a 
 

Adulto 13 2 15.38 

Lapa da Amoreira 813b - 15 14 0 0.00 

Lapa da Amoreira 822 - Adulto 11 0 0.00 

Lapa da Amoreira 907 1 Adulto 29 0 0.00 

Lapa da Amoreira 818 - Adulto 7 0 0.00 

Lapa da Amoreira 911 - Adulto 9 3 33.33 

Lapa de Carrancas 630 1 Adulto 28 0 0.00 

       Continued 
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Table C-3 continued 

Site name Collection number Sex Age Alveoli  Lost  % 

Lapa de Carrancas 629 1 Adulto 8 0 0.00 

Lapa de Carrancas 627a - Adulto 13 1 7.69 

Lapa de Carrancas 627b - 19 9 0 0.00 

Lapa de Carrancas 627c - Adulto 16 2 12.50 

Lapa de Carrancas 627d - Adulto 11 11 100.00 

Lapa de Carrancas 627e - Adulto 13 0 0.00 

Lapa de Carrancas 627f - Adulto 6 0 0.00 

Lapa de Carrancas 627g - Adulto 6 0 0.00 

Lapa de Carrancas 627h - Adulto 4 0 0.00 

Lapa de Carrancas 627j - Adulto 7 0 0.00 

Lapa de Carrancas 627k - Adulto 2 0 0.00 

Lapa do Santo St-SepI 1 35-50 31 2 6.45 

Lapa do Santo St-SepX 2 Adulto 17 0 0.00 

Lapa do Santo St-SepXV 1 35-45 32 2 6.25 

Lapa do Santo St-SepXVIIa 1 20-30 32 0 0.00 

Lapa do Santo St-SepXXI 1 40-50 31 3 9.68 

Lapa do Santo St-SepXXII 1 30-40 31 0 0.00 

Lapa do Santo St-SepXXVI 1 30-40 32 0 0.00 

Lapa Mortuaria 928 1 Adulto 9 0 0.00 

Santana do Riacho SR1-SepII 1 35-50 9 3 33.33 

Santana do Riacho SR1-SepIII 2 20-25 24 0 0.00 

Santana do Riacho SR1-SepVa 2 15-25 28 1 3.57 

Santana do Riacho SR1-SepVb 1 30-40 12 0 0.00 

Santana do Riacho SR1-SepIX 2 50+ 4 0 0.00 

Santana do Riacho SR1-SepVIIia 2 30-45 8 0 0.00 

Santana do Riacho SR1-SepX - 13 28 0 0.00 

Santana do Riacho SR1-SepVIIIa 1 25-35 9 0 0.00 

Santana do Riacho SR1-SepXIII 2 25-40 1 0 0.00 

Santana do Riacho SR1-SepXXII - 15 14 0 0.00 
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Tooth wear 
 

 

Site name Collection number Sex Age Teeth  Tooth wear 

Boleiras Bl-SepIII - 12 19 1.89 

Boleiras Bl-SepIV - 7-9 4 1.50 

Boleiras 1390/1391 2 45-60 1 5.00 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 35-50 9 2.89 

Cerca Grande 1332 - Adulto 17 3.65 

Cerca Grande 1383 2 - 7 4.57 

Cerca Grande 
1358/1366/ 
1384/1387/ 

1388/1397/1398/1399 
2 35-50 1 3.00 

Cerca Grande 1355 1 30-40 11 3.91 

Cerca Grande 1379 2 20-30 12 2.67 

Cerca Grande 1373 - 10-18 6 2.17 

Cerca Grande 1350 - Adulto 5 2.80 

Cerca Grande 1362 - 12-18 20 2.00 

Cerca Grande 1349 1 30-40* 3 3.67 

Cerca Grande 1339 - 9 7 2.00 

Cerca Grande 1340 - 8 10 1.40 

Cerca Grande 1325 2 25-40 12 4.00 

Harold Walter HW-1 1 25-40 6 4.17 

Harold Walter HW-4 1 15 25 2.40 

Harold Walter HW-5 2 35-50 9 5.11 

Harold Walter HW-6 - 18 12 2.25 

Harold Walter HW-8 - 7 2 1.00 

Harold Walter HW-10 - 25-40 3 4.00 

Harold Walter HW-12 - 15 26 1.35 

Harold Walter HW-13 1 40-55 6 5.50 

Harold Walter HW-24 - 15 2 2.50 

Harold Walter HW-28 1 25-40 5 4.60 

Harold Walter HW-55 - 15-18 17 2.47 

Harold Walter HW-2501 - Adulto 4 6.50 

                     Continued 

Table C-4: Degree of tooth wear by individual/fragment using the scale of Smith 

(1984).  
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Table C-4 continued 

Site name Collection number Sex Age Teeth  Tooth wear 

Harold Walter HW-77 - Adulto 2 5.50 

Harold Walter HW-74 - 10-15 2 2.00 

Harold Walter HW-139 - 11-15 5 1.60 

Harold Walter HW-75 - 19 3 2.67 

Harold Walter HW-123 - Adulto 7 4.57 

Harold Walter HW-73 - 7 1 1.00 

Harold Walter HW-2499 - 7 2 1.00 

Harold Walter HW-152 - Adulto 2 3.50 

Harold Walter HW-2509 - 20-30 5 3.40 

Harold Walter HW-150 - Adulto 1 3.00 

Harold Walter HW-151 - Adulto 2 5.50 

Harold Walter HW-2519 - 12-18 3 2.33 

Harold Walter HW-124 - Adulto 4 8.00 

Harold Walter HW-85 - Adulto 1 5.00 

Harold Walter HW-80 - Adulto 1 6.00 

Harold Walter HW-84 - Adulto 2 4.50 

Harold Walter HW-76 - Adulto 2 2.50 

Harold Walter HW-140 - Adulto 3 6.33 

Harold Walter HW-2495 - Adulto 13 5.08 

Harold Walter HW-2511 - 7 1 1.00 

Harold Walter HW-2494 - Adulto 7 3.29 

Harold Walter HW-120 - Adulto 1 6.00 

Harold Walter HW-63 - Adulto 5 8.00 

Harold Walter HW-129 - Adulto 3 4.00 

Harold Walter HW-122 - Adulto 3 5.33 

Harold Walter HW-135 - 7-8 2 2.00 

Harold Walter HW-119 - Adulto 14 2.64 

Harold Walter HW-2508 - 15-20 4 2.50 

Harold Walter HW-2500 1 Adulto 7 5.29 

Harold Walter HW-81 1 Adulto 2 7.00 

Harold Walter HW-2502 - 15-20 3 1.67 

Harold Walter HW-2503 1 Adulto 4 5.50 

Harold Walter HW-142 - 12-18 3 2.67 

Harold Walter HW-143 - Adulto 3 6.00 

Harold Walter HW-78 1 15-20 1 2.00 

Harold Walter HW-137 - 15-20 7 2.14 

                  Continued 
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Table C-4 continued 

Site name Collection number Sex Age Teeth  Tooth wear 

Harold Walter HW-2493 2 Adulto 28 5.04 

Harold Walter HW-57 1 15-21 9 2.56 

Harold Walter HW-2506 - Adulto 7 3.57 

Harold Walter HW-EXP-1 1 25-35 26 3.54 

Harold Walter HW-25014* - Adulto 1 2.00 

Harold Walter HW-56 - Adulto 5 2.80 

Harold Walter HW-126 - Adulto 11 4.55 

Harold Walter HW-60 1 Adulto 7 3.43 

Harold Walter HW-58 - Adulto 2 4.00 

Harold Walter HW-59 - Adulto 1 3.00 

Harold Walter HW-62 - Adulto 2 4.50 

Harold Walter HW-2498 2 Adulto 7 5.43 

Harold Walter HW-66 - Adulto 2 7.00 

Harold Walter HW-72 - Adulto 4 3.00 

Harold Walter HW-118 - Adulto 2 6.00 

Harold Walter HW-2507 - Adulto 5 4.80 

Harold Walter HW-2496 - Adulto 5 4.00 

Harold Walter HW-291 - 30-40 6 4.67 

Harold Walter HW-292 - 10 4 1.75 

Harold Walter HW-293 2 20-30 2 2.00 

Harold Walter HW-294 1 30-50 4 6.00 

Harold Walter HW-295 2 25-40 6 4.17 

Harold Walter HW-2640 - 15 9 1.89 

Lapa da Amoreira 815a - Adulto 2 6.50 

Lapa da Amoreira 815b - Adulto 3 8.00 

Lapa da Amoreira 815f - Adulto 7 3.14 

Lapa da Amoreira 813a - Adulto 3 3.00 

Lapa da Amoreira 907 1 Adulto 1 6.00 

Lapa da Amoreira 818 - Adulto 3 7.33 

Lapa de Carrancas 630 1 Adulto 19 2.16 

Lapa de Carrancas 627a - Adulto 9 5.33 

Lapa de Carrancas 627b - 19 5 2.60 

Lapa de Carrancas 627c - Adulto 3 7.33 

Lapa de Carrancas 627e - Adulto 1 2.00 

Lapa de Carrancas 627f - Adulto 2 4.50 

Lapa de Carrancas 627g - Adulto 1 3.00 

                  Continued 



 

745 

 

Table C-4 continued 

Site name Collection number Sex Age Teeth  Tooth wear 

Lapa de Carrancas 627h - Adulto 2 4.50 

Lapa de Carrancas 627k - Adulto 2 3.50 

Lapa do Santo St-SepI 1 35-50 26 5.04 

Lapa do Santo St-SepX 2 Adulto 15 3.13 

Lapa do Santo St-SepXV 1 35-45 29 5.59 

Lapa do Santo St-SepXXI 1 40-50 28 6.11 

Lapa do Santo St-SepXXII 1 30-40 26 4.50 

Lapa do Santo St-SepXXIV - 25-40 22 5.09 

Lapa do Santo St-SepXXVI 1 30-40 32 4.00 

Santana do Riacho SR1-SepII 1 35-50 2 8.00 

Santana do Riacho SR1-SepIII 2 20-25 7 2.57 

Santana do Riacho SR1-SepVa 2 15-25 26 3.27 

Santana do Riacho SR1-SepVb 1 30-40 1 5.00 

Santana do Riacho SR1-SepVIIia 2 30-45 2 5.50 

Santana do Riacho SR1-SepVIIs - 10-15 4 2.50 

Santana do Riacho SR1-SepX - 13 22 1.73 

Santana do Riacho SR1-SepVIIIa 1 25-35 5 3.20 

Santana do Riacho SR1-SepXIII 2 25-40 1 3.00 

Santana do Riacho SR1-SepXVIa - 10-15 2 2.00 

Santana do Riacho SR1-SepXIXb - 4-7 2 2.00 

Santana do Riacho SR1-SepXXII - 15 13 1.69 

Santana do Riacho SR1-SepXXIV - 35-50 4 5.25 
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Linear enamel hypoplasias 
 

 

Site name Collection number Sex Age CI maxillar Canines 

Boleiras Bl-SepIII - 12 2 3 

Boleiras Bl-SepIV - 7-9 . . 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 35-50 1 3 

Cerca Grande 1332 - Adulto 1 3 

Cerca Grande 1355 1 30-40 . 3 

Cerca Grande 1379 2 20-30 2 3 

Cerca Grande 1373 - 10-18 . 3 

Cerca Grande 1350 - Adulto . 3 

Cerca Grande 1362 - 12-18 2 1 

Cerca Grande 1339 - 9 3 2 

Cerca Grande 1340 - 8 1 3 

Cerca Grande 1325 2 25-40 2 3 

Harold Walter HW-4 1 15 2 1 

Harold Walter HW-5 2 35-50 . 1 

Harold Walter HW-6 - 18 2 3 

Harold Walter HW-8 - 7 1 . 

Harold Walter HW-12 - 15 2 1 

Harold Walter HW-13 1 40-55 . 2 

Harold Walter HW-55 - 15-18 . 2 

Harold Walter HW-139 - 11-15 2 2 

Harold Walter HW-2495 - Adulto 3 3 

Harold Walter HW-2494 - Adulto . 3 

Harold Walter HW-119 - Adulto 3 1 

Harold Walter HW-2508 - 15-20 . . 

Harold Walter HW-2500 1 Adulto . 3 

Harold Walter HW-133 - 8-9 . 1 

Harold Walter HW-137 - 15-20 . 3 

Harold Walter HW-2493 - Adulto . 1 

            Continued 

Table C-5: Linear enamel hypoplasias by individual/fragment using the code of 

Steckel and colleagues (2002b).  
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Table C-5 continued 

Site name Collection number Sex Age CI maxillar Canines 

Harold Walter HW-57 1 15-21 . 1 

Harold Walter HW-2506 - Adulto . 1 

Harold Walter HW-EXP-1 1 25-35 . 1 

Harold Walter HW-126 - Adulto . 3 

Harold Walter HW-60 1 Adulto . 1 

Harold Walter HW-2498 2 Adulto . 2 

Harold Walter HW-2496 - Adulto . 3 

Harold Walter HW-2497 - 7 . . 

Harold Walter HW-291 - 30-40 1 3 

Harold Walter HW-292 - 10 . 2 

Harold Walter HW-295 2 25-40 . 1 

Harold Walter HW-2640 - 15 . 3 

Lapa da Amoreira 815f - Adulto . 3 

Lapa de Carrancas 630 1 Adulto 3 3 

Lapa do Santo St-SepX 2 Adulto . 3 

Lapa do Santo St-SepXV 1 35-45 1 3 

Lapa do Santo St-SepXXI 1 40-50 3 3 

Lapa do Santo St-SepXXII 1 30-40 . 3 

Lapa do Santo St-SepXXIV - 25-40 . 3 

Lapa do Santo St-SepXXVI 1 30-40 2 1 

Santana do Riacho SR1-SepXI - 5-6 . 3 

Santana do Riacho SR1-SepIII 2 20-25 . 2 

Santana do Riacho SR1-SepVa 2 15-25 1 1 

Santana do Riacho SR1-SepVIIs - 10-15 3 1 

Santana do Riacho SR1-SepX - 13 1 2 

Santana do Riacho SR1-SepXVII - 4-6 3 . 

Santana do Riacho SR1-SepXVIa - 10-15 1 . 

Santana do Riacho SR1-SepXIXa - 5-6 3 3 

Santana do Riacho SR1-SepXIXb - 4-7 2 2 

Santana do Riacho SR1-SepXXII - 15 2 3 
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DJD 
 

 

Site name 
Collection 
number 

Sex Age 
Shoulder 

and Elbow 
Hip and 

Knee 
Wrist 

Boleiras 1390/1391 2 45-60 2 2 . 

Cerca Grande 
1319/1335/ 
1341/1342/ 

1356 
1 30-40 1 1 1 

Cerca Grande 
1345/1364/ 
1372/1382 

2 60 3 . . 

Cerca Grande 1380 1 40-50 3 3 . 

Cerca Grande 

1358/1366/ 
1384/1387/ 
1388/1397/ 
1398/1399 

2 35-50 3 4 2 

Cerca Grande 1329/1370 2 20-24 1 . 1 

Lapa do Santo St-SepI 1 35-50 1 1 1 

Lapa do Santo St-SepX 1 Adulto 1 1 . 

Lapa do Santo St-SepXV 1 35-45 2 2 1 

Lapa do Santo St-SepXVIIa 1 20-30 1 . . 

Lapa do Santo St-SepXXI 1 40-50 2 2 2 

Lapa do Santo St-SepXXII 1 30-40 2 1 2 

Lapa do Santo St-SepXXVI 1 30-40 . . 2 

Lapa Mortuaria 
1918-1919/ 
1921-1923/ 

1925 
1 Adulto 1 1 . 

Lapa Mortuaria 928 1 Adulto 1 2 1 

Lapa Mortuaria 833/834 2 40-50 3 2 1 

Lapa Mortuaria 838-847 2 20-35 1 1 1 

            Continued 

Table C-6: DJD in the limbs using the code of Steckel and colleagues (2002b).  
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Table C-6 continued 

Site name 
Collection 
number 

Sex Age 
Shoulder 

and Elbow 
Hip and 

Knee 
Wrist 

Santana do Riacho SR1-SepII 1 35-50 1 1 1 

Santana do Riacho SR1-SepIII 2 20-25 1 1 2 

Santana do Riacho SR1-SepVb 1 30-40 . . . 

Santana do Riacho SR1-SepIX 2 50+ 2 2 . 

Santana do Riacho SR1-SepVIIia 2 30-45 1 1 . 

Santana do Riacho SR1-SepVIIic 1 Adulto 3 . . 

Santana do Riacho SR1-SepVIIIa 1 25-35 . . 1 

Santana do Riacho SR1-SepVIIIb - 20-30 1 . . 

Santana do Riacho SR1-SepXII 2 25-30 1 1 1 

Santana do Riacho SR1-SepXIII 2 25-40 . 1 1 

Santana do Riacho SR1-SepXVIII 1 Adulto 1 1 . 

Santana do Riacho SR1-SepXV 1 Adulto 2 1 2 

Santana do Riacho SR1-SepXXVII - Adulto 1 . 1 

Santana do Riacho SR1-SepXXVIII - Adulto . 1 . 
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Site name 
Collection 
number 

Sex Age Cervical Thoracic Lumbar 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 35-50 1 1 . 

Cerca Grande 1334/1336/1338 1 45-55 3 1 2 

Cerca Grande 1345/1364/1382 2 60 . . . 

Cerca Grande 
1358/1366/1384/ 
1387/1388/1397/ 

1398/1399 
2 35-50 . . . 

Cerca Grande 1329/1370 2 20-25 . . . 

Cerca Grande 1351/1369 2 40-44 3 . . 

Lapa do Santo St-SepI 1 35-50 3 2 3 

Lapa do Santo St-SepX 1 Adulto 2 1 . 

Lapa do Santo St-SepXV 1 35-45 . . 3 

Lapa do Santo St-SepXXI 1 40-50 3 2 4 

Lapa do Santo St-SepXXII 1 30-40 1 . . 

Lapa do Santo St-SepXXVI 1 30-40 1 . . 

Lapa Mortuaria 928 1 Adulto . 2 1 

Lapa Mortuaria 838-847 2 20-35 1 1 . 

Santana do Riacho SR1-SepII 1 35-50 2 3 2 

Santana do Riacho SR1-SepIII 2 20-25 1 . 1 

Santana do Riacho SR1-SepVb 1 30-40 1 . . 

Santana do Riacho SR1-SepIX 2 50+ 1 1 1 

Santana do Riacho SR1-SepVIi - Adulto . . 2 

Santana do Riacho SR1-SepVIIIa 1 25-35 . . . 

Santana do Riacho SR1-SepXII 2 25-30 1 . 1 

Santana do Riacho SR1-SepXIII 2 25-40 . . 3 

Santana do Riacho SR1-SepXVIII 1 Adulto 1 1 1 

Santana do Riacho SR1-SepXV 1 Adulto 1 1 3 

Santana do Riacho SR1-SepXX - Adulto . . . 

Santana do Riacho SR1-SepXXIIIa - Adulto . . . 

 

Table C-7: Osteophytoses in the vertebral column using the code of Steckel and 

colleagues (2002b).  
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Trauma 
 

 

Site name 
Collection 
number 

Sex Age Arm Leg Hand 

Boleiras 1389 - 3-5 1 1 1 

Boleiras Bl-SepIII - 12 1 1 1 

Boleiras Bl-SepIV - 7-9 . . 1 

Boleiras Bl-SepV 1 20-30 . . 1 

Boleiras 1390/1391 2 45-60 1 1 1 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 30-40 1 1 1 

Cerca Grande 1334/1336/1338 1 35-50 1 1 1 

Cerca Grande 1357 1 Adulto . . . 

Cerca Grande 1353 2 Adulto . . . 

Cerca Grande 
1345/1364/1372/ 

1382 
2 60 1 1 1 

Cerca Grande 1340 - 8 1 1 1 

Cerca Grande 1380 1 40-50 1 1 1 

Cerca Grande 
1358/1366/1384/ 
1387/1388/1397/ 

1398/1399 
2 35-50 . 1 2 

Cerca Grande 1355 1 30-40 . . . 

Cerca Grande 1325 2 25-40 . . . 

Cerca Grande 1329/1370 2 20-24 1 . 1 

Harold Walter HW-1 2 25-40 . . . 

Harold Walter HW-4 - 15 . . . 

Harold Walter HW-5 2 35-50 . . . 

Harold Walter HW-6 - 18 . . . 

Harold Walter HW-7 - 3-4 . . . 

Harold Walter HW-8 - 7 . . . 

Harold Walter HW-9 1 50-60 . . . 

Harold Walter HW-10 - 25-40 . . . 

Harold Walter HW-11 - 5 . . . 

Harold Walter HW-12 - 15 . . . 

                  Continued 

Table C-8: Traumas in the arms, legs and hands using the code of Steckel and 

colleagues (2002b). 
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Table C-8 continued 

Site name 
Collection 
number 

Sex Age Arm Leg Hand 

Harold Walter HW-13 1 40-55 . . . 

Harold Walter HW-14 1 40-55 . . . 

Harold Walter HW-20 2 35-50 . . . 

Harold Walter HW-21 2 35-50 . . . 

Harold Walter HW-24 - 15 . . . 

Harold Walter HW-27 1 20-35 . . . 

Harold Walter HW-29 2 30-40 . . . 

Harold Walter HW-31 1 35-50 . . . 

Harold Walter HW-EXP-1 1 25-35 . . . 

Harold Walter HW-EXP-2 - 5-7 . . . 

Harold Walter HW-291 - 30-40 . . . 

Harold Walter HW-292 - 10 . . . 

Harold Walter HW-293 2 20-30 . . . 

Harold Walter HW-294 1 30-50 . . . 

Harold Walter HW-295 2 25-40 . . . 

Harold Walter HW-296 - 5-6 . . . 

Harold Walter HW-36 - Adulto . . . 

Harold Walter HW-33 1 Adulto . . . 

Harold Walter HW-35 - Adulto . . . 

Harold Walter HW-37 - Adulto . . . 

Harold Walter HW-34 - Adulto . . . 

Harold Walter HW-49 - Adulto . . . 

Harold Walter HW-45 - Adulto . . . 

Lapa da Amoreira 907 1 Adulto . . . 

Lapa de Carrancas 630 1 Adulto . . . 

Lapa de Carrancas 629 1 Adulto . . . 

Lapa do Santo St-SepI 1 35-50 1 1 1 

Lapa do Santo St-SepVI - 3-5 1 1 1 

Lapa do Santo St-SepVII - 3-5 1 1 1 

Lapa do Santo St-SepIX - 3-4 . . . 

Lapa do Santo St-SepX 1 Adulto . 1 1 

Lapa do Santo St-SepXII - 0.5 1 1 1 

Lapa do Santo St-SepXIVa 1 20-30 . . . 

Lapa do Santo St-SepXIVb - 2-6 . . 1 

Lapa do Santo St-SepXIVc - 1-2 1 1 . 

                  Continued 
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Table C-8 continued 

Site name 
Collection 
number 

Sex Age Arm Leg Hand 

Lapa do Santo St-SepXV 1 35-45 1 1 1 

Lapa do Santo St-SepXVIIa 1 20-30 . . 1 

Lapa do Santo St-SepXVIIb - 2 . . . 

Lapa do Santo St-SepXIX - 3 1 1 1 

Lapa do Santo St-SepXX - 4 1 1 1 

Lapa do Santo St-SepXXI 1 40-50 2 1 2 

Lapa do Santo St-SepXXII 1 30-40 1 1 1 

Lapa do Santo St-SepXXIII - Subadulto . . . 

Lapa do Santo St-SepXXIV - 25-40 . . 1 

Lapa do Santo St-SepXXV - 0 . . . 

Lapa do Santo St-SepXXVI 1 30-40 . . 1 

Lapa do Santo St-SepXXVII - 4-5 1 1 1 

Lapa Mortuaria 
1918-1919/1921-

1923/1925 
1 Adulto . . 1 

Lapa Mortuaria 928 1 Adulto 1 1 1 

Lapa Mortuaria 834 2 40-50 1 1 . 

Lapa Mortuaria 838-847 2 20-35 1 1 1 

Santana do Riacho SR1-SepXI - 5-6 1 1 1 

Santana do Riacho SR1-SepI - 3-5 . 1 . 

Santana do Riacho SR1-SepII 1 35-50 1 . 1 

Santana do Riacho SR1-SepIII 2 20-25 . 1 1 

Santana do Riacho SR1-SepIVa - 3-4 . . . 

Santana do Riacho SR1-SepIVb - 2-3 1 1 . 

Santana do Riacho SR1-SepVa 2 15-25 1 . 1 

Santana do Riacho SR1-SepVb 1 30-40 . . . 

Santana do Riacho SR1-SepIX 2 50+ . 1 . 

Santana do Riacho SR1-SepVIs - 1-3 . . . 

Santana do Riacho SR1-SepVIm - 1 . . . 

Santana do Riacho SR1-SepVIi - Adulto . . 1 

Santana do Riacho SR1-SepVIIia 2 30-45 . 1 . 

Santana do Riacho SR1-SepVIIib - 3-5 . . . 

Santana do Riacho SR1-SepVIIic 1 Adulto 1 . . 

Santana do Riacho SR1-SepVIIs - 10-15 . . . 

Santana do Riacho SR1-SepX - 13 . 1 . 

Santana do Riacho SR1-SepVIIIa 1 25-35 . . 1 

                  Continued 
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Table C-8 continued 

Site name 
Collection 
number 

Sex Age Arm Leg Hand 

Santana do Riacho SR1-SepVIIIb - 20-30 . . 1 

Santana do Riacho SR1-SepVIIIc - 0 . . . 

Santana do Riacho SR1-SepXII 2 25-30 . 1 1 

Santana do Riacho SR1-SepXIII 2 25-40 . . 1 

Santana do Riacho SR1-SepXVIII 1 Adulto . 1 1 

Santana do Riacho SR1-SepXIV - 4-5 1 1 1 

Santana do Riacho SR1-SepXVII - 4-6 1 . 1 

Santana do Riacho SR1-SepXV 1 Adulto . . . 

Santana do Riacho SR1-SepXVIa - 10-15 . 1 1 

Santana do Riacho SR1-SepXVIb - 0-1 . . 1 

Santana do Riacho SR1-SepXIXa - 5-6 . . . 

Santana do Riacho SR1-SepXIXb - 4-7 . . 1 

Santana do Riacho SR1-SepXX - Adulto . . . 

Santana do Riacho SR1-SepXXII - 15 . . 1 

Santana do Riacho SR1-SepXXI/XXV - Adulto . . . 

Santana do Riacho SR1-SepXXIIIa - Adulto . . . 

Santana do Riacho SR1-SepXXIIIb - 2-4 . . 1 

Santana do Riacho SR1-SepXXIV - 35-50 . . 1 

Santana do Riacho SR1-SepXXVI - 20-40 . . . 

Santana do Riacho SR1-SepXXVII - Adulto . 1 1 

Santana do Riacho SR1-SepXXVIII - Adulto . . 1 
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Site name 
Collection 
number 

Sex Age Nasal Face Vault 

Boleiras 1389 - 3-5 . . 1 

Boleiras Bl-SepIII - 12 . . 1 

Boleiras Bl-SepIV - 7-9 . . . 

Boleiras Bl-SepV 1 20-30 . . . 

Boleiras 1390/1391 2 45-60 . . . 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 30-40 . . 1 

Cerca Grande 1334/1336/1338 1 35-50 . . . 

Cerca Grande 1357 1 Adulto . . . 

Cerca Grande 1353 2 Adulto . . 1 

Cerca Grande 
1345/1364/ 
1372/1382 

2 60 . . . 

Cerca Grande 1340 - 8 . . . 

Cerca Grande 1380 1 40-50 . . . 

Cerca Grande 
1358/1366/1384/ 
1387/1388/1397/ 

1398/1399 
2 35-50 1 1 1 

Cerca Grande 1355 1 30-40 1 1 1 

Cerca Grande 1325 2 25-40 1 1 1 

Cerca Grande 1329/1370 2 20-24 1 . 1 

Harold Walter HW-1 2 25-40 1 1 2 

Harold Walter HW-4 - 15 1 1 1 

Harold Walter HW-5 2 35-50 2 1 2 

Harold Walter HW-6 - 18 . . 1 

Harold Walter HW-7 - 3-4 . 1 1 

Harold Walter HW-8 - 7 1 1 1 

Harold Walter HW-9 1 50-60 1 1 1 

Harold Walter HW-10 - 25-40 1 . 1 

Harold Walter HW-11 - 5 . 1 1 

Harold Walter HW-12 - 15 1 1 1 

Harold Walter HW-13 1 40-55 . 1 1 

Harold Walter HW-14 1 40-55 1 . 1 

Harold Walter HW-20 2 35-50 . . 1 

Harold Walter HW-21 2 35-50 1 . 1 

Harold Walter HW-24 - 15 1 1 . 

       Continued 

Table C-9: Traumas in the nasal, face and vault bones using the code of Steckel and 

colleagues (2002b). 
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Table C-9 continued 

Site name 
Collection 
number 

Sex Age Nasal Face Vault 

Harold Walter HW-27 1 20-35 . . 2 

Harold Walter HW-29 2 30-40 . . 1 

Harold Walter HW-31 1 35-50 . . 1 

Harold Walter HW-EXP-1 1 25-35 1 1 2 

Harold Walter HW-EXP-2 - 5-7 . 1 . 

Harold Walter HW-291 - 30-40 1 1 1 

Harold Walter HW-292 - 10 1 1 . 

Harold Walter HW-293 2 20-30 . . 1 

Harold Walter HW-294 1 30-50 . . 1 

Harold Walter HW-295 2 25-40 1 1 . 

Harold Walter HW-296 - 5-6 1 1 1 

Harold Walter HW-36 - Adulto . . 1 

Harold Walter HW-33 1 Adulto . . 1 

Harold Walter HW-35 - Adulto . . 2 

Harold Walter HW-37 - Adulto . . 1 

Harold Walter HW-34 - Adulto . . 1 

Harold Walter HW-49 - Adulto . . 1 

Harold Walter HW-45 - Adulto . . 1 

Lapa da Amoreira 907 1 Adulto 1 1 . 

Lapa de Carrancas 630 1 Adulto 1 1 1 

Lapa de Carrancas 629 1 Adulto . . 1 

Lapa do Santo St-SepI 1 35-50 . 1 1 

Lapa do Santo St-SepVI - 3-5 . 1 1 

Lapa do Santo St-SepVII - 3-5 . . 1 

Lapa do Santo St-SepIX - 3-4 . . 1 

Lapa do Santo St-SepX 1 Adulto . . . 

Lapa do Santo St-SepXII - 0.5 . . . 

Lapa do Santo St-SepXIVa 1 20-30 . . 1 

Lapa do Santo St-SepXIVb - 2-6 . . . 

Lapa do Santo St-SepXIVc - 1-2 . . . 

Lapa do Santo St-SepXV 1 35-45 1 1 1 

Lapa do Santo St-SepXVIIa 1 20-30 1 1 1 

Lapa do Santo St-SepXVIIb - 2 . . . 

Lapa do Santo St-SepXIX - 3 . . 1 

Lapa do Santo St-SepXX - 4 . . 1 

       Continued 
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Table C-9 continued 

Site name 
Collection 
number 

Sex Age Nasal Face Vault 

Lapa do Santo St-SepXXI 1 40-50 1 1 1 

Lapa do Santo St-SepXXII 1 30-40 . 1 1 

Lapa do Santo St-SepXXIII - Subadulto . . 1 

Lapa do Santo St-SepXXIV - 25-40 . . . 

Lapa do Santo St-SepXXV - 0 . . . 

Lapa do Santo St-SepXXVI 1 30-40 1 1 1 

Lapa do Santo St-SepXXVII - 4-5 1 1 1 

Lapa Mortuaria 
1918-1919/1921-

1923/1925 
1 Adulto . . 1 

Lapa Mortuaria 928 1 Adulto . . . 

Lapa Mortuaria 834 2 40-50 . . . 

Lapa Mortuaria 838-847 2 20-35 . . . 

Santana do Riacho SR1-SepXI - 5-6 . . . 

Santana do Riacho SR1-SepI - 3-5 . . 1 

Santana do Riacho SR1-SepII 1 35-50 1 . 1 

Santana do Riacho SR1-SepIII 2 20-25 . . . 

Santana do Riacho SR1-SepIVa - 3-4 . . . 

Santana do Riacho SR1-SepIVb - 2-3 . 1 2 

Santana do Riacho SR1-SepVa 2 15-25 . . 1 

Santana do Riacho SR1-SepVb 1 30-40 . 1 1 

Santana do Riacho SR1-SepIX 2 50+ . . . 

Santana do Riacho SR1-SepVIs - 1-3 . . . 

Santana do Riacho SR1-SepVIm - 1 . . . 

Santana do Riacho SR1-SepVIi - Adulto . . . 

Santana do Riacho SR1-SepVIIia 2 30-45 . 1 . 

Santana do Riacho SR1-SepVIIib - 3-5 . . 1 

Santana do Riacho SR1-SepVIIic 1 Adulto . . . 

Santana do Riacho SR1-SepVIIs - 10-15 . . . 

Santana do Riacho SR1-SepX - 13 1 1 1 

Santana do Riacho SR1-SepVIIIa 1 25-35 . . . 

Santana do Riacho SR1-SepVIIIb - 20-30 . . . 

Santana do Riacho SR1-SepVIIIc - 0 . . . 

Santana do Riacho SR1-SepXII 2 25-30 . . . 

Santana do Riacho SR1-SepXIII 2 25-40 . . . 

Santana do Riacho SR1-SepXVIII 1 Adulto . . . 

       Continued 
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Table C-9 continued 

Santana do Riacho SR1-SepXIV - 4-5 1 . 1 

Santana do Riacho SR1-SepXVII - 4-6 . . . 

Santana do Riacho SR1-SepXV 1 Adulto . . . 

Santana do Riacho SR1-SepXVIa - 10-15 . . . 

Santana do Riacho SR1-SepXVIb - 0-1 . . . 

Santana do Riacho SR1-SepXIXa - 5-6 . . . 

Santana do Riacho SR1-SepXIXb - 4-7 . . . 

Santana do Riacho SR1-SepXX - Adulto . . . 

Santana do Riacho SR1-SepXXII - 15 1 . 1 

Santana do Riacho SR1-SepXXI/XXV - Adulto . . . 

Santana do Riacho SR1-SepXXIIIa - Adulto . . . 

Santana do Riacho SR1-SepXXIIIb - 2-4 . . . 

Santana do Riacho SR1-SepXXIV - 35-50 . . . 

Santana do Riacho SR1-SepXXVI - 20-40 . . . 

Santana do Riacho SR1-SepXXVII - Adulto . . . 

Santana do Riacho SR1-SepXXVIII - Adulto . . . 
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Infections 
 

 

Site name Collection number Sex Age Tibia Remaining 

Boleiras 1389 - 3-5 1 0 

Boleiras Bl-SepIII - 12 . 0 

Boleiras Bl-SepIV - 7-9 . . 

Boleiras Bl-SepV 1 20-30 . . 

Boleiras 1390/1391 2 45-60 1 0 

Cerca Grande 1319/1335/ 
1341/1342/1356 

1 30-40 . 1 

Cerca Grande 1334/1336/1338 1 35-50 . 0 

Cerca Grande 1345/1364/ 
1372/1382 

2 60 . 1 

Cerca Grande 1340 - 8 1 0 

Cerca Grande 1380 1 40-50 . 0 

Cerca Grande 1358/1366/1384/ 
1387/1397/1388/ 

1398/1399 

2 35-50 . 0 

Cerca Grande 1329/1370 2 20-24 1 2 

Lapa do Santo St-SepI 1 35-50 1 0 

Lapa do Santo St-SepVI - 3-5 . 0 

Lapa do Santo St-SepVII - 3-5 . 0 

Lapa do Santo St-SepIX - 3-4 . . 

Lapa do Santo St-SepX 1 Adulto 1 0 

Lapa do Santo St-SepXII - 0.5 1 0 

Lapa do Santo St-SepXIVb - 2-6 . . 

Lapa do Santo St-SepXIVc - 1-2 1 0 

Lapa do Santo St-SepXV 1 35-45 1 0 

Lapa do Santo St-SepXVIIa 1 20-30 . . 

Lapa do Santo St-SepXVIIb - 2 . 0 

Lapa do Santo St-SepXIX - 3 1 0 

Lapa do Santo St-SepXX - 4 1 0 

Lapa do Santo St-SepXXI 1 40-50 . 0 

Lapa do Santo St-SepXXII 1 30-40 1 0 

               Continued 

Table C-10: Infections in the tibia and remaining skeleton using the code of Steckel 

and colleagues (2002b). 
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Table C-10 continued 

Site name Collection number Sex Age Tibia Remaining 

Lapa do Santo St-SepXXIV - 25-40 . . 

Lapa do Santo St-SepXXV - 0 . . 

Lapa do Santo St-SepXXVI 1 30-40 . . 

Lapa do Santo St-SepXXVII - 4-5 1 0 

Lapa Mortuaria 1918-1919/1921-
1923/1925 

1 Adulto . . 

Lapa Mortuaria 928 1 Adulto 1 0 

Lapa Mortuaria 833/834 2 40-50 1 0 

Lapa Mortuaria 838-847 2 20-35 1 0 

Santana do Riacho SR1-SepXI - 5-6 2 2 

Santana do Riacho SR1-SepI - 3-5 1 0 

Santana do Riacho SR1-SepII 1 35-50 . 1 

Santana do Riacho SR1-SepIII 2 20-25 1 0 

Santana do Riacho SR1-SepIVa - 3-4 . 0 

Santana do Riacho SR1-SepIVb - 2-3 1 0 

Santana do Riacho SR1-SepVa 2 15-25 . 0 

Santana do Riacho SR1-SepVb 1 30-40 . . 

Santana do Riacho SR1-SepIX 2 50+ 3 0 

Santana do Riacho SR1-SepVIs - 1-3 . . 

Santana do Riacho SR1-SepVIm - 1 . . 

Santana do Riacho SR1-SepVIi - Adulto . . 

Santana do Riacho SR1-SepVIIia 2 30-45 4 2 

Santana do Riacho SR1-SepVIIib - 3-5 . . 

Santana do Riacho SR1-SepVIIic 1 Adulto . . 

Santana do Riacho SR1-SepVIIs - 10-15 . . 

Santana do Riacho SR1-SepX - 13 1 0 

Santana do Riacho SR1-SepVIIIa 1 25-35 . 0 

Santana do Riacho SR1-SepVIIIb - 20-30 . . 

Santana do Riacho SR1-SepVIIIc - 0 . . 

Santana do Riacho SR1-SepXII 2 25-30 1 . 

Santana do Riacho SR1-SepXIII 2 25-40 . . 

Santana do Riacho SR1-SepXVIII 1 Adulto . 0 

Santana do Riacho SR1-SepXIV - 4-5 . 0 

Santana do Riacho SR1-SepXVII - 4-6 . 0 

Santana do Riacho SR1-SepXV 1 Adulto . . 

Santana do Riacho SR1-SepXVIa - 10-15 1 0 

               Continued 
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Table C-10 continued 

Site name Collection number Sex Age Tibia Remaining 

Santana do Riacho SR1-SepXVIb - 0-1 . . 

Santana do Riacho SR1-SepXIXa - 5-6 . . 

Santana do Riacho SR1-SepXIXb - 4-7 . . 

Santana do Riacho SR1-SepXX - Adulto . . 

Santana do Riacho SR1-SepXXII - 15 . . 

Santana do Riacho SR1-SepXXIIIa - Adulto . . 

Santana do Riacho SR1-SepXXIIIb - 2-4 . . 

Santana do Riacho SR1-SepXXIV - 35-50 . . 

Santana do Riacho SR1-SepXXVI - 20-40 . . 

Santana do Riacho SR1-SepXXVII - Adulto 1 0 

Santana do Riacho SR1-SepXXVIII - Adulto . . 
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Cribra orbitalia and porotic hyperostosis 
 

 

Site name 
Collection 
number 

Sex Age 
Cribra 

orbitalia 
Porotic 

hyperostosis 

Boleiras 1389 - 3-5 . 1 

Boleiras 1390/1391 2 45-60 . . 

Boleiras Bl-SepIII - 12 . 1 

Boleiras Bl-SepIV - 7-9 . . 

Boleiras Bl-SepV 1 20-30 . . 

Cerca Grande 1325 2 25-40 . 1 

Cerca Grande 1340 - 8 . . 

Cerca Grande 1353 2 Adulto 1 1 

Cerca Grande 1355 1 30-40 1 1 

Cerca Grande 1357 1 Adulto . . 

Cerca Grande 1380 1 40-50 . . 

Cerca Grande 
1319/1335/1341/ 

1342/1356 
1 30-40 . 1 

Cerca Grande 1324/1326/1332 1 Adulto . 1 

Cerca Grande 1329/1370 2 20-24 . 1 

Cerca Grande 1334/1336/1338 1 35-50 . . 

Cerca Grande 
1345/1364/ 
1372/1382 

2 60 . . 

Cerca Grande 
1358/1366/1384/ 
1387/1388/1397/ 

1398/1399 
2 35-50 1 1 

Harold Walter HW-1 2 25-40 1 1 

Harold Walter HW-10 - 25-40 . 1 

Harold Walter HW-11 - 5 1 1 

Harold Walter HW-12 - 15 1 . 

Harold Walter HW-13 1 40-55 1 1 

Harold Walter HW-14 1 40-55 1 1 

Harold Walter HW-20 2 35-50 . 1 

Harold Walter HW-21 2 35-50 1 1 

Harold Walter HW-24 - 15 1 . 

               Continued 

Table C-11: Cribra orbitalia and porotic hyperostosis using the code of Steckel and 

colleagues (2002b). 
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Table C-11 continued 

Site name 
Collection 
number 

Sex Age 
Cribra 

orbitalia 
Porotic 

hyperostosis 

Harold Walter HW-27 1 20-35 . 1 

Harold Walter HW-29 2 30-40 1 1 

Harold Walter HW-291 - 30-40 1 1 

Harold Walter HW-292 - 10 1 . 

Harold Walter HW-293 2 20-30 . . 

Harold Walter HW-294 1 30-50 . 1 

Harold Walter HW-295 2 25-40 1 . 

Harold Walter HW-296 - 5-6 1 . 

Harold Walter HW-31 1 35-50 1 1 

Harold Walter HW-33 1 Adulto . 1 

Harold Walter HW-34 - Adulto . 1 

Harold Walter HW-35 - Adulto . 1 

Harold Walter HW-36 - Adulto . 1 

Harold Walter HW-37 - Adulto . 1 

Harold Walter HW-4 - 15 1 . 

Harold Walter HW-45 - Adulto . 1 

Harold Walter HW-49 - Adulto . 1 

Harold Walter HW-5 2 35-50 1 1 

Harold Walter HW-50 - Subadulto 1 . 

Harold Walter HW-52 - Subadulto 1 . 

Harold Walter HW-54 - Adulto . . 

Harold Walter HW-6 - 18 . 1 

Harold Walter HW-7 - 3-4 1 1 

Harold Walter HW-8 - 7 2 1 

Harold Walter HW-9 1 50-60 . 1 

Harold Walter HW-EXP-1 1 25-35 1 1 

Harold Walter HW-EXP-2 - 5-7 . . 

Lapa da Amoreira 818 - - 1 . 

Lapa da Amoreira 818 - - 1 . 

Lapa da Amoreira 818 - Subadulto 2 . 

Lapa da Amoreira 907 1 Adulto 1 . 

Lapa de Carrancas 627 - Adulto . 1 

Lapa de Carrancas 627 1 Adulto 1 . 

Lapa de Carrancas 629 1 Adulto 1 1 

Lapa de Carrancas 630 1 Adulto . . 

               Continued 
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Table C-11 continued 

Site name 
Collection 
number 

Sex Age 
Cribra 

orbitalia 
Porotic 

hyperostosis 

Lapa do Santo St-SepI 1 35-50 1 1 

Lapa do Santo St-SepIX - 3-4 . 1 

Lapa do Santo St-SepVI - 3-5 1 1 

Lapa do Santo St-SepVII - 3-5 1 1 

Lapa do Santo St-SepX 1 Adulto . . 

Lapa do Santo St-SepXII - 0.5 1 . 

Lapa do Santo St-SepXIVa 1 20-30 1 1 

Lapa do Santo St-SepXIVb - 2-6 . . 

Lapa do Santo St-SepXIVc - 1-2 . . 

Lapa do Santo St-SepXIX - 3 1 1 

Lapa do Santo St-SepXV 1 35-45 . 1 

Lapa do Santo St-SepXVIIa 1 20-30 1 1 

Lapa do Santo St-SepXVIIb - 2 . . 

Lapa do Santo St-SepXX - 4 3 1 

Lapa do Santo St-SepXXI 1 40-50 1 1 

Lapa do Santo St-SepXXII 1 30-40 1 1 

Lapa do Santo St-SepXXIII - Subadulto . 1 

Lapa do Santo St-SepXXIV - 25-40 . . 

Lapa do Santo St-SepXXV - 0 . . 

Lapa do Santo St-SepXXVI 1 30-40 1 1 

Lapa do Santo St-SepXXVII - 4-5 1 1 

Lapa Mortuaria 834 2 40-50 . . 

Lapa Mortuaria 928 1 Adulto . . 

Lapa Mortuaria 919/925 1 Adulto . 1 

Santana do Riacho SR1-SepI - 3-5 1 1 

Santana do Riacho SR1-SepII 1 35-50 1 1 

Santana do Riacho SR1-SepIII 2 20-25 . . 

Santana do Riacho SR1-SepIVa - 3-4 1 . 

Santana do Riacho SR1-SepIVb - 2-3 1 1 

Santana do Riacho SR1-SepIX 2 50+ . . 

Santana do Riacho SR1-SepVa 2 15-25 1 1 

Santana do Riacho SR1-SepVb 1 30-40 . 1 

Santana do Riacho SR1-SepVIi - Adulto . . 

Santana do Riacho SR1-SepVIIia 2 30-45 . . 

Santana do Riacho SR1-SepVIIIa 1 25-35 . . 

              Continued 
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Table C-11 continued 

Site name 
Collection 
number 

Sex Age 
Cribra 

orbitalia 
Porotic 

hyperostosis 

Santana do Riacho SR1-SepVIIib - 3-5 . 1 

Santana do Riacho SR1-SepVIIIb - 20-30 . . 

Santana do Riacho SR1-SepVIIic 1 Adulto . . 

Santana do Riacho SR1-SepVIIIc - 0 . . 

Santana do Riacho SR1-SepVIIs - 10-15 . . 

Santana do Riacho SR1-SepVIm - 1 . . 

Santana do Riacho SR1-SepVIs - 1-3 . . 

Santana do Riacho SR1-SepX - 13 1 1 

Santana do Riacho SR1-SepXI - 5-6 2 . 

Santana do Riacho SR1-SepXII 2 25-30 . . 

Santana do Riacho SR1-SepXIII 2 25-40 . . 

Santana do Riacho SR1-SepXIV - 4-5 2 1 

Santana do Riacho SR1-SepXIXa - 5-6 . . 

Santana do Riacho SR1-SepXIXb - 4-7 . . 

Santana do Riacho SR1-SepXV 1 Adulto . . 

Santana do Riacho SR1-SepXVIa - 10-15 . . 

Santana do Riacho SR1-SepXVIb - 0-1 . . 

Santana do Riacho SR1-SepXVII - 4-6 . . 

Santana do Riacho SR1-SepXVIII 1 Adulto . . 

Santana do Riacho SR1-SepXX - Adulto . . 

Santana do Riacho SR1-SepXXI/XXV - Adulto . . 

Santana do Riacho SR1-SepXXII - 15 1 1 

Santana do Riacho SR1-SepXXIIIa - Adulto . . 

Santana do Riacho SR1-SepXXIIIb - 2-4 . . 

Santana do Riacho SR1-SepXXIV - 35-50 . . 

Santana do Riacho SR1-SepXXVI - 20-40 . . 

Santana do Riacho SR1-SepXXVII - Adulto . . 

Santana do Riacho SR1-SepXXVIII - Adulto . . 
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Appendix D – Skeletal curation 
 

Santana do Riacho collection 
 

SR1-SepVIIia and SR1-SepVIIic 

These two burials were excavated side by side, being hardly differentiated by 

anatomical means in the field. The letter “a” and “c” refer to the stratigraphic level s of 

the burials, being the letter ‘c” found below letter “a”. The curation of these skeletons, 

however, made a distinction of these bones in laboratory. Two individuals were 

separated: “a” is a female due to the cranial and hip morphology, while “c” would be a 

male due to robusticity of the humerus. The determination of male sex to the individual 

‘c” was confirmed by discriminant functions applied to measurements of epiphyses 

length. Although there are clearly two different individuals, the individual “a” shows a 

very distinctive characteristic in the right lower leg (tibia and fibula): an extensive 

infection and a callus in the upper midshaft of the tibia. Interestingly, the individual ‘c” 

also shows the same trait in the left lower leg (tibia and fibula). This coincidence leads us 

to conclude that the leg bones of the individual “c” are in fact from the individual “a”. 

The similarity between the legs is striking. On the other hand, the upper bones of the 

individual “c” seem to be too robust to be from a female. In addition, there is some 
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overlapping of bones from the upper body (humerus) and from the lower body (right 

femur) of these two individuals, attesting for the presence of at least two individuals.  

The operational strategy to deal with these two skeletons is to follow the division 

made by the curator. That is, it will be recognized two individuals “a” and “c” in which 

the former is female and the latter is male. However, due to the striking similarity of the 

lower leg of “a” and “c”, it was decided to unite them under the individual “a”. This 

choice was made due to low robusticity of the legs, which are much more similar to a 

female individual. The upper skeletons of both individuals remained in their original 

label. 

 

SR1-SepXIXa and SR1-SepXIXb 

These two burials were excavated side by side and they were given a letter for 

each individual skeleton. The individuals are constituted of isolated teeth, tooth germs 

and post-cranium bones. As a complicated factor to the curation, both of them are 

assigned the same age, which ranges from 5 to 7 years old. When I was counting the 

linear hypoplasias of the enamel, it was observed a high degree of discordance in the 

number of hypoplasias between right and left teeth from the same individual. Looking at 

the teeth closely, I observed that some teeth were switched during the curation. In order 

to make the correction, I made the following changes in the original label of the 

collection: switch left central incisors between ‘a’ to ‘b’, left canine was sent from ‘a’ to 

‘b’, and right canine was sent from ‘b’ to ‘a’. 
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University of Sao Paulo  
 

St-SepXIV 

This burial is composed of three individuals: “a”, “b”,  and “c”. The individual 

“a” is the only adult, being represented only by a skull vault stained with ochre. The 

individual “b” is a subadult, being represented by postcranium bones with similar size for 

its age of two to six years old. The individual “c” is represented by postcranium bones 

with similar size for its age of one to two years old.  

St-SepXVI 

This burial was named when a group of stones usually associated with the burials 

was identified in the excavation. Later, no bone was found but the name of the burial was 

kept. 

 

St-SepXVII 

This burial is composed of two individuals: “a” and “b”. The individual “a” is an 

adult, being represented by a skull and postcranium bones. The individual “b” is a 

subadult, being represented by postcranium bones with similar size for its age of two 

years old. 

 

St-SepXVIII 

This group of bones was not considered a burial since they were found spread out 

in the archaeological unit, and they are composed of a mix of adult and subadult bones. 
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The adult bones were analyzed as isolated bones. The subadult ones were covered by 

carbonate of calcium, precluding any morphological analysis. 

 

St-SepXXIII 

This burial is composed of fragments of cranium and postcranium of subadults which 

were analyzed as isolated bones. The age of this subadult was estimated as four years old. 

In addition, 83 teeth are found in this burial (53 permanent and 30 deciduous). The 

permanent teeth represent at least two individuals. The deciduous teeth represent at least 

two individuals, being one of them between 1.5 and 2 years old, and the other between 6 

and 8 years old. All the teeth were analyzed as isolated teeth.  

 

Museu Nacional do Rio de Janeiro 
 

Cerca Grande site 

 

1321/1322/1324/1326/1332/1375/1400 

All these bones have the same label in the collection: Site 1, Shelter 2, Trench C 

and D, Square 3 and 4 and Burial 3. There are some numbers that belong to Level 3 and 

other to Level 4. At the first sight, the bones seem to form a single skeleton, including all 

anatomical parts from the skull to the feet. In addition, the sex morphology of the hip 

bone is in agreement with the skull morphology, both of them pointing to a male 
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individual. There are some fragments of bone that refit between different numbers. Below 

is the list of refitted bones. 

  

- Rib of 1322 with 1324 

- Umerus of 1321 with 1324 

- Hip bone of 1322 with 1321 

- Sternum of 1375 has anatomical logic with manubrium of 1322 

- Left clavicle of 1322 with 1324 

- Left femur of 1322 with 1324 

- Left radius of 1322 with 1324 

- Left fibula of 1322 with 1324 

- Left tibia of 1322 with 1400 

- Cranium of 1332 with 1326 

- Cranium of 1332 with 1324 

 

In addition, the bone colors and taphonomic marks match among the numbers.  

Extra bones found in this cluster of bones are: 

- Ulna epiphisis extra (1322) 

- Subadult fragment of long bone (1324) 

- Talus bone extra (1322) 

 

Despite all the agreements, there is a big issue concerning these bones. The left 

radius is 8 mm larger than the right. The left humerus and clavicle are slightly more 

robust than the right ones. These characteristics could point to either asymmetry or the 

presence of multiple individuals. In the second case, the excavator would have assembled 

in the same cluster of bones the left arm of an individual with the right arm of another. 

The femur also shows asymmetry, yet slight, with more robustness in the right one. In 

light of this picture, this investigation takes a conservative approach. We treat these 
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bones as isolated bones. It seems very likely that radius, clavicles and humerus are from 

different individuals.  

 

1316/1330 

1330 refits with 1316 (femur fragment). 

 

1327/1331 

It is likely that umerus of 1331 belongs to bones of 1327. 

 

1319/1335/1341/1342/1356 

All these clusters of bones have the same label in regards to site, shelter, square 

and burial. Thus, it seems likely that they belong to the same individual. This was the 

main criterion for grouping the skull with the post-cranium. In addition, there is no 

contradiction of sex and age between skull and post-cranium.  

Regarding the post-cranium, there are several connections between the clusters of 

bones. To name, fragments of scapula and fibula refit among 1341, 1342 and 1356. 

Fragments of hip bone refit with hip bone of 1341 and 1356. Right femur (1335) and left 

femur (1342) are symmetrical. Moreover, there are few repetitions of anatomical parts 

between the clusters of bones. Exceptions to this characterization of a single individual 

are: isolated teeth, which seem to belong to other individuals; fragment of jaw with teeth 

and a maxilla of 1356 were not considered from this individual because the number 

written on the bone was different; some fragments of the cranium from 1342 were not 
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included, because the fragments had color and taphonomy different from the rest of the 

skeleton. In short, I'm pretty sure this is a unique individual with some bones intrusive. In 

short, I am confident this clusters bone form one single individual with some intrusive 

bones. 

 

1334/1336/1338 

 All clusters of bones have the same archaeological identification (site, shelter, 

burial). Moreover, the skeleton is covered with red ocher, which gives a unity to it. The 

anatomical parts do not repeat, and they complement each other anatomically. The 

proximal tibia of the 1336, for example, is symmetrical to the proximal tibia of 1334. 

Fragments of the fibula in 1336 refit with fragments of 1338. Although the bones seem to 

form a single individual, two isolated teeth were not included in this individual since 

teeth elements are easily found in intrusive context. Finally, there is a fragment of 

proximal fibula labeled with shelter and trench numbers different from the rest of the 

bones. This fragment of bone was excluded from the analysis. 

 

1345/1364/1382 

All clusters of bones have the same archaeological identification (site, shelter, 

burial). Furthermore, they complement each other anatomically. The cluster 1364 

contains bones of cranium, cervical vertebrae and hand, while the 1345 cluster shows feet 

bones, long bones, pelvis and ribs. A bone fragment of 1382 refits with the femur of 

1345. 
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1344/1360/1381 

 These clusters of bone have the same archaeological labels (site, shelter, trench 

and burial). However, they seem to constitute two individuals if we look at the long 

bones. The first individual is very robust, and it seems to be a male. The second one is 

very gracile, suggesting a female. The femur of the 1360 is compatible with the femur of 

1344. The ulna of the 1381 refits with the ulna of 1344. The epiphysis of the humerus of 

1381 refits with the humerus of 1344, as well as the distal femur also refits between those 

numbers. I analyzed only the long bones by dividing them into one robust and other 

gracile individual. The age of the gracile individual was estimated using the fusion of 

epiphyses of humerus, radius and the femoral head. The age ranges between 20 and 25 

years. The robust individual is an adult. 

 

1377/1401 

They have the same archaeological labels associated with the bones. In fact, a 

fragment of the fibula in 1401 is compatible with the fibula of 1377, even though they do 

not refit. The problem with these bones is that in 1401 there are two opposite radius with 

different sizes. I am not completely sure if they are from the same individual. Thus, I 

have cautioned that these bones may be part of different individuals, depending on the 

normal degree of asymmetry found in this population. 

 

 

 



 

774 

 

1358/1366/1384/1387/1388/1397/1398/1399 

All these groups of bone have the same archeological label, consisting of burial 1 

site 1 and shelter 7. The bones of the group 1397 and 1398 compose the vast majority of 

this skeleton. Among these two numbers we refitted fragments of the right tibia and ulna. 

Moreover, the bones are symmetric and complementary such as radio and fibula. The 

taphonomy of this cluster is very similar, ranging from light color to yellowish with dark 

spots. A right femur with size and taphonomy compatible with this skeleton was found in 

the number 1358. The sacrum of 1366 fits into the hip bones of 1397, leading us to 

conclude that the calcaneous of 1366 also belongs to the skeleton. A clavicle in the 

number 1387 is symmetric to the clavicle of the opposite side of the number 1398, 

including similarities in taphonomy. Finally, the ribs of 1399 have the same taphonomy 

of the other bones of this cluster. The only exception to this pattern is a fragment of 

proximal tibia in 1397 that does not belong to the skeleton by anatomical means, also 

showing a different taphonomy. This fragment was excluded from the cluster. In 1358, 

there is a fragment of sacrum with an archaeological indication which is different from 

the rest of the skeleton. It was also excluded from the cluster. In short, this cluster of 

bones formed a single skeleton.  

I identified the skull of this individual as the number 1388. It contains the same 

archaeological label of the other numbers as well as the same taphonomic characteristics. 

Moreover, both post cranium and cranium are very gracile. A left fibula was found 

together with the skull refitting with the fibula of 1398. The jaw has three teeth lost 

premortem, being in accordance to the old age of the individual. However, sutures of the 
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skull are open. The skull was considered from the same individual of the post-cranium 

bones.  

 

1329/1370 

The most part of the bones of this individual belongs to the number 1329, 

including the skull. Both numbers (1329 and 1370) have the same archaeological label. I 

found two ulnas from 1370 which refit with 1329. However, the rest of the bones in 1370 

have different morphology and taphonomy of 1329. I included in this cluster only the 

ulna fragments from 1370 and all bones from 1329. In the final cluster, there is no 

repetition of anatomical parts, confirming these bones as belonging to a single individual. 

 

Lapa Mortuaria site 

 

833/834 

The number 834 is composed by two hip bones, scapula, foot bones, clavicle and ribs. 

The bones are well preserved with a dark brownish color. The hip bone is compatible 

with a female aged between 35-50 years old. The number 833 is composed by long bones 

with the same taphonomy of 834 (dark brownish). In addition, the size of the bones is 

compatible with a female individual. Four fragments of radius were not compatible with 

the bones of this female skeleton regarding size and taphonomy. These bones are one left 

and three right radiuses. These bones were treated as isolated, being labeled with the 
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letters “a” through “d” in the record. There is no repetition in the remaining bones of 

numbers 833 and 834. They were all treated as a single skeleton.    

 

838-847 

The number 838 is composed by a pair of calcaneus. The number 839 is the body and the 

manubrium of a sternum bone. The number 840 is composed by foot bones (tarsi) of both 

sides. The number 841 is composed by hand bones (carpi), foot phalanx, and left patella. 

The number 842 is composed by long bones of a small individual (female). The number 

843 is a well preserved left hip bone, being clearly a female aged between 20-35 years 

old. The number 844 is composed of long bones correspondent in size and taphonomy 

and not overlapping with the number 842. The number 845 is composed by vertebrae. 

The number 846 is composed by hand and foot bones. Finally, the number 847 is 

composed by 3o fragments of ribs with no rodent marks. The taphonomy is whitish with 

dark spots. The numbers 838 through 847 form a single skeleton of a young female 

regarding size, representation of bones and taphonomy. A right proximal ulna and right 

distal radius from 842 are not compatible in size and robustness with this female 

skeleton. These bones were treated as isolated and labeled 842x in the record of this 

investigation. 

 

1918/1919/1921/1922/1923/1925 

The number 918 is a well preserved sacrum with S1 and S2 partially fused. The number 

919 is a right temporal with slight exostosis. The mastoid bone is robust being compatible 
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with a male individual. The number 921 is composed by a pair of distal femurs. The 

number 922 is composed by is composed by hand and foot bones, and two patella from 

one individual. The only exception is an extra navicular bone. The number 923 is 

composed by fragments of vertebra, two scapulae, and ribs. The ribs do not show marks 

of rodent, and their taphonomy is whitish with some ribs with dark brownish color. The 

number 925 is composed by a calotte 40% complete. The skull refits with the skull 

fragment from 919. All these bones are similar in terms of taphonomy. In addition, there 

is almost no repetition of anatomical parts. The skeletal parts were considered one male 

adult individual (probably young). 

 

Lapa de Carrancas site 

 

627 

This number is composed by commingled bones from different individuals and 

anatomical parts. The skull fragments are very fragmentary, but it is possible to count at 

least four individuals using the orbits as parameters. There are nine fragments of 

mandible from nine different individuals labeled from “a” to “i”. It was found 23 loose 

teeth. Eight vertebrae were found that could be from at least one individual. There are 

three right and two left hip bones. One pair of hip bones is clearly from a male. There are 

at least three individuals using the hip bones. There are 2 left and 1 right patellae. These 

patellae probably belong to three different individuals. Tibia and femur are from at least 

two individuals. There are 5 fragments of right and 3 of left humerus. There are three 
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fragments of humerus of subadults from two individuals. The minimum number of 

individuals is 7. There are a body and a manubrium of a sternum in this number. Also, 

another sternum is attached to a tibia fragment. Regarding the radius and ulna, there are 

at least three individuals represented in addition to 3 different bones from subadults. 

There is a pair of clavicles and a right clavicle, counting at least two individuals. The 

scapulae also represent at least two individuals. Hand and foot bones represent at least 

three individuals. All these bones were analyzed as isolated bones. Considering the 

number of fragments of mandible, there are at least 9 individuals represented in this 

number. Adding the individuals from number 630 and 629, the minimum number of 

individuals is eleven, which is closer to the twelve individuals reported in the literature 

for this site.        

 

Lapa da Amoreira site 

 

The following numbers represent the site of Lapa da Amoreira: 813, 815, 818, 821, 822, 

907, 911, 926, and 927. These bones are commingled, representing crania and post-

crania. The number 927 represents at least three individuals, regarding long bones. The 

number 821 represents at least three individuals considering left femurs and proximal 

ulnae. The number 815 contains 4 right patellae and 6 fragments of mandible labeled 

from “a” to “f”.  The number 813 contains two mandible fragments labeled “a” and “b”. 

Bones from the sacrum and sternum indicates at least two individuals. The number 822 

showed three fragments of mandible that refit with the mandibles 815b, 813a, and 813b. 
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In addition, another fragment did not refit with any other number, being labeled 822. The 

number 907 is composed by a well preserved face and mandible. The number 818 

contains at least 5 individuals considering the number of orbits. In addition, there is 

another fragment of mandible. The number 911 contains face and maxilla of one 

individual. Counting the number of mandibles, there is at least 10 individuals represented 

in the collection of bones of Lapa da Amoreira.       

 

 


