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Abstract
111

This masters thesis in dental anthropology and bioarchaeology examines discrete, non

metric dental data collected from skeletal remains of a Middle Formative era Mexican 

population at El Pantano. This site is situated in Jalisco, West Mexico, and represents 

one of the earliest archaeological examples of transitional agriculture for this area. 

Materials recovered from the burials suggest that the yet-undiscovered settlement whose 

people used the cemetery had complex interactions with diverse Mexican groups, 

including the Olmec-linked site of Tlatilco in the Valley of Mexico, and also with groups 

as far away as Guatemala and the Andes mountains. Phenetic analysis of dental 

morphology shows results which are consistent with biological affinity between El 

Pantano and Andean populations, and also suggests that Tlatilco may be among the 

population’s closer relationships within Mexico.



Signature Page.........................................................................................................................iii

Title Page................................................................................................................................. iii

Abstract....................................................................................................................................iii

Table of Contents.................................................................................................................... iii

List of Figures........................................................................................................................viii

List of Tables............................................................................................................................ x

List of Appendices................................................................................................................. xii

Acknowledgments................................................................................................................. xiii

Chapter 1. Introduction............................................................................................................1

Project Overview.................................................................................................................. 1

Anthropological Context...................................................................................................... 3

Regional Context..................................................................................................................5

Early Agriculture in Mexico................................................................................................ 8

Long-Distance Contact in Prehistoric Latin America...................................................... 12

Chapter 2. The Site of El Pantano.........................................................................................16

Excavation of El Pantano................................................................................................... 16

Discussion of the Archaeology..........................................................................................25

The Skeletal Collection...................................................................................................... 28

Chapter 3. Methods of Dental Analysis............................................................................... 31

Table of Contents

Page



Dental Traits........................................................................................................................ 35

Dental Anatomy and Orientation.................................................................................. 38

Maxilary Traits................................................................................................................40

Mandibular Traits........................................................................................................... 44

Trait Presence/Absence...................................................................................................... 47

Chapter 4. Hypotheses and Testing Expectations............................................................... 50

Overview of Analytical Questions.................................................................................... 50

Dental Complexes...............................................................................................................53

Internal Heterogeneity........................................................................................................56

Affinity With Reference Populations................................................................................ 57

Chapter 5. Descriptive Results..............................................................................................65

Summary of El Pantano Dentition.................................................................................... 65

Trait Frequencies at El Pantano.........................................................................................66

Labial Curvature (UI1).................................................................................................. 68

Shoveling (UI1)..............................................................................................................69

Double-Shoveling (UI1)................................................................................................ 70

Tuberculum Dentale (UI2).............................................................................................71

Distal Accessory Ridge (UC).........................................................................................72

Uto-Aztecan Premolar (UP1).........................................................................................73

Hypocone (UM2)............................................................................................................73

V

Dental Morphology: Genetics and Development............................................................ 31



Cusp 5 (UM1).................................................................................................................74

Caribelli’s Trait (UM1).................................................................................................. 75

Parastyle (UM3)..............................................................................................................77

Root Number (UP1)....................................................................................................... 77

Peg/Reduced/Absent (UI2)............................................................................................78

Odontome (P)..................................................................................................................79

Lingual Cusps (LP2)...................................................................................................... 79

Anterior Fovea (LM1).................................................................................................... 80

Groove Pattern (LM2).................................................................................................... 81

Cusp Number (LM1 and LM2)......................................................................................82

Protostylid (LM 3)...........................................................................................................83

Cusp 7 (LM1).................................................................................................................. 84

Mandibular Root Traits.................................................................................................. 85

Congential Absence (UM3)...........................................................................................87

Torsomlar Angle (LM 3)................................................................................................ 87

Descriptive Comparison of Populations........................................................................... 88

Chapter 6. Analytical Results...............................................................................................91

Positioning among Regional Populations.........................................................................91

Internal Heterogeneity....................................................................................................102

Chapter 7. Discussion and Conclusions............................................................................ 106

Whence These Farmers?.................................................................................................. 106

vi



Discussion..........................................................................................................................114

Implications for Anthropology of Agriculture................................................................121

8.3 Implications for Migration and Movement Studies................................................. 122

Future Research................................................................................................................ 122

Conclusion.........................................................................................................................126

Bibliography..........................................................................................................................130

Interpretation of Results................................................................................................... 109



List of Figures

Page

Figure 1. West Mexico and the approximate position of El Pantano.................................1

Figure 2. Mexican sites linked through material culture to El Pantano...........................11

Figure 3. Municipalities of Jalisco.......................................................................................16

Figure 4. Mascota municipality, showing landforms typical of the area......................... 17

Figure 5. Archaeologist working at recovery site MA-52..................................................18

Figure 6. Site map of El Pantano........................................................................................ 20

Figure 7. Plot of calibrated radiocarbon dates from El Pantano.......................................22

Figure 8. Calibrated radiocarbon dates from El Pantano with overlap ellipse................ 23

Figure 9. Calibrated radiocarbon dates for El Pantano, Los Coamajales, and El

Embocadero II......................................................................................................................... 24

Figure 10. Hog molar from El Pantano..............................................................................26

Figure 11. Map showing West Mexico and regions outside of Mexico with apparent

connection to El Pantano....................................................................................................... 27

Figure 12. An unusually well-preserved skull from El Pantano.......................................29

Figure 13. Two incisors with shoveling present but differentially expressed..................32

Figure 14. Labeled permanent teeth of the left maxilla.....................................................38

Figure 15. Mesial (towards the midline) and distal (away from the midline).................39

Figure 16. Uto-Aztecan premolar from El Pantano...........................................................42

viii



Figure 18. Lower molar cusp numbers................................................................................45

Figure 19. Mandibular torus on lower jaw from El Pantano.............................................47

Figure 20. Map showing location of Mexican populations compared.............................. 58

Figure 21. Map showing Piura region and the Moquegua and Azapa valleys............. 601

Figure 22. Scree plot of component eigenvalues from initial PCA extraction.................92

Figure 23. Component loading plot of three PCA extractions...........................................93

Figure 24. Scree plot of second PCA...................................................................................95

Figure 25. Three-dimensional affinity plot of PCA............................................................97

Figure 26. Three-dimensional plot highlighting division of two groupss.........................98

Figure 27. Two-dimensional affinity plot of PCA..............................................................98

Figure 28. Dendrogram showing phenetic affinity clusters.............................................101

Figure 29. Arbitrary spatial division of burials into quads..............................................103

Figure 30. Pit hypoplasia from El Pantano....................................................................... 124

Figure 31. Linear hypoplastic constriction from El Pantano...........................................124

Figure 17. Upper molar cusp numbers................................................................................ 43



Table 1. Chronology of Mesoamerican prehistory.............................................................. 5

Table 2. Uncalibrated radiocarbon dates from El Pantano............................................... 21

Table 3. Uncalibrated radiocarbon dates for Los Coamajales and El Embocadero II 24

Table 4. Dental fields and key teeth.................................................................................... 34

Table 5. Dental morphology traits used in modified ASUS A S........................................ 36

Table 6. Threshold values used for presence/absence breakpoints of dental traits 48

Table 7. Internal analysis of dental morphology patterns................................................... 52

Table 8. Internal analysis of dental morphology patterns................................................... 53

Table 9. Reference populations compared in this study....................................................57

Table 10. Frequency by grade of Labial curvature (UI1)....................................................69

Table 11. Frequency by grade of Shoveling (UI1)............................................................. 70

Table 12. Frequency by grade of Double-Shoveling (UI1).................................................71

Table 13. Frequency by grade of Tuberculum Dentale (UI2)........................................... 72

Table 14. Frequency by grade of DARUC..........................................................................72

Table 15. Frequency by grade of Uto-Aztecan Premolar (UP1)....................................... 73

Table 16. Frequency by grade of Hypocone (UM2)........................................................... 74

Table 17. Frequency by grade of Cusp 5 (UM1)..................................................................75

Table 18. Frequency by grade of Carabelli’s Trait (UM1).................................................76

Table 19. Frequency by grade of Parastyle (UM3)............................................................. 77

X

List of Tables

Page



Table 21. Frequency by grade of Peg/Reduced/Absent UI2............................................. 78

Table 22. Frequency by grade of Odontome (P1,P2)........................................................79

Table 23. Frequency by grade of Lingual Cusps (LP1, LP2)........................................... 80

Table 24. Frequency by grade of Anterior Fovea (LM1)................................................. 81

Table 25. Frequency by grade of Groove Pattern (LM 2)................................................. 82

Table 26. Frequency by grade of Cusp Number (LM1).....................................................83

Table 27. Frequency by grade of Cusp Number (LM2).....................................................83

Table 28. Frequency by grade of Root Number (LC)......................................................... 86

Table 29. Frequency by grade of Root Number (LM1)...................................................... 86

Table 30. Frequency by grade of Root Number (LM2)......................................................86

Table 31. Frequency by grade of Tome’s Root (LP1)........................................................ 87

Table 32. Traits with reasons for exclusion or inclusion in inter-population analysis .... 89

Table 33. Trait presence percentages for eleven traits across ten samples....................... 90

Table 34. Components extracted by SPSS........................................................................... 91

Table 35. Component loading of the first three components extracted by PC A ..............93

Table 36. First three components of second PCA............................................................... 94

Table 37. Component loadings of the second PCA............................................................ 95

Table 38. Standard deviations for seven traits, by sample; generated by R-Web 1.03 . 105

xi
Table 20. Frequency by grade of Root Number (UP1)......................................................78



Page

Appendix A. Trait Scoring Standards.................................................................................147

Appendix B. Data Recording Form....................................................................................152

Appendix C. Raw Data........................................................................................................156

List of Appendices



Acknowledgments
xm

Thanks to Dr. Tammy Greene and Dr. Joel Irish for their invaluable instruction in 

the research approach and methods that are at the heart of this project; to Dr. Ben Potter 

and Dr. Patty Gray for the excellent grounding they gave me in the theory and method of 

archaeology and anthropology; to Abel Bult-Ito for expansion of my understanding of the 

human organism; and to Dr. Irish, Dr. Maribeth Murray, and Dr. Craig Gerlach for their 

advice, recommendations, and, yes, corrections, as my major committee.

Thanks to Dr. Laura Cahue, Dr. Joseph Mountjoy, and the Casa Cultura for 

providing me the opportunity for research, and for guiding me through the mysteries of 

West Mexico. I look forward to working them in the future, in whatever form this 

avenue of research develops for me. I have special gratitude for the Otto Geist Fund for 

financial support of my research, and for the National Geographic Foundation and 

National Science Foundation for their support of the El Pantano project. Without the 

ongoing support of INAH and local donors, the curation of El Pantano materials in 

Mascota would not be possible; thank you.

I also want to appreciate Laura Bender, Juan Goula, and Dr. Susan Henrichs of 

the UAF graduate school, each whom at various times extended great courtesy and 

assistance to me, and without whom the transactional side of getting a graduate degree 

would have been a nightmare. Thanks also to Karen and Mary who helped help the 

departmental side of the process sane and orderly for me.



Thanks to my wife Meghan for her support and encouragement, her patience with 

the many moods which accompany this sort of semi-long-term project, and her generous 

voluntary service as a research assistant on more than one occasion during the course of 

this project. Thanks to June (Mom) for taking the time to proofread and edit with her 

usual expertise and grace, during a time in her life when she had far more pressing things 

to be concerned with. Thanks to The Other Nick for taking the time to help me through 

difficult organizational issues in my own thesis while he was trying to wrap up the same 

sort of issues in his own. Thanks to the other family and friends for the time and spirit 

they put into helping me through the twists and turns of this learning, research, and 

writing process, which has its roots in preteen interest in archaeological mysteries, 

fostered by my family: Win (Dad), Seth (Brother), Amber (Sister-in-Law), Beryl 

(Gramma); Alysa, Andi, Luanda, and Phil.

And, lastly, thank you, Chayo, Rafa, Oscar, Martin, Laura, and people of 

Mascota, for giving me a home away from home in the summer of 2006. Gracias.

“It should not be Mascota; it should be Moscata."

— Dona Chayo over lunch one day, 

as we were surrounded by the usual swarm of flies (moscas)



1

Chapter 1. Introduction 

Project Overview

The aim of this project is to examine bioarchaeological evidence 

pertaining to the composition of the human population interred at El Pantano, a 

Middle Formative-era (-800 BC) cemetery in West Mexico. That region, roughly 

contiguous with the contemporary Mexican states of Nayarit, Jalisco, Colima, and 

Michoacan (Figure 1), is archaeologically defined by two main factors: (1) its

Figure l. West Mexico and the approximate position of El Pantano



location outside the area of direct Olmec presence; and (2) a low density of early 

cultural remnants from prior to the rise of agriculture in the Classical period 

(Diehl, 1989; Adams, 1991; Barrera, 1994; Townsend, 1998). In coastal and 

near-coastal parts of the region, there is an even greater scarcity of pre- 

agricultural archaeological evidence (Mountjoy, 1998; Williams, 2005). There 

has, therefore, been much discussion among regional specialists on how and when 

agriculture came to this area. The skeletal remains of the early agriculturalists 

interred at El Pantano retain valuable biological indicators of affinity (closeness 

of genetic relationship), which may shed light on how this particular group of 

farmers came together in what is now the state of Jalisco.

Discrete (non-metric) dental traits of these individuals will be used to estimate 

and analyze the degree of biological homogeneity within the overall population. The 

degree of similarity (or, conversely, of diversity) should reflect the extent of relatedness. 

Comparison of the El Pantano population to other populations will help to determine the 

likely affinities and origins of these early farmers. The results of this study will also help 

advance the understanding of how groups of people interact in times of movement and 

change, and will examine links between the movement of prehistoric people and the 

appearance of new cultural practices, by studying the origins and diversity of people on 

the cusp of the introduction of agriculture into Jalisco. Like Flannery (1986), this project 

is not geared to answer why agriculture came to West Mexico, but to address part of how 

agriculture came to West Mexico. As Mountjoy has asked, “What did these early ca. 700 

-  800 B.C. settlers in the tiny, out-of-the-way, highland valley of Mascota have that was
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so important that they were tied into an exchange network that reached south to 

Guatemala and Peru?” (Mountjoy, 2002: 8).

Anthropological Context

The movements and inter-group contacts of prehistoric people have been the 

subject of interest throughout the modem era of archaeology. Most inquiries have been 

on a macro level -  using high-level theories of cultural diffusion and migration in order 

to develop models of movement and change in human culture writ large. Most 

commonly, this has been studied through case studies of change and variation in artistic 

or stylistic motifs on material culture, or particular modes of technology (Anthony, 1990; 

Clark, 1994; Burmeister et al., 2000). The materials-driven approach is the heart of 

sweeping regional studies of diffusion (Childe, 1931; McKern, 1939) and studies of 

regional movement (Daniel, 2001; Donaue and Lovis, 2006) as well as of more confined, 

stratigraphic studies called cultural sequences (Strong and Evans, 1952; Donnan, 1973). 

When other variables are included, as in contemporary, interdisciplinary studies on 

colonization (Greenberg et al., 1986; Powell, 2005), the goal is broad and does not 

consider the movement of particular groups of people. There have, in fact, been 

comparatively few attempts to examine prehistoric movements and contact on a micro

level, outside of general systems modeling derived from mobility and foraging theory 

(Komfeld, 1999; Surovell, 2000). These studies may produce useful deductive tools, but 

do little to advance our knowledge of how actual people formed groups, moved about the 

landscape, and developed new group associations in new settlements or with existing



settlements in their new home. In fact, there is often an explicit linkage between the 

notion of archaeological cultures and the materials that they produced, so the people fade 

into the background or shift into a support role and the typologies or variations 

themselves become the focus (Kidder and Kidder, 1917; Kelley and Winters, 1960; 

Binford and Binford, 1966; Fish and Fish, 1994).

A desire to move beyond material variation and systems theory in order to 

examine the movements of people per se is at the heart of recent mid- to micro-level 

regional, prehistoric affinity studies. These studies examine human skeletal remains in 

their archaeological context, in order to establish the origins of and degree of 

heterogeneity within prehistoric populations whose DNA cannot be recovered (Irish, 

1993, 1997, 1998a, 1998b, 2005, 2006). There have been few attempts to pursue this line 

of research in the New World without reliance on modem populations to stand-in for the 

prehistoric antecedents (Haydenblit, 1996; Sutter, 1997, 2006). This despite long

standing interest in questions about population movements and group contacts both large 

and small. For example, do the apparent “movements” of ceramic styles correspond with 

the movements of groups of people or of technological ideas? Was the rapid spread of 

Clovis point technology accomplished through the rapid migration of people or through 

the sharing of ideas between groups of people who only occasionally came into contact? 

Did New World agriculture spread northward, southward, or outward from a central point 

of origination? Does the Mochica artistic tradition of Peru correspond to a Moche polity? 

In this project, I will take one case study in West Mexico as an opportunity to examine 

this sort of question in the New World: was the development of agriculture spread by one



group of people moving about Mexico, or by the contact and interrelationship of people 

from diverse backgrounds and areas.

Regional Context

The prehistory of Mexico, as with Mesoamerica, Latin America, and the New 

World in general, is often divided by scholars into eras for ease of reference (Table 1) 

The chronology most often used today has deep roots, but was perhaps best codified

Table 1. Chronology of Mesoamerican prehistory

Era Dates Characterized By Exemplified By

Paleo-Indian ca. 20,000- 8000 BC Colonization of the New Paleo-Indians

World; lithic tools

Archaic ca. 8000 -  1500 BC Increased technology and Pre-Olmec

Table 1. Chronology of Mesoamerican prehistory 

Era Dates Characterized By Exemplified By

Paleo-Indian

Archaic

ca. 20,000- 8000 BC 

ca. 8000- 1500 BC

Colonization of the New 

World; lithic tools 

Increased technology and 

permanence

Paleo-Indians

Pre-Olmec

Formative 1500 -  1000 BC Development of farming Olmec, Tlatilco

1000-300 BC Farming concentrates in 

highlands

Olmec, El Pantano

Classic

300 BC -  AD 300 

AD 300 -  900

Increasing technology and 

complex society 

Urban and centralized

Teotihuacan

Maya

Post-Classic AD 900-c a . 1520 Militarism and decline Aztec



during the transition away from traditional eultural-history archaeology (Willey and 

Phillips, 2001 [1958]; Willey, 1962; Deetz, 1967; cf. Trigger, 2006). The initial scheme 

has then been continually refined as advances in knowledge and method both allowed 

and required greater precision (Coe, 1982; Adams, 1991; Townsend, 1998).

This chronology, which attempts to reflect both technological achievement and 

social organization, begins with the Paleo-Indian period, which is associated with the 

colonization of the new world and a basic lithic technology. In Mesoamerica, this era is 

usually thought of as being prior to ca. 8000 BC (Coe, 1982). The Archaic period 

follows, broadly characterized by more frequent and more refined tool creation, as well 

as increasing use of longer-term occupation sites and the development of horticultural 

subsistence, and hence an increase population density (Marcus, 1976; Flannery, 1986; 

Adams, 1991). During the Formative era, dated from ca. 1500 BC to AD 300, 

Mesoamericans began to regularly domesticate both plants and animals and to engage in 

a more settled lifestyle (Deetz, 1967; Marcus, 1976; Townsend, 1998). Particularly at 

the outset, the climate was more humid and friendly toward the development of extensive 

plant domestication (Adams, 1991). Further changes in the climate are presumed to have 

driven the move towards highland planting during the Formative, and the subsequent 

implementation of technologically-driven, heavily organized agriculture (Demarest,

1989; Grove, 1989; Adams, 1991). The Classic period (ca. AD 100 -  AD 900) is then 

characterized by full-blown agriculture, centralized societal controls, and generally urban 

civilization (Willey, 1962; Coe, 1982). The chronology concludes with the post-Classic, 

which tends to be regarded as showing secularization, militarization, and decline in



quality of architecture and art (Deetz , 1967; Coe, 1982). It is the Formative period that 

is often most useful for studies of development and change, as it spans the complicated 

transition from foraging and horticultural society to pastoral and agricultural forms of 

subsistence.

Reconstructing this chronology in the archaeological record of West Mexico is an 

interesting endeavor. On the one hand, the pre-Classic record is predominately restricted 

to few sites and sites containing relatively meager archaeological samples. On the other 

hand, the time depth of the region is actually quite deep, including what has in the past 

been reckoned as among the earliest evidence of pottery in all of Mexico, ca. 2400 BC 

(Meighan, 1974). Within Jalisco, the area immediately around Guadalajara begins to 

show more abundant archaeological materials beginning with the Early Formative period 

(Townsend, 1998). West of Guadalajara, however, the record grows thinner again, 

losing density and time depth, and becomes increasingly restricted to the Late Formative 

or Early Classic and later periods (Mountjoy, 1998) . The contemporary town and 

municipality of Mascota lies amidst arboreal highland valleys in the middle of this poorly 

understood area. Near Mascota, at the edge of a cultivation zone on the site of a 

prehistoric lake, investigators have unearthed a cemetery, given the name El Pantano (lit., 

“the swamp”). This site dates to the Middle Formative, and its more than forty burial pits 

suddenly link this formerly shadowy period of West Mexican prehistory to agriculture, 

and to an incredibly large portion of pre-Columbian world.



Early Agriculture in Mexico

The development of agriculture and, more generally, the domestication of key 

New World crops like maize is an important research problem, and one that has 

preoccupied many archaeologists for more than one hundred years -  from interest in the 

importance of domesticated crops in sustaining pre-Columbian populations (Brinton, 

1887; Kroeber, 1934; Spinden, 1936), to interest in the parallel or inter-dependent 

development of agriculture in Mexico and Peru (Coe, 1960; Lanning, 1963) and even the 

precise timing and manner of the earliest efforts in cultivation (Flannery, 1968, 1986; 

Pipemo and Flannery, 2001). It is not necessary for this study to presuppose anything 

about the priority of Mesoamerica or Andean South America in the development of 

agriculture, nor about the initial moment of that first New World human cultivation act.

It is enough to take as given the existence of some scale of agriculture in Mexico and 

Mesoamerica involving the domestication of maize for at least one thousand years prior 

to El Pantano (Flannery, 1973; Coe, 1982; Lowe, 1989; Diehl, 1989; Adams, 1991), and 

of similar practices in the Andes at least contemporaneous with El Pantano, if not 

somewhat previous to it (Flannery, 1973; Grobman and Bonavia, 1978; Bonavia and 

Grobman, 1989; Bird, 1990).

Likewise, it is not necessary for this study to resolve the question of whether 

agriculture was developed through co-evolutionary process, systematic inevitability, the 

innovation of special human individuals, or any other particular method. These are 

important lines of inquiry, but their resolution does not necessarily impact later 

development of agricultural practice. It is sufficient again to simply assume the prior

8



development of agriculture by people outside of West Mexico before the time period 

represented by the cemetery at El Pantano (Fernandez and Deraga, 1994; Palafox, 1994; 

Townsend, 1998; Mountjoy, 1998).

Of greater relevance to this project, however, is a general time-space impression 

of how agriculture moved about Mexico. Establishing a general pattern will help to 

highlight the position and importance of El Pantano. During the Formative period, 

agriculture was already being practiced along the Gulf Coast by the Olmec (Coe, 1982). 

By ca. 1300 BC they may have practiced some kinds of water control and labor 

organization, as well as tilling on a small scale by ca. 600 -  450 BC (Lowe, 1989). While 

some argue that Olmec agriculture focused initially on manioc cultivation, the 

archaeological evidence is dubious -  but clear on the growing importance of at least an 

early form of maize (Diehl, 1989). During this same period, agriculture was spreading 

into other parts of Mexico and Mesoamerica, including West Mexico (Adams, 1991; 

Townsend, 1998).

Having been dated to the Middle Formative period, El Pantano affords a unique 

window into the prehistory of agriculture in West Mexico, a prehistory obscured more 

than in some other areas by the parsimonious character of the early archaeological record 

itself. In light of the sparseness of pre-agricultural remains, how did agriculture arrive 

here (Palafox, 1994; Townsend, 1998; Mountjoy, 1998)? One hypothesis would be that 

the local people lived simply, making few archaeologically permanent marks on the land 

until they came into contact with other agriculturalists nearby in the pursuance of trade, 

social relationships, or other activity. This type of transition would follow the classic

9



model of change through peaceful diffusion, the passing of ideas from one group of 

people to another through normal contact with one another (Deetz, 1967).

The dominant hypothesis in West Mexican archaeology, however, has been that 

the first people to bring agriculture to the region were, in fact, small-scale farmers who 

were displaced by the rise of the Olmec on the periphery of this region, or perhaps even 

agriculturalists within the Olmec hegemony who were forced to relocate (Mountjoy,

1998). Such a relocation may especially have occurred from the south, where -  more 

than in their Gulf Coast heartland -  the Olmec engaged in massive public works projects 

and resource exploitation on a large scale (Marcus, 1989). Between 900 and 700 BC 

there was a particular escalation of these activities, which may very well have encouraged 

the movement of their own highland farmers into neighboring territories. A number of 

Olmec cultural practices, including possibly agriculture, are also thought to have spread 

southward into Central America in this fashion (Demarest, 1989).

However, other pressures can force relocation, such as environmental stress or 

resource depletion (Kelly and Todd, 1988; Schlanger, 1988; Amick, 1996; Jannsen and 

Scheffer, 2004). The distinguishing character of this hypothesis is not the force behind 

the relocation, but rather that it involves not the transmission of knowledge or 

technology, but the physical movement from one place to another of a group of people 

socially or biologically tied to the Olmec. There is some anecdotal support for such a 

phenomenon in cases like Chalcatzingo, an Early Formative site in central Mexico, about 

120 km south of Mexico City in Morelos (Grove, 1989). This Olmec-connected 

settlement, also linked to Tlatilco and other, larger settlements in the same region, is



thought to have met its end as people abandoned it in the Middle Formative for more 

successful, irrigable farm lands in the highlands (Grove, 1989). There is a certain 

consistency between this proposition and the apparently sudden appearance of agriculture 

in West Mexico and elsewhere. Until recently, however, this discussion has not been 

able to take advantage of much evidence outside the movement of ceramic styles.

The debate has been given new life at El Pantano, a cemetery in Jalisco which 

dates to ~ 800 BC, Mexico’s Middle Formative Era, when agriculture was in the midst of 

its development. El Pantano (lit., “The Swamp”) was first uncovered when a local farmer 

was clearing land for a drainage project. Formal excavations began in 2001 and 

concluded in 2005, with five distinct field seasons overseen by Dr. Joseph Mountjoy. 

From the very beginning, there was ceramic and other material evidence linking El 

Pantano to other Mexican sites such as Tlatilco, Capacha, and El Openo, as well as with 

Guatemala and Peru (Mountjoy, 2001, 2001a; Figure 2).

Figure 2. Mexican sites linked through material culture to (1) El Pantano: (2) Campacha, (3) El 
Openo, (4) Tlatilco.



Later isotopic analysis confirmed that this cemetery represents a settled 

population in transition toward an increasing reliance on maize in its diet (Cahue et al., 

2002), and ceramic evidence to reinforce the idea of relationship between this population 

and Peru or Ecuador (Mountjoy, 2002, 2003). The apparently complicated and far- 

ranging inter-regional relationships evidenced in El Pantano has added a third hypothesis 

to the discussion of agricultural origins in West Mexico: that perhaps agriculture was 

introduced via a population relocated from the Andes mountains in South America.

Long-Distance Contact in Prehistoric Latin America

Mesoamerica, as a concept, is naturally an external, organizational tool. With 

some basis in geographic structure, in linguistic groups, and perhaps in cultural trends, 

the concept can all too often become reified in the minds of researchers. This 

actualization of inferred or implied boundaries is where most considerations of long

distance relationships in the ancient New World get bogged down. Any serious 

consideration of whether there was contact over great distance needs to move beyond 

questions framed in such terms as, “between Mesoamerica and South America,” or 

“between Mexico and Peru,” or “among far-flung groups of people in the realms of the 

Aztec, of the Maya, and of the Inca.” Instead, as with any other archaeology of 

exchange and interaction, it should be studied either in the abstract (as models of long

distance movement perhaps) or in the particular (by addressing a specific question in the 

record). The archaeology of El Pantano has raised a question. More than one burial in 

the cemetery contains pottery that not only bears decorative motifs resembling those



common to Andean ceramics, but that are also of technological construction very like 

Andean pottery forms and very much unlike anything known to have been produced in 

Mexico (Mountjoy, 2001, 2002). By what mechanism did such pottery end up in a 

Middle Formative cemetery in a highland valley of West Mexico?

Early prehistoric relationships between Mesoamerica and the Andes is not a new 

topic for archaeological inquiry, but interest in such contact has been considerably less 

for the past 35 years or so. Early archaeologists were quick to draw connections between 

what they called the great civilizations of Mexico and those of Peru, but they have little 

reason to do so beyond a conception of racial unity (Brinton, 1887; cf. Trigger, 2006). 

Most likely, many simply could not conceive of multiple advanced civilizations 

developing independently in this primitive New World. A little later on, Kroeber (1945) 

spoke of a unified cultural world that included Mexico and Peru, allowing for both unity 

and diversity as in the ancient Greek and Roman worlds. His construction was more 

advanced in structure and theoretical frame, but was tied very strongly to material goods 

typology. It was also linked in with ideas like those of Spinden (1936), whose New 

World Chronology suggested a strong north-to-south influence, to the point at which a 

perceived influx of South American goods into Mexico was initiated by Toltec 

dominance and not the Andeans themselves. Too, these hypotheses were unnecessarily 

but unequivocally linked to a very shallow time depth and old concepts of innovation 

stemming from leisure. Take the following excerpt from Spinden for example:

The American Indian is racially related to the tribes of Siberia, and his ancestral 

culture seems to have been . .. somewhere between 2500 and 2000 B.C . . .  There is,
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however, a vociferous American school who would like to have man in America at a 

much earlier time, say 10,000 B.C., or even 20,00 B.C. if it were possible. The reply 

which must be made to these is that . . .  man in the Old World had not yet attained to 

the minimum stage of culture disclosed in all parts of America by the most primitive 

archeological remains. (Spinden, 1936, p. 177)

Because these discredited claims were so doggedly attested by Spinden, arguably the 

strongest early voice in archaeology for long-range interaction in the New World, the two 

ideas were linked in the minds of many scholars (viz. Trigger, 2006). The rejection of the 

one set therefore dictated the rejection of the other.

In the 1950’s, Mexican and Mesoamerican archaeologists were largely 

uninterested in researching this topic. From the other direction, however, there was a 

developing interest among Andean archaeologists in long-range connections to 

Mesoamerican cultures (viz. Willey, 1955, 1962; Bennett and Bird, 1960). There are 

probably a number of reasons for this difference. First, there was increasing evidence 

within the Andes of long-range movement and interaction along South America, based on 

Peruvian valley deposition of minerals, feathers, and other materials from Chile, Ecuador, 

the Peruvian highlands, the Amazon basin, and possibly the Central American isthmus 

(Bennett and Bird, 1960). Second, while both archaeological traditions owe a lot to art 

history, there was an even stronger emphasis on iconography among researchers in the 

Andes, allowing them to draw connections between what they viewed as shared 

symbolism and pictographs (Willey, 1953). Third, the volume of high profile work was 

focused on the prehistoric Andes at this time, likely allowing a slightly greater degree of



freedom to explore broad questions rather than having to drum up funding and interest in 

site-geared projects.

In the next decade, publications from Mexican archaeologists began to surface 

with their own suggestions of Andean connections. Sometimes, these were tied into 

particular finds, such as a series of bas-relief stellae in the Valley of Mexico that 

resembled finds from Cuzco in Peru, but resembled nothing previously found in Mexico 

(Wicke and Bullington, 1960). The heart of the resurgence, however, centered around 

increasing knowledge of the Olmec and the antiquity of Mesoamerican maize 

domestication (Coe 1960, 1962, 1963). At the same time, however, these suggestions 

were ably deflected by Andean scholars like Lanning (1963). Coe’s arguments were 

linked to diffusionism and the Spinden hypothesis of Mesoamerican primacy, and seemed 

to be driven by correspondence in the outward form of material culture. Rejoinders like 

this, coming as they did from Andeanists, also signaled the end of much interest in long

distance interaction from scholars on the southern part of the continuum.

Mainstream research into Andean-Mexican connections has remained basically 

static since the late 1960’s. A few exceptional studies have examined long-distance 

exchange by sourcing materials to track the movement of resources across Mesoamerica 

(Pires-Feirrera, 1976), but these have been few and far between. The El Pantano project 

is an opportunity to use a similar approach to track the movement of people, rather than 

materials, and thereby examine long-distance movement and interaction without taking 

on the burdens of diffusion and the Spinden hypothesis.
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Chapter 2. The Site of El Pantano 

Excavation of El Pantano

El Pantano is situated in an agricultural area just outside of the town of Mascota, 

the head city of the Mascota Municipality in Jalsico, Mexico (Figure 3). The 

municipality is in the foothills of the Sierra Madres Occidental, just east of the coastal 

municipality of Puerto Vallarta and approximately 400 miles west of Guadalajara. This 

area is remarkable in the Western Hemisphere for its heavily volcanic geology (Adams, 

1991; Ferrari et al,

1999), There is a 

high concentration of 

active volcanoes in 

Mascota and their 

historical impact on 

the landscape is 

noticeable in terms of 

crater lakes and ashen 

soil (Mountjoy,

2001). The cemetery

site of El Pantano 

itself is located in

Figure 3. Municipalities of Jalisco, showing Puerto Vallarta 
(PV), Guadalajara (G); and Mascota in white with a dot in 
study area.



natural flats at the base of rolling, wooded hills. At present, these flats are used 

primarily for family-operated com fields and cattle ranches (Figure 4), but in prehistoric 

times most of these landforms would have been covered in dry scrub during the dry 

season and stagnant marsh water during the rainy reasons (Mountjoy, 2000, 2001).

Figure 4. Mascota municipality, showing landforms typical of the area

It was agriculture that first exposed El Pantano to the light of contemporary 

interest in 1997 (Mountjoy, 2001, 2002). Typical of this seasonally inundated area, it 

was the landowner’s need to improve the drainage of his fields that first broke soil at El 

Pantano and allowed it to be recognized as a prehistoric site. When his bulldozer trench 

exposed ceramics and skeletal remains in 1997, the landowner commenced his own 

private archaeological excavation. He and his family dug through the dirt and extracted
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artifacts and skeletal fragments more carefully than most private individuals in this area, 

but they kept few records and followed no scientific protocol. Because of poor 

provenience, a certain amount of data has therefore been lost (Mountjoy, 2002; 

Mountjoy, personal communication, 2006).

However, when the site came to the attention of Mexican authorities, they asked 

Dr. Joseph Mountjoy, then of the University of North Carolina Greensboro, to coordinate 

an emergency archaeological excavation of the site, a common recovery procedure in 

Jalisco (cf. Figure 5). Mountjoy was well-acquainted with West Mexican burials and 

archaeology from previous field research (e.g., Mountjoy, 1970, 1982, 1989) and 

specifically with the prehistory of Jalisco, because of long-term research on petroglyphs 

in the area (Mountjoy, 1987). Mountjoy commenced the first formal field season at El 

Pantano in 2000, and excavations continued each summer through 2004. Physical

anthropology during the 

field seasons was 

overseen by Laura Ebb, 

Dr. David Weaver, and 

primarily by Dr. Laura 

Cahue. At the 

conclusion of the last 

field season, the site 

was returned to the 

land-owner, who was

Figure 5. Archaeologist working at recovery site MA-52, 
cleared by a bulldozer in preparation for drainage, much 
like El Pantano.



thereby released to at last undertake his intended drainage project. The site is no longer 

detectable on the landscape, and neither is it accessible for further research.

El Pantano contained the burials of at least 120 -  140 adults and another 20 or 

more juveniles. Given the taphonomic bias against young bone and the greater difficulty 

in accurately separating distinct juvenile skeletons from partially commingled burials, the 

number of children and youths originally buried there was likely to have been much 

higher. Approximately 40 burials pits have been associated with the primary component 

of El Pantano. These pits lack formal structure (in contrast to the shaft and tomb burials 

common a short while later in West Mexico) but appear to have been dug as units, and in 

layers, with a thin layer of soil the only separation between one level and that 

superimposed above it (Mountjoy, 2002; Figure 6).

While exact determination of the number of individuals in the cemetery has yet to 

be completed, it is known that over 80% of the pits were multiple burials. Within each 

pit, individuals varied in both age and sex, as well as burial position. Some burials were 

extended, some flexed, and some in bundles. This sort of variation has been linked at 

other sites to differences in social status (c f  Tolstoy, 1989), but in those cases the 

variation is generally from one individual burial to another. At El Pantano, the variation 

is among individuals within the same multiple burial unit. It is thought that different 

burial positions here indicate different stages of decomposition and articulation at the 

time of interment. Thus, El Pantano was likely used for seasonal burial events during the 

dry season when it was far more feasible to work the ground than during times of 

torrential rains and flooding (Mountjoy, 2001, 2006).

19
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Figure 6. Site map of El Pantano, prepared by Joseph Mountjoy. The tinted line 
indicates the extent of site excavation. The solid lines indicate IVIiddle Formative 
burial pits. The dashed lines indicate intrusive burials from later periods.



This scenario is not thought to be unique to El Pantano, and has been offered 

repeatedly as an explanation for shaft-and-chamber tombs as an alternative to their being 

considered family burial vaults that were re-opened year-after-year for re-use (Mountjoy, 

1998, 2003). This interpretation is consistent with the fact that, at El Pantano, there is no

apparent distinction among individuals of different burial position according to sex, age,

or status (Mountjoy, 2001, 2002). If El Pantano was therefore a seasonally-used 

cemetery, each burial pit should represent approximately a single year of use, suggesting 

that this cemetery may have been used for around 4 5 - 5 0  years.

Initial archaeological evidence immediately suggests the burial pits are roughly 

contemporaneous, within the tolerances of 

approximately half a century’s use.. There is strong

continuity in the basic material culture represented by 

grave goods, and the general structure and internal 

variability of the burials. Moreover, all burial pits 

appear to have been dug into the same volcanic stratum, 

comprised primarily of white ash which has been 

tentatively traced to a volcano just over a kilometer from 

the cemetery in a region where distinct volcanic strata 

have been laid down frequently (Adams, 1991;

Mountjoy, 2002).

The primary cultural component of El Pantano has been dated to ca. 800 BC 

(Table 2), radio-carbon assays having been obtained from charcoal found in the burial

Table 2. Uncalibrated 
radiocarbon dates from El 
Pantano

Sample Uncalibrated Date

EP1 790 BC ± 40

EP2 740 BC ± 40

EP3 740 BC ± 40

EP4 690 BC ± 40

EP5 670 ± 40

EP6 390 BC + 50



matrix of sampled burial pits. When calibrated to a 95% confidence level, the dates span 

the Middle Formative (from ca. 1000 BC at the earliest standard deviation to ca. 390 BC 

at the latest). Using OxCal v. 4.0 software (standalone edition) and the IntCal04 

calibration curve for terrestrial samples, the original assays have been calibrated and 

plotted against each other with 95% confidence (Bronk Ramsey 1995, 2001; Reimer et 

al., 2004; see Figure 7).

Figure 7. Plot of calibrated radiocarbon dates from El Pantano

While the overall span of the confidence tails might seem large, an encompassing 

ellipse can be sketched which shows not only how closely most of the ranges overlap, but 

also how neatly the ellipse centers right around 800 BC. The ellipse, designed to 

minimize range while including portions of the high confidence zones of every assay,



suggests a conservative range of about 940 -  700 BC for overlap, and, more liberally, 

perhaps as narrow as 820 -  780 BC (see Figure 8).

Figure 8. Calibrated radiocarbon dates from El Pantano with a potential overlap 
ellipse superimposed.

The source charcoal for these dates appears to have been created by a clearing 

fire used by the local population in the preparations of the land for use as a cemetery 

(Mountjoy, personal communication, 2007). The estimation of 800 BC should, 

therefore, not be seen as a centroid date for the use of the site. Rather, it should better be 

understood as approximating the founding date of the cemetery. This shared cultural 

activity, together with the stratigraphic evidence, strengthens confidence in the 

radiocarbon dates.

In addition, Mountjoy has obtained radiocarbon dates from two other Middle 

Formative sites in the Mascota valley, Los Coamajales and El Embocadero II
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(Mountjoy 2006a, 2006; Table 3). When these dates are calibrated in OxCal against the 

same curve, the general overlap with the El Pantano
Table 3. Uncalibrated

dates is striking (Figure 9). This overlap appears to radiocarbon dates for Los
Coamajales and El

substantiate the temporal positioning of El Pantano. Embocadero II

While this analysis suggests that El Pantano 

was first and mainly used as a cemetery during the 

Middle Formative period, there is considerable 

evidence for re-use of this area in later time periods. 

Later use is attested to by a handful of both tangential

Sample Uncalibrated Date

LC1 890 BC ± 40

LC2 730 BC ± 40

EEII1 650 + 40

Figure 9. Plot of calibrated radiocarbon dates for El Pantano, Los Coamajales, and 
El Embocadero II



and intrusive burial pits, as well as surface-recovered materials from the late Formative 

and Classic periods, and an intrusive trash pit (Mountjoy, 2001, 2002, 2003, 2005).

Excavators dug the entire boundary of the cemetery and searched for evidence of 

other sites in the immediate proximity, but found little or none. It is likely that any 

Middle Formative occupation site which was associated with this cemetery was 

obliterated by the activities of later populations. Any habitation site in the immediate 

vicinity could only have been located either on the hillside or the marshy plain, making it 

also quite vulnerable to flooding and soil erosion (Mountjoy, 2003, 2005).

Discussion of the Archaeology

Apart from the stylistic dating of the site to the Middle Formative, the primary 

archaeological evidence for placing El Pantano amidst the development of agriculture is 

the presence of a variety of grinding stones in the burials (Mountjoy, 2002). These are 

typically the paraphernalia of agriculture with its increasing dependence on dietary 

maize. The comparative lack of advanced agricultural tools (as for working the earth) 

further suggests that the practice of farming was still transitional and not fully-developed 

into what it would later become. Such developmental stage at El is closely parallel to 

that ascribed to the Olmec of the Middle Formative (Lowe, 1989). At the same time, the 

recovery of such items as cookware, personal tool kits, and simple jewelry has been 

interpreted to suggest the people who used this cemetery were living a settled, 

community form of life, probably not too far from the site itself (Mountjoy, 2003). Few 

faunal remains were found in the site, apart from a few ceremonially altered hog incisors
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Figure 10. Hog molar from El Pantano

2002; cf. Weigand and Beekman, 1998; Anawalt, 1998). The archaeology of West 

Mexico has been described as being as different internally as it is to the archaeology of 

the rest of Mesoamerica (Adams, 1991). El Pantano perhaps exemplifies that simply 

because of the breadth of its connections to other site and cultural traditions. There are 

numerous examples of pottery whose form connects the site to Tlatilco in the Valley of 

Mexico, and figurines which relate El Pantano to Capacha in Colima and El Openo in 

Michoacan (Mountjoy, 2002, 2003, 2005). Connections to the Andes are suggested by 

double-spout-bridge pottery, a stirrup spout vessel, a piece with a negative embossing, 

and a bottle with a phallic spout (Mountjoy, 2002). The phallic theme and one vessel that 

may represent waterfowl have suggested that the Andean influence is from the Early 

Vicus culture (Mountjoy, 2003). The Vicus culture was probably native to the Piura 

region, what is now the borderland between Peru and Ecuador, and has been dated to the 

same general time as El Pantano (Larco Hoyle, 1965; Mejia Xesspe, 1965).

and a few un-altered non-human teeth 

which do not appear to have been 

associated with any animal skeletons 

(Figure 10).

The ceramics from the cemetery 

display many stylistic and technological 

indications of prehistoric contacts with

other regions in Mexico, Guatemala, and 

possibly Peru or Ecuador (Mountjoy,



Some suggestions of long-distance interaction stem from more than stylistic 

comparison. Some jewelry, for instance, has been linked to Guatemala, not because of its 

form or design but because of the jadeite from which its beads are fashioned. This 

material has been tentatively sourced to the Motagua Valley in Gautemala (Mountjoy, 

2002, 2003, 2005). Previous research into Guatemalan obsidian exchange has found a 

series of overlapping trade patterns which connect Guatemala to southern Mexico and 

from there to the Valley of Mexico (Pires-Feirera, 1976). It is possible that the 

Guatemalan source material at El Pantano represents an extension of that trade network 

westward, via connections with such Central Mexican sites as Tlatilco.

Figure 11. Map showing West Mexico and regions outside of Mexico with apparent 
connection to El Pantano



Not everything at the site is either typical of West Mexico or tied to an exotic 

locale. Some of the material culture (particularly jewelry) recovered at El Pantano is 

uncommon anywhere in the Mesomarican record. These finds include a number iron 

pyrite doublet gemstones, which have subsequently also been found at other local Middle 

Formative sites (Mountjoy 2001, 2002 2003, 2005, 2006a). Among the jewelry is also a 

singular quartz pendant that features the earliest known faceted gemstone in the New 

World (Mountjoy, 2002). Artifacts like these seem to confirm the overall uniqueness of 

El Pantano’s early agricultural population. Biological analysis of affinity should help to 

establish whether group composition or origins played a significant role in this 

uniqueness. If, as Mountjoy suggested, the reasons are mysterious for any group so 

remote as Guatemala or the Andes to have a trade interest in El Pantano, perhaps the 

reasons can be found in ties more personal than those of resource exchange. Likewise, it 

is possible that the accumulation of peculiar goods at El Pantano is simply the result of 

its being part of a trade network with Campacha, El Openo and other West Mexican sites 

already shown to have connection to possible trade centers like Tlatilco. If this is the 

case, then the affinity of El Pantano should show the population as nestled comfortably 

among other prehistoric Mexicans.

The Skeletal Collection

Most of the skeletons recovered from El Pantano are very fragmentary, though a 

few bones have been able to be analyzed, e.g., a tibia and a radius that were both 

determined to have been artificially perforated (Mountjoy, 2003). Very few crania were



recovered in their entirety, though a few remain whole through the retention of 

maintaining dirt 

packs from the 

burial matrix 

(Figure 12).

The ground 

in which many of 

the El Pantano

grave pits lay was 

quite wet and some

of the land was Figure 12. An unusually well-preserved skull from El Pantano

already within the

heavily-fertilized agricultural disturbance zone, even prior to the construction work 

(Mountjoy, 2002). Consequently, DNA and protein preservation is poor, but stable 

isotope analysis has been possible for a small sample -  enough to reveal the inclusion of 

maize in local diet (Cahue et al., 2002). There is not enough isotope information at this 

time to sufficiently examine migration patterns, which also would only reveal if this 

particular generation was from far afield. Isotopic analysis could not help to determine 

whether a parent generation might have migrated from distant lands prior to the use of the 

El Pantano cemetery.

Operational conditions during the field seasons also contributed to some problems 

with preservation. It is always advisable, once a burial has been opened, to complete its
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excavation as promptly as possible. The exposure of skeletal materials to the elements 

can have a markedly negative affect on their condition. Unfortunately, the coming of 

annual tropical storms interrupted the excavation of Pozo 10 (pozo = “burial pit”) during 

the first field season (Mountjoy, 2002). While precautions were taken to protect what 

remained in the ground, any disturbance like this creates the potential for poor 

preservation.

Fortunately, as if often the case with prehistoric bioarchaeological samples, many 

of the teeth from the cemetery are comparatively better-preserved than the other skeletal 

materials (Scott, 1991; Larsen, 1997). This is because the enamel of the teeth is 

significantly harder than the inorganic component of bone (Hillson, 1999). Because of 

this survival rate of teeth, dental analysis can provide an avenue to examine the 

population affmity(ies) and admixture(s) represented by the individuals within the 

cemetery.
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Chapter 3. Methods of Dental Analysis 

Dental Morphology: Genetics and Development

There is still much to be learned about the precise mode of inheritance behind 

dental morphology. Some early studies suggested that at least certain traits were 

controlled by simple, one-locus, two-allele inheritance (e.g., Kraus, 1951). Later 

examinations have appeared to validate this for a limited number of non-sex-linked traits 

(Nichol, 1989), but have shown that the majority of traits are more likely to be polygenic 

or quasicontinuous (Nichol, 1989; Scott and Turner, 1997). Despite this uncertainty, 

most studies have consistently show that the genetic contribution is strong and consistent 

(Berry and Berry, 1967; Scott, 1974; Berry, 1976). It is believed that inheritance is 

responsible for over 60% of tooth size (Dempsey and Townsend, 2001) and up to 80% 

or more of the shape of teeth (Scott, 1991), though this may vary from one context to 

another (Berry, 1976).

Some critical genetic studies have shown discordance between quantifiable 

genetic similarity and broad sets of non-metric phenotypic traits (e.g., Coruccini, 1974; 

Wijsman and Neves, 1986), but these studies have not addressed dental traits specifically, 

even if they include dental traits in their remarks and recommendations. In fact, Scott 

and Turner (1997) have stressed the difference between inheritance of trait presence and 

of trait expression, suggesting that the genetic contribution to presence of a surface 

feature is quite high, and that the variation in the degree of expression of some traits is 

mainly from environmental and developmental forces. These conclusions are consistent
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results of other heritability studies, which have shown similar patterns of inheritance in 

non-dental traits (Kohn, 1991; Sharma and Susanne, 1991). Dental anthropologists use 

presence/absence expression thresholds, in part, to address this disparity between 

expression and presence (Scott, 1980). Researchers also emphasize the examination of 

strongest genetic expression in order to help minimize the inclusion of uncertain levels oi 

phenotypic development (Turner et al., 1991; Scott and Turner, 1997).

While the genotypic mechanisms behind dental morphology are imperfectly 

understood, the field concept of tooth development, originally postulated in mammalian 

studies by P. M. Butler (1939) and later applied to human dentition by A. A. Dahlberg 

(1945), remains an important part of the structure of dental anthropological method and 

theory (see also Butler, 1963; Scott and Turner, 1997; Irish 2005). Generally speaking, 

the field concept regards dental formation as serial rather than individual; each tooth 

develops its form as a sequential stop, rather than an individual adaptation or even a 

position-specific gene (Butler, 1967). In other words, like the vertebrae of the spinal 

column, each tooth is just a little less like that before it, and a little more like that after it.

Figure 13. Two incisors with shoveling 
present but differentially expressed.

with the evidence of twin and family 

studies, which have often shown close 

parallels in trait presence/absence but 

some variation in expression (Scott 

and Turner, 1997; Hillson, 1999; cf. 

Figure 13). Moreover, this trend 

would be highly consistent with the



The difference is that, while the vertebrae are straight-line grade from Cl to S5, the 

dentition is graded bidirectionally along an arch, with the mid- or zero-point the space 

between the central incisors. The importance of this fact for biological function is poorly 

understood, though it likely provides a measure of protection from high-frequency 

genetic and developmental anomalies. The concept is quite significant for 

anthropological analysis, however.

As laid out by Butler (1967), the field concept derives from three main items. 

First, while differences from one tooth to the next are striking in appearance, most of 

them are quantitative rather than qualitative. In other words, they appear as variations in 

presence, number, or size of features, not in the basic shape or nature of those features.

(A cusp is a cusp; it may vary in size or in how many other cusps there are, but it does 

not suddenly take on a dramatically new shape from one tooth to the next.).

Second, the differences in form of teeth are -  except in the case of extremely 

rare, individual abnormalities — positional. Clearly there are evolutionary adaptations to 

species-level changes in dietary patterns, but there is no adaptation of a particular tooth to 

an individual’s unique diet or chewing patterns (Le Gros Clark, 1960; Butler, 1972). An 

individual who never tears food as a child, does not lose his canine teeth when the 

secondary dentition develops and emerges. Rather, teeth develop as their positions 

dictate.

Third, when there is variation in dental form it tends to reflect homoeosis. A 

tooth may vary to more closely resemble one of its neighbors. A first premolar may be 

caniniform; a second may be molarform. But a first premolar is not going to vary in such



a way that it more closely resembles a molar, nor a second to look like a canine -  and 

neither will develop an incisor shape.

Moreover, as Dahlberg (1945) demonstrated, each field is governed or perhaps 

epitomized by a polar tooth, one which is the most stable evolutionary representative of

the field (Scott and Turner, 1997; Hillson, 1999; Irish, 

2005; see Table 4). This tooth is also regarded 

as generally the most highly developed and most 

genetically stable of the teeth in that field. While there 

has been some question about this aspect of the field 

concept, objections are related to heritability and may 

not correctly apprehend the intentions of the field 

concept nor the timescale of evolutionary change 

(Henderson and Greene, 1975; Sharma and Susanne, 1991). Less genetically stable 

should not be necessarily equated to less heritable in a statistical sample.

The field concept is important in dental anthropology for a number of reasons, but 

perhaps the most important is morphological. When performing an analysis of dental 

morphology, it is necessary to select a key tooth to focus on for expression of each trait. 

The field concept and especially the idea of the polar tooth helps guide that selection 

(Scott and Turner, 1997; Irish, 2005). For instance, if one wants to grade the expression 

of an ancestral or early trait (e.g., cusp number), it might be most useful to look at the 

polar tooth, which should show the greatest levels of expression and should be more 

likely to retain ancestral characteristics. On the other hand, if one is interested in a trait

Table 4. Dental fields and key
teeth

Dental Field Polar Tooth

Incisor Central Incisor

Canine Canine

Premolar First Premolar

Molar First Molar



that could be considered a shift away from  the ancestral form (e.g., molar groove pattern), 

then it may be most advantageous to focus on a non-polar tooth that is more likely to 

display later evolutionary developments. Similarly, if one is interested in a homoeotic 

trait, it would be best to look at a tooth that is closest in sequence to the tooth whose 

appearance is being mimicked (e.g., the molarform trait multiple lingual cusps on the 

second and not the first premolar). The field concept gives the dental researcher the 

justification, structure, and rationale for making these determinations. There is debate 

about Butler’s mechanism (cf. Osborn, 1978), but the overriding patterns of phenotypic 

expression and variation predicted by both Butler and his detractors’ alternate theories are 

essentially the same and are proven out in empirical validation (Henderson and Greene, 

1975; Scott and Turner, 1997; Hillson, 1999).

Dental Traits

Researchers who developed the Arizona State University Dental Anthropology 

System (ASUDAS) established a set of discrete (non-metric) dental traits that are 

expressed as present / not-present or as present to a varying degree (Turner et al., 1991; 

see Table 5). These traits are mainly morphological (related to shape) and characterize 

the teeth at all stages of growth and development (Hillson, 1999), though some of them 

can be obscured by wear (Turner et al., 1991). Research shows that these sorts of 

characteristics are strongly controlled by genetics (Butler, 1963; Frisch, 1963; Hillson,

1990) and that they are also largely immune to negative impact from developmental 

forces like nutrition or pathology (Scott and Turner, 1988). Certain clusters of these traits
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Table 5. Dental morphology traits used in modified ASUSAS (Turner et al., 1991; 
Irish, 1993, Scott and Turner, 1997)
Trait Analysis Trait Analysis

Winging Expression Carabelli’s trait Development

Labial curvature Expression Parastyle Development

Shoveling Expression C1--C2 crest Presence

Double shovel Expression Protostylid Development

Midline diastema Size Cusp 7 Size and presence

Interruption groove Location Enamel extension Presence

Tuberculum dentale Expression Root number Number

Canine mesial ridge Characteristic noted Peg/reduction Characteristic noted

Distal acc. ridge Expression Odontome Presence

Lingual cusps Number and size Tome's root Expression

Uto-Aztec premolar Characteristic noted Groove pattern Shape

Anterior fovea Expression Congenital Absence Absence

Cusp number UM1 Number Torsomolar angle Degree

Cusp number UM2 Number Palatine torus Development

Hypocone Size and presence Mandibular torus Development

Cusp 5

Deflecting wrinkle

Size and presence 

Presence

Rocker jaw Characteristic noted



are expressed in population-level frequency patterns (Dahlberg, 1963; Berry and Berry, 

1967), and researchers have studied specific rates of trait inheritability (Alvesalo, 1974; 

Alt, 1998) to determine which are best for measuring genetic relationships among groups 

of people (Scott, 1991; Scott and Turner, 1997). These traits can be thought of as rough 

skeletal equivalents to phenotypic expressions of genetic relationship that we all 

recognize: hair color, eye color, skin pigmentation, nose shape, ear shape, and so forth. 

You cannot look at particular individuals to determine their relationship, but on a 

population level you can look at overall patterns of frequency to examine affinity (Irish, 

2005) or admixture (Spence, 1974; Wijsman and Neves, 1986). These methods have 

been widely used, and the results have conformed to expectations, and have also 

corresponded with other biological, archaeological, and historical data (Scott et al., 1983; 

Turner, 1985; Greenberg et al., 1986; Scott and Turner, 1997; Irish, 1993, 1997, 1998a, 

1998b, 2003, 2005, 2006; Irish and Guateli-Steinberg, 2003; Irish and Konigsberg, 2006; 

Haydenblit, 1996; Sutter, 1997; Scherer, 2004; Duncan, 2005). These repeated results 

show a high concordance between dental studies and other approaches to examining 

relationship, and emphasize the advantage of dental morphology as a proxy for genetics 

in a situation where DNA extraction is impossible or prohibitively expensive

Some characteristics are tallied quantitatively (e.g., number of roots, number of 

cusps), others are simply noted by the investigator as occurring (e.g., congenital absence, 

peg shape, reduction), and still others are evaluated with the aid of textual definitions and 

graded reference plaques developed or modified for ASUDAS (e.g., shoveling, accessory 

ridges, and orientation). Refer to the traits in Table 5 for the general method of
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examination for each trait. While in the field, all teeth were examined and scored for the 

attributes that they might display (see Appendix C), the statistical analysis focuses on 

those trait / tooth combinations that are most strongly controlled by genetics (Turner et 

al., 1991; Irish, 1993; Scott and Turner, 1997; Irish, 1998a; Irish 2005) as opposed to diet 

and environment (Portin and Alvesalo 1974; Berry, 1976). It is possible to use other 

trait-tooth combinations in dental assessment (Haydenblit, 1996; Irish, 2005), but it is 

generally advisable to do so only for population-specific, genetic reasons, such as Irish’s 

inclusion of the midline diastema in his studies (Irish and Konigsberg, 2006).

Dental Anatomy and Orientation

Humans are diphyodont; in other words, we have two sets of teeth: the primary 

dentition which we have as children and the secondary dentition which we develop as our

bodies move toward 

skeletal maturity 

(Figure 14). The 

secondary or 

permanent dentition 

consists of a 

maxillary (upper) 

and a mandibular

Figure 14. Labeled permanent teeth of the left maxilla. Note (lower) half, each of 
the missing incisor and molar, indicated by bone loss.
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which is further divided into a left and a right half. In a normal dentition, each of these 

quadrants has the same compliment of teeth: two incisors, one canine, two premolars, and 

three molars. Present evolutionary trends are reducing or eliminating the third molar in 

humans as part of a continuing facial reduction, but thirty-two teeth is still considered the 

normal, full adult compliment (Le Gros Clark, 1960; Hillson, 1999).

Beyond upper and lower, which correspond to the teeth of the maxilla and 

mandible respectively, there are some important terms of orientation used in dental

studies. The first two, mesial and 

distal are used when describing 

the position of teeth in the dental 

arch, as well as surface features of 

individual teeth (Figure 15). 

Imagine a midline plane dividing 

the mouth into right and left 

halves. Mesial describes teeth

which are closer to the midline, as 

well as that part of a particular 

tooth which is closer to the midlne. Distal then describes the opposite characteristic -  

being farther from the midline. The canine is mesial to the first premolar and distal to the 

second incisor. Likewise, the side of the canine which contacts the incisor is considered 

its mesial side and that which contacts the premolar its distal side.
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Figure 15. Mesial (towards the midline) and 
distal (away from the midline).



The remaining terms of dental orientation describe the other dimension: towards 

the inside of the mouth and towards the outside of the mouth. A tooth’s lingual surface is 

that side of the tooth which faces the tongue. The premolars and molars, considered 

posterior teeth, are considered to have their opposite surface towards the cheek; this is 

referred to as buccal. The incisors and canines, anterior teeth, are considered to face the 

lips; this is called labial. While they describe different points of orientation, the pair 

expressed pairs bucca-lingual and labia-lingual describe the same dimension of the teeth: 

that which is perpendicular to the mesia-distal.

Maxilary Traits

Upper central incisors (referred to as UI1) are examined for winging, or the 

bilateral rotation of central incisors into a V-shaped pattern. Extensive testing has shown 

this -  but not the opposite rotation or the rotation of only one incisor -  to be a sexually 

non-specific, genetic disposition and not simply the result of dental crowding (Escobar et 

al., 1976). Likewise, note is made of any labial curvature (a convex appearance to the 

labial side of the tooth), shoveling (the formation of shoulder-like ridges on the lingual of 

the tooth, which give the tooth the shape of a spade), and double-shoveling (similar ridges 

on the labial side of the tooth) (Turner et al., 1991). This study will follow the 

guidelines established by Irish (1993, 2005, 2006), which modify the ASUDAS to 

include the midline diastema, a space between upper, central incisors which may result in 

a “gap-tooth” appearance.



The two lateral or secondary incisors of the upper jaw (UI2) are examined for 

expression of two traits: interruption groove and tuberculum dentale (Turner et al.,

1991). These two traits are each modifications of the cingulum, a bulge in the enamel at 

the base of the tooth crown on the lingual side. The descriptively-named interruption 

groove is a groove which cuts through the shoveling ridges and perhaps through the 

cingulum. The tuberculum dentale, on the other hand, is extra development of the 

cingulum in the form of vertical ridging (Scott and Turner, 1997). Note is also made for 

analysis if either or both ULI2 and URI2 are peg-shaped, i.e., small and squared off, or 

abnormally reduced, i.e., small but not misshapen (Turner et al., 1991).

Each upper canine (UC) is primarily examined for the presence of two 

developmental ridges on the sides of the lingual face of the tooth (Turner et al., 1991). It 

is common for there to be a ridge on the distal margin of the tooth, but note is made of 

any distal accessory ridge or additional enamel features on the shoulder leading to the 

margin. Likewise, there is usually a ridge on the mesial margin, but sometimes this ridge 

is far bulkier than normal, and joined to a tuberculum dentale lacking an interruption 

groove. The feature formed by this convergence is referred to as a, “Bushman canine,” or 

a Canine mesial ridge. This feature is extremely rare, so its presence in multiple 

individuals within a population can be significant (Scott and Turner, 1997). However, 

this feature is not expected to be represented in the prehistoric sample from El Pantano 

because its distribution is highly restricted geographically to certain Old World 

populations and regions, most notably but not exclusively to the San in South Africa.



The first and second upper premolars (UP1 and UP2 in this paper, UP3 and UP4 

in some literature) are examined for root number, and analyzed for crown features known 

as odontomes, which are vertical projections -  often compared to pin pricks -  found in 

the sulcus or groove which runs mesia-distally through the occlusal or chewing surface of

the premolars (Turner et al., 1991; Scott and Turner, 1997) This study also incorporates

an additional trait, a rare formation known as the 

Uto-Aztecan premolar (Figure 16). This trait has 

never been noted outside of Native American 

populations, and only very rarely outside of the 

regions now included in northern Mexico and the 

Southwestern United States (Morris et al., 1978; 

Turner et al., 1991; Scott and Turner, 1991). Since 

most affinity studies based on dental morphology 

have been based in the Old World, this trait has typically been excluded from their 

analysis (e.g., Irish, 1997, 2005, 2006). Its has been argued since its initial descriptions, 

however, that the strong linkage of this trait to closely related populations suggest a 

strong heritability (Morris et al., 1978). By inclusion in this study, occurrence patterns of 

the Uto-Aztecan Premolar can be compared with other traits both as part of analysis and 

also in order to test its discriminatory power for future New World affinity studies.
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Figure 16. Uto-Aztecan 
premolar from El Pantano



The maxillary molars are examined for a number of variations, that are perhaps 

best understood after a cursory introduction to molar anatomy. The basic upper molar 

has four main cusps (Figure 17): one, a mesia-lingual 

protocone; two, a mesia-buccal paracone; three, a 

dista-buccal metacone; and, four, a dista-lingual 

hypocone. The protocone may have a small, cuspule 

develop on its lingual or tongue-side surface; this is 

known as Caribelli’s trait, and indications of this 

development are sought on the upper, first molar 

(UM1) (Scott, 1980; Turner et al., 1991). The 

paracone may display a similar outgrowth, known as 

a parastyle, which is noted on the upper third molars (UM3 or “wisdom teeth”). The 

fourth cusp or hypocone is evaluated on the upper, second molar (UM2), as this cusp may 

be extremely reduced or absent. Some upper molars develop a fifth cusp (sometimes 

called a metaconule). Under the guidelines of ASUDAS, researchers score this trait on 

UM1 (Turner et al., 1991; Scott and Turner, 1999).

The maxillary molars are also examined for several features beyond these crown 

characteristics (Turner et al., 1991). UM1 is also checked for any enamel extension, a 

line of enamel which can bleed down from the crown into the root region. The root 

number of UM2 is noted, as well as the congenital absence of UM3. Care must be taken 

in the analysis of the latter to not mistake its antemortem loss for its never having been 

present. Congenital absence is usually marked by a lack of bone structure in which a

Figure 17. Upper molar cusp 
numbers



tooth socket might ever have formed, while antemortem tooth loss (AML or AMTL) 

usually appears as thinned or resorbed bone, often with indications of damage or healing, 

depending on how long prior to the individual’s death the tooth was lost.

Mandibular Traits

The incisors of the mandible or lower jaw are often small and morphologically 

simple. They are not recommended for inclusion in morphological analysis, nor have 

they been included in most population studies’ analysis, even if initially examined for any 

notable characteristic (Scott and Turner, 1997; Sutter, 1997; Irish, 2005). Similarly, the 

crown morphology of lower canines is often simple, but their root number is included 

within the system (Turner et al., 1991). The lower premolars are more fruitful for 

discrete trait analysis than these anterior teeth (Turner, 1985; Turner et al., 1991; Scott 

and Turner, 1997). As with the upper premolars, LP1 and LP2, are examined for 

odontomes. Additionally, the lingual surface of the second lower premolars (LLP2 and 

LRP2) are examined for signs of having more than one lingual cusp. The roots of the 

first lower premolars are also analyzed for a characteristic division known as Tome’s 

root, which can prove especially useful as the alveolar bone of the mandible will show 

corresponding sockets, even if the tooth itself has been lost post-mortem (Irish, personal 

communication, 2005).



As with the upper molars, the examination of the mandibular molars is focused

primarily on their cusp structure (Scott and Turner, 

1997; Hillson, 1999; see Figure 18). In lower molars, 

the basic anatomy is as follows: one, a mesia-buccal 

protoconid; two, a mesia-lingual metaconid; three, a 

dista-buccal hypoconid; and, four, a dista-lingual 

entoconid. Additionally, there may be a fifth cusp 

(hypoconulid), which forms on the distal end of the

tooth; this is considered normal, despite its considerable 

reduction in recent populations (Scott and Turner,

1997). There may also be a sixth cusp (entoconulid), which forms between cusp five and 

the dista-lingual entoconid. Cusp number of the first and of the second lower molars 

(LM1 and LM2) are each variables in this analysis, as is the size and presence of a 

seventh cusp on LM1. This cusp, which forms on the lingual surface between the 

metaconid and entoconid, is not included in the cusp number count previously described.

The first lower molar, as the largest and most fully-featured, is the site of many 

additional analytical points (Turner et al., 1991). First, this tooth may have a protostylid, 

that corresponds to the parastyle of the upper molars. This additional cuspule can form 

on the buccal surface of the tooth. The second cusp or metaconid may develop a shoulder 

or ridge extending down from its mesial peak; this deflecting wrinkle is scored on LM1. 

Another point of interest on LM1 is the anterior fovea , a depression which can form 

mesially on the protoconid and metaconid, creating a dip or flat spot on the anterior
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Figure 18. Lower molar cusp 
numbers



occlusal surface of the tooth. An opposite construction (Cl -  C2 distal crest) may also 

occur -  a ridge running between the first and second cusp, extending from the distal 

sides of those cusps. Because of its position in the lower jaw, LM1 is often quite worn, 

and as the polar tooth of the molar region it is slower to show evolutionary development 

or reduction, so groove pattern, the overall layout of the cusps in the occlusal surface, is 

noted instead on LM2 (Scott and Turner, 1999). The Y-groove pattern, in which cusps 

two and three come into contact, is an ancestral pattern, traced back to the earliest 

hominoids on the evolutionary line leading to humans (Le Gros Clark, 1960; Scott and 

Turner, 1997). Modem evolutionary trends are towards X and + (plus) patterns, often 

paralleling tooth size reduction and the loss of cusp five.

Beyond such crown features, the mandibular molars are important for several 

other examinations (Turner et al., 1991). The root number of LM1 and of LM2 are also 

included in ASDUAS analysis. The wisdom teeth of the mandible (LLM3 and LRM3) 

are checked for a positional shift known as torsomolar angle, in which the teeth may be 

rotated at an angle bisecting the rest of the dental arch. Efforts must be made to ensure 

that the displacement is not caused by impaction or crowding before this trait should be 

recorded.

The analysis of genetically-driven phenotypic dental traits includes a number of 

characteristics which are part of the dental complex as a whole, but not specifically 

related to teeth. One such feature used in this analysis is rocker jaw, a bowed shape of 

the inferior mandible, which is hereditary and morphological, not the result of a 

pathological condition or developmental abnormality (Turner et al., 1991). One such



feature is a palatine torus, a growth of bone along the center of the mouth’s upper palate 

(Turner et al., 1991). The mandibular torus is a similar trait on the lower jaw, also 

included in this analysis (Figure 19).

Trait Presence/Absence

The statistical 

analysis of the traits often 

requires that each ordinal 

score be translated into a 

binary statement of presence 

or absence in order to expand 

the number of analytical options. To achieve this, a threshold is established for each of 

the 37 traits (Turner, 1985; Scott and Turner, 1997; Irish, 2005; Irish, 2006; see Table 6). 

When that threshold is met, the trait is considered present; when the trait is altogether 

absent, or present but not at the threshold, it is considered absent. In this way, the diverse 

types of data collected in the scoring process can be converted to a uniform data format 

which can be compared and combined across all categories. This process also changes 

ordinal data into binary data, allowing a broader range of statistical analyses (Scott and 

Turner, 1997; Baxter, 2003). Appropriate thresholds can also overcome problems which 

can occur when degree of expression is given preferential consideration. For instance, 

Scott (1980) called attention to the differential presentation of Caribelli’s trait

Figure 19. Mandibular torus on lower jaw from 
El Pantano
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Table 6. Threshold values used for presence/absence breakpoints of dental traits. 
Standards are from Turner (1985), Turner et al. (1991), and Irish (2005).
Trait (tooth) Threshold Trait (tooth) Threshold

Winging (UI1) Present, la or lb C l—C2 crest (LM1) Present

Labial curvature (UI1) Score of 2 or more Protostylid (LM1) Present

Shoveling (UI1) Score of 2 or more Cusp 7 (LM1) Score of 2 or more

Double shovel (UI1) Score of 2 or more Enamel ext (UM1) Present

Midline diast. (UI1) 1 More than 0.5mm Root number (UP1) 2 or more roots

Interruption gr. (UI2) Present Root number (UM2) 3 or more roots

Tuberclm. dnt. (UI2) Score of 2 or more Root number (LC) 2 or more roots

Canine m. ridge (UC) Present Root number (LM1) 3 or more roots

Distal acc. ridge (UC) Present Root number (LM2) 2 or more roots

Lingual cusp (LP2) Score of 2 or more Peg/reduction (UI2) Either trait noted

Uto-Aztecan pm Present Odontome (PI, P2) Present

Anterior fovea (LM1) Score of 2 or more Tome’s root (LP1) Score of 3 or more

Cusp number (LM1) 6 or more cusps Groove pattern (LM2) Y pattern present

Cusp number (LM2) Score = 4 Congen. Abs. (UM3) Absent

Hypocone (UM2) Score of 3 or more Palatine torus Score of 2 or more

Cusp 5 (UM1) Present Mandibular torus Score of 2 or more

Carabelli’s trait (UM1) Score of 2 or more Rocker jaw Present

Parastyle (UM3) 

Deflct. wrinkle (LM1)

Present

Score of 2 or more

Trsmlr. ang. (LM3) At least 30 degrees



among European and Native American populations. By focusing on degree of 

expression, European populations dominate the sample. Native American populations, 

however, more nearly approach the European figure when simple frequency of the trait is 

considered. The threshold helps to curb both potential sample biases. The 

dichotomization of the rank-scale data also helps to reduce the analytical impact of inter- 

and intra-observer error in estimation of grade (Nichol and Turner, 1986).

It should be noted that, in the scoring of teeth, both the right and left tooth are 

examined and recorded, but, only the antimere (one of this right-left pair) which scores 

highest is used for the statistical analysis and determination of presence / absence 

(Turner and Scott, 1977; Turner, 1985; Turner et al., 1991). The morphology of each 

tooth is thought to be controlled by the same basic genetic information, only differentially 

expressed (Scott and Turner, 1997; Guatelli-Steinberg and Irish, 2005). Differences are 

considered to be the result of fluctuating asymmetry, which has been shown to be far 

more influenced by environment than any genetic correlations, and also to tend to have a 

reducing and not an additive power (Naugler and Ludman, 1996). Hence, the stronger 

expression is the less-obfuscated presentation of that genetic code, not an aberration.

This principle is similar to the idea that the same basic morphologies are visible in the 

teeth even as they are still forming below the gum line, but are not as strongly expressed 

as they will be once the teeth erupt (Hillson, 1999).



Chapter 4. Hypotheses and Testing Expectations 

Overview of Analytical Questions

The data will be analyzed statistically for patterns of combination, clustering, and 

discrimination which will allow an estimation of the closeness of genetic relationships 

within the prehistoric population interred at El Pantano. It is assumed that phenetic 

similarity approximates genetic relatedness (Scott et al., 1983) and that groups of closely 

related people will tend on a population level to show similar frequencies of trait 

expression on a variety of temporal and geographic scales (Le Gros Clark, 1960; Scott 

and Turner, 1997; Irish, 1993, 2005). Conversely, division into separate clusters of traits 

can suggest greater distance in biological relationship (Irish, 1998a; Sutter, 1997). When 

viewed synchronically, this form of analysis can show relationships and distance 

between populations contemporary with one another (Turner, 1985; Sutter, 1997), and 

when viewed diachronically, this analysis can help get to the origins of a population 

(Haydenblit,, 1996; Irish, 1998a, 2005).

In archaeology and physical anthropology, it can be argued that there are many 

different scales at which the movement of people are considered, but these can perhaps 

be condensed into three main categories: migration or colonization, which looks at the 

general sweep of large human populations across major sections of the earth (Greenberg 

et al., 1986; Dillehay and Meltzer, 1991; Brace et al., 2001); mobility, which looks in an 

abstract way at general, formulaic patterns of human movement (Binford, 1980; Kelly, 

1995, 2003; Surovell, 2000); and settlement patterns, which (among other things) looks at



the way a particular group of people arranged themselves on the landscape. This project 

is not concerned with mobility, and is certainly site-focused. Any attempt to examine the 

origins and biological relationships of a population in the New World, however, must by 

necessity integrate some aspect of migration studies. In order to do this, the dental 

characteristics of El Pantano will be compared with the characteristics of established 

dental complexes that are thought to represent evolutionarily distinct populations from 

areas in Asia thought to be possible sources of the original New World populations 

(Turner, 1985; Greenberg et al., 1986).

The scope of interest at the heart of this research project, however, is 

bioarchaeological; that is to say, the concern here is with a particular group of people in 

the archaeological record and the application of biological data to understand that group. 

In this approach, the goal is not taxonomic, nor does it involve the study of biology, per 

se. Rather, the aim is to use information gathered through biological methods in order to 

compliment the archaeology and further our understanding of past people and their 

activities. Irish (1998a, 2005) has used these methods in his examination of Nubian 

prehistory. Sutter and Verano (2007) used similar methods to examine the origins of 

sacrificial victims at Huaca de la Luna in Moche, Peru. In this vein, the archaeological 

analysis of El Pantano has suggested that the population might be an amalgam of farmers 

with a variety of ancestral backgrounds. Some of those backgrounds might extend to 

Olmec-linked populations like Tlatilco or to Andean populations like the Vicus of 

southern Ecuador. This project will look at questions of both internal population 

heterogeneity and its affinity with other populations.



In terms of internal group composition and origins, if the El Pantano data display 

characteristics of long-term insularity, this might suggest that they are a long-time, local 

population. If the data show general homogeneity, this might indicate that the individuals 

interred in the cemetery are from similar ancestral backgrounds. Dramatically divergent 

clusters might suggest that the roots of the population lie in disparate regions and with 

quite different ancestral groups (see Table 7),.
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Table 7. Inte

In addition to looking at relationships internal to the local data itself, 

morphological analysis looks at how the data are situated in a broader regional and 

chronological context. By comparing the dentition of El Pantano to published data from 

geographic or temporal neighboring populations, they can be situated among them in 

terms of relative biological proximity and distance. By specifically framing the analysis 

within parameters keyed into the archaeology, dental analysis can show whether material

If there is... Broad similarity in 

dental morphology

Broad variety in 

dental morphology

Two or more 

distinct clusters of 

dental morphology

Then there is 

likely...

A population of 

loosely related 

people

A population from 

diverse but perhaps 

similar backgrounds

A population from 

two or more quite 

different ancestral 

backgrounds
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culture ties between El Pantano and Tlatilco, other Mexican regions, and the Andes 

reflect biological relationship, or only material connections (see Table 8).

If there is... Proximity to other

Mexican

populations

Proximity to other 

populations from 

outside Mexico

No particular 

proximity to other 

populations

Then it is likely 

that...

The population of El 

Pantano has its 

origins among other 

Mexican people

The population of El 

Pantano has its 

origins among 

people outside 

Mexico

A population from 

two or more quite 

different ancestral 

backgrounds

Table 8. Internal analysis of dental morphology patterns.

Dental Complexes

Dental complexes or suites are sets of traits that seem to occur most frequently 

together within populations of a certain geographic origin or genetic heritage (Scott, 

1980). These arrays are based on clusters of trait-presence frequency and do not account 

for degrees of expression, fluctuating asymmetry, or other fine-grained analyses. 

Nevertheless, these complexes have formed the basis for a great deal of dental 

anthropology of the New World in the past two decades. For many years, Native 

American populations were grouped with a single dental suite known as Mongoloid, 

derived largely from examination of Japanese teeth and thought to characterize virtually



all Asian populations (viz., Scott, 1980). However, Christy Turner II identified two 

distinct complexes within Asian dental patterns: the Sinodont (“Chinese tooth”) from 

northern and east Asia and the Sundadont (“Sundaland tooth”) from southeast Asia, with 

the former being considered as the more recent off-spring of the latter (Turner, 1985; 

Greenberg et al., 1986; Scott and Turner, 1997).

The application of these complexes to Native American populations, was a matter 

of great immediate interest. Native American groups were linked strongly into the 

Sinodont complex, placing their origin firmly in northern Asia, and giving general 

support to a Siberian crossing (Greenberget al., 1986). At the same time, the detailing of 

a shared dental complex between north Asians and Native Americans diminishes any 

argument for significant European or Caucasian intermixing with native populations prior 

to historic colonization (Turner, 1985). Partly, for those who (contrary to Turner) see 

both Sinodonty and Sundadonty in New World populations, these suites also offer a 

strong challenge to models of Native American biological unity (Powell and Neves,

1999). Even so, and despite the frequent application of these two complexes in name, 

there is no broad acceptance of how to interpret their chronological and spatial 

distribution, let alone how to best interpret paleo-migration from them (e.g., Lovvom et 

al., 1999).

The basic distinction between these complexes is that the Sundadont complex is 

older and simpler, and the Sinodont complex is more recent and more elaborate, defined 

by more complex traits such as advanced shoveling (Turner, 1985; Greenberg et al.,

1986; Haydenblit, 1996; Scott and Turner, 1997). According to Turner, the Native



American populations are all more closely related to one another than to any other 

population, and are closer to these Asian complexes -  especially to the Sinodont -  than to 

any others (Greenberg et al., 1986). In fact, in its original conception, based on 

examination of contemporary Native American populations, it was suggested that only 

the Sinodont complex was present in the New World, affirming a 14,000 BP migration 

timeframe (Turner, 1985). Recent studies have shown evidence of Sundadont complex 

presence, as well (viz. Powell, 2005), but it is unclear whether these recent studies are 

operating at the same scale as Turner’s original very broad population-level. Too, some 

of the recent studies that suggest a Sundadont presence in ancient American populations 

do so by treating the complexes as a continuum. In fact, if each complex represents a set 

of trait frequencies that characterize populations separated on an evolutionary timescale, 

the value of certain kinds of comparisons is not clear: for instance, of ranking New World 

populations as more or less Sinodont (Haydenblit, 1996); or of demonstrating what could 

be called a “towards-Sundadonty” arch within a previously identified Sinodont 

population (Sutter, 1997).

Nevertheless, it may be useful to relate the population from El Pantano to this 

framework. At present, the pooled population group figures (Turner, 1985; Scott and 

Turner, 1997) include numerous data from very modem populations, and only very small 

representative samples from prehistoric populations. Also, as mentioned, the Sinodont 

and Sundadont parent populations, as defined, are distinct and there can be little value in 

situating a New World population between them. Because of these limitations, El 

Pantano will not be statistically analyzed for similarity to or differences from these



complexes. Instead, the fitness of El Pantano sample trait frequencies for inclusion in the 

Sinodont complex will be examined descriptively. Considerable variation may be 

expected for some traits, as variation within any given group (e.g., within Sinodonty) 

tends to be higher than variation between groups (e.g., between Sinodonty and 

Sundadonty) (Turner, 1985; Scott and Turner, 1997).

Internal Heterogeneity

Determining the internal heterogeneity of a population from morphological data 

can be complicated, especially in a situation like El Pantano where there are no pre

existing data from other population samples for comparison. Despite the lack of an 

immediately proximal population, the data will be compared against Chinchorro, another 

population from the broad region which is known to be fairly homogenous (Sutter, 1997). 

This analysis will follow the lead of Irish and Konigsberg (2006) and use the web-based 

statistical software R to undertake a form of variance analysis to compare the internal 

variations of the two populations.

Additionally, two-tailed chi-square tests can be used with tabular data in order to 

determine whether or not the distribution of attributes in columns varies more according 

to factors in rows than would be expected by random chance (Baxter, 2003). Proxy 

variables can thus be used to see if the dental trait distribution appears statistically non- 

random. In this way, trait frequencies can be tested for significant linkage to features like 

material culture represented in burial goods or spatial organization of the cemetery.

While these tests do not directly test biological heterogeneity, a statistically significant



57

connection between biological variance and apparent cultural variables may be 

suggestive of underlying division on some scale (Howell and Kintigh, 1996, 1998).

Affinity With Reference Populations

In order to test for affinity among El Pantano and other populations, it is 

necessary to have set of reference samples for comparison. While biological studies of 

relationships in prehistoric Latin America are not uncommon, they tend to present a study 

of this sort with a number of different problems. Many predate the standardization 

stemming from the work of Turner, Scott, Nichol and the Arizona State approach 

(Spence, 1974; Escobar et al., 1976;

Baume and Crawford, 1978). Some 

of those which use ASUDAS 

standards required the use of unique 

threshold values for 

presence/absence determination, and 

without by-grade breakdowns, in 

addition to percentages, this data 

cannot be used for comparison 

(Scherer, 2004). Others are less

Table 9. Refen 
this study

Population

mce populate

Region

ans compared in 

Era

Chinchorro Andes Archaic

Alto Ramirez Andes Formative

Playa Miller 7 Andes Formative

Tlatilco Mexico E. Formative

El Pantano Mexico M. Formative

Cuicuilco Mexico M. Formative

Monte Alban Mexico L. Formative

Cholula 

El Yaral 

Chirabaya Alta

Mexico

Andes

Andes

L. Classic 

L. Intermediate 

L. Intermediateuseful for testing biological distance

simply because the temporal separation is too great or counter-directional (Duncan, 

2005). If the flow of material culture appears to be from the Andes or Guatemala to



West Mexico, a significantly older population from one of the former two areas might be 

suitable as it could be a parent population. However, there are no external reasons to 

consider El Pantano as parent to a much more recent population so geographically 

remote.

The reference samples selected for inclusion in this project are from Haydenblit

(1996) and Sutter (1997). The data from Haydenblit (see Figure 20) are extremely key to 

positioning the population of El Pantano. The first is from Tlatilco, a site in the Valley 

of Mexico that has been dated to the Early Formative and may have been the first place 

of Olmec expansion into Central Mexico (Soustelle, 1984; Adams, 1991). Tlatilco has 

also been linked to the West Mexican sites of Campacha and El Openo, and has been
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Figure 20. Map showing location of Mexican populations compared: (1) El 
Pantano, (2) Tlatilco, (3) Cuicuilco, (4) Cholula, (5) Monte Alban



used instrumentally to explain the origin of Campachan agriculture (Kelly, 1980; 

Mountjoy, 1998, 2000; Williams, 2005). Haydenblit (1996) found that Tlatilco was 

phenetically distinct from the other Mexican groups she studied. She attributes this to its 

age and to its Olmec heritage.

The second Mexican reference sample is Cuicuilco, also Central Mexican, but 

roughly contemporary with or slightly subsequent to El Pantano (Haydenblit, 1996). This 

site may have been founded as early as 1400 BC and is characterized by extensive 

monumental architecture unlike anything found in West Mexico (Coe, 1982). Cuicuilco 

is thought to have been abandoned only when evacuation was forced by volcanic 

eruption, ca. 150 BC (Adams, 1991). Despite its geographical context, its apparent 

ceremonial and centralized socio-cultural organization, and its partial contemporaneity 

with Tlatilco, there is no evidence of an Olmec presence at Cuicuilco (Tolstoy, 1989b). 

Nevertheless, it is considered an agriculturally-based society, possibly rooted in a 

farming village as old as ca. 1600 BC (Adams, 1991).

The third Mexican population is Monte Alban, a long-lasting site from the more 

southern state of Oaxaca (Haydenblit, 1996). It has been variously associated with both 

the Olmec and the Zapotec cultures, and is thought to have lasted from the Middle to 

Late Formative all the way through the Classic (ca. 500 BC -  AD 800), though it is often 

divided into two or more separate occupational phases (Coe, 1982; Adams, 1991; Orr, 

1994). While certain features of Monte Alban’s famous carvings of dancers and other 

performers have strong resemblance to Olmec traits, there are just as many features 

which are quite unlike Olmec (Coe, 1982; Soustelle, 1984; Orr, 1994). Such reasons



have led scholars to infer that the Olmec elements found at Monte Alban are cultural 

adoptions by Zapotec people, rather than indications of an Olmec presence here (Marcus, 

1989). This conclusion may be corroborated by the distant affinity Haydenblit (1996) 

found between Tlatilco and Monte Alban.

The fourth and final population with data from Haydenblit (1996) is from 

Cholula, a poorly-understood but important site in Puebla. Cholula was initially occupied 

during the Middle Formative, but it is primarily associated with the Classic period, 

having its greatest prominence, ca. AD 200 -  1300 (Plunket and Urunuela, 2004). As 

with Cuicuilco, there is no Olmec influence at Cholula, which is instead linked most 

closely to Teotihuacan (Coe, 1982; Adams, 1991). Despite their cultural diversity, 

Haydenblit (1996) found great phenetic similiarity among Cholula, Cuicuilco, and the 

potentially Olmec-realted Monte Alban populations. Only the sample from Tlaticlo stood 

apart, mainly for its lower frequency of typically Sinodont traits.

Sutter’s (1997) work supplies the comparison with Andean populations. While 

neither Vicus nor Ecaudorian, the data are assumed to constitute a sufficiently random 

and representative sample for this study. Sutter’s individual samples all stem from one of 

two valleys, the Moquegua in Peru and the Azapa in Chile (Figure 21). The Chilean 

population of Chinchorro represents the archaic period, temporally antecedent to El 

Pantano. Sutter (1997) compiled data from four strongly homogenous sites to comprise 

this single sample. There is no evidence that any Chinchorro group were practicing 

agriculture; they are instead a sedentary maritime population, ca. 7000 -  1100 BC



Figure 21. Map showing Piura region in the Ecuador-Peru borderlands, where El 
Pantano has material connections; and the Moquegua and Azapa valleys, from 
whence Andean reference samples have been culled
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(Arriaza, 1995). High frequency of external auditory exostosis (bony buildup of the 

external auditory meatus) among Chinchorro mummies has been interpreted as indicative 

of increasing exposure to ocean travel (Standen et al., 1997). The skeletons recovered at 

El Pantano show a similar, unexpectedly high frequency of this trait (Cahue, personal 

communication, 2006). Another archaic population, Ilo Preceramic, was considered, but 

the valid sample size fell short too frequently of the preferred minimum figure of eight 

for the analytical methods chosen for this project (viz. Irish, 1998; Sutter, 1997).

Two other Chilean populations from the Azapa Valley were included, Playa 

Miller-7 and Alto Ramirez (Sutter, 1997). Each of these represents the coastal Andean 

Formative period. Playa Miller-7 is the site of the El Laucha culture, dated to ca. 500 BC 

and thought to primarily have been a sedentary fishing culture (Sutter, 1997). Despite 

the lack of material evidence, it is likely that at least horticicultural practices were 

present during El Laucah at Playa Miller-7, because of environmental pressures forcing a 

shift away from the maritime focus of Chinchorro (Ramirez de Bryson et al., 2001). The 

Alto Ramirez sample includes largely homogeneous remains from a cluster of linked 

sites, dating from ca. 1000 BC -  AD 500 (Sutter, 1997). These people were practicing 

small-scale agriculture in order to supply material and nutritional needs (Rivera and 

Rothhammer, 1991; Sutter, 1997; Ramirez de Bryson et al., 2001).

The Andean selection was rounded out with two from Peru, El Yaral and 

Chiribaya Alta (Sutter, 1997). Both of these are significantly later than El Pantano and 

assumed to represent later developments of Andean genetic strains. Each site is also 

characterized by a mixture of agricultural and pastoral subsistence (Sutter, 1997). El
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Yaral is a highland valley site, occupied from ca. AD 950 -  1150, and probably part of 

the shared socio-cultural context referred to as Chiribaya (Garcia, 1988; Jessup, 1991; 

Rofes, 2000). Chirabaya Alta (ca. AD 950 -  1500) was the ceremonial and socio

political center of this same late Chirabaya culture and included extensive maritime 

subsistence in addition to its agriculture and herding (Owen, 1992; Sutter, 1997). Sutter’s 

(1997) analysis included one other late Chirabaya and found all three to be, 

“phenotypically indistinguishable on statistical grounds” (Sutter, 1997: 237). All three 

represent a different sub-trend among Andean populations, interpreted by Sutter (1997) 

as indicating an influx of population from the collapsed highland Tiwanaku culture. As 

the probable center of this population movement, Chirabaya Alta might be expected to be 

the most distinct of the Andean populations sampled here.

There are a number of statistical methods by which biological affinity among 

populations has been successfully tested on many occasions, often times complimentarily 

within a given study: mean measure of divergence (Irish, 1997; Sutter, 1997, 2000, 2006; 

Irish and Guatelli-Steinberg, 2003); mahalanobis distance for metric or mahalnobis D2 for 

discrete traits (Bedrick et al., 2000; Scherer, 2004); correspondence analysis (Irish, 2006; 

Irish and Koningsberg, 2006); regression analysis (Wijsman and Neves, 1986;

Haydenblit, 1996); chi-square tests (Haydenblit, 1996; Guatelli-Steinberg and Irish,

2005); cluster analysis (Irish, 1997; Sutter, 1997; Brace et al., 2001); and principal 

components analysis (Irish, 1998a; Irish and Guatelli-Steinberg, 2003; Duncan, 2005; 

Scherer, 2004). The main analytical method chosen for this project is principal 

components analysis (PCA). PCA is form of factor analysis that analyzes a set of cases



for the variables that drive the variation among them and their relationships (Kim, 1975; 

Dunteman, 1989; Baxter, 2003). PCA is useful for this type of population study for a 

number of reasons. First, PCA is advantageous because it arranges variables 

orthogonally in order to remove any auto-correlation between traits that can create false 

strength in certain relationships by essentially duplicating trait presence. Second, 

because it can operate comfortably with percentages of presence, it is robust and very 

forgiving of missing data and fluctuation in valid n’s. Third, the components extracted 

by PCA to distill relationships among variables in driving variation can be coded as 

regression scores, which in turn can then be plotted, generating a two or three- 

dimensional visual representation of the relationships between all cases under 

consideration. These representations help assess phenetic affinity among the samples.



65

Summary of El Pantano Dentition

The excavation and recovery of loose and nearly-loose teeth from multiple 

burials with poor skeletal preservation tend to lead both to mixing of teeth from 

individuals in the same burial bit and, conversely, to separating other individual’s teeth 

into multiple associations. It is not hard to see how this might complicate the analysis of 

trait expressions on a per-individual basis. Fortunately, the nature of dental 

anthropological evidence is such that genetically-controlled trait patterns can be 

successfully studied with even a single trait (Turner, 1985; Scott, 1991; Powell, 2005), 

and the research methods used permit the use of composite individuals (Irish, 1998a). As 

with any study using archaeologically-derived materials, the ultimate restriction under 

which the researcher must labor is that of the collection: any teeth that may have been 

lost, damaged, or overlooked during excavation cannot be analyzed. Therefore, it must 

be assumed that the sample under study is random and representative of the population 

interred at El Pantano.

This study is based on a sample of 119 secondary dentitions from El Pantano.

This does not necessarily reflect 119 adult individuals. Of these dentitions, some may be 

from adolescents with mixed deciduous and permanent teeth. Others are composite 

dentitions, comprised of loose teeth with no direct association to a particular mandible or 

maxilla in its burial. This sample also does not include individuals from a small number 

of burial bits whose overall skeletal contents were still being processed at the time of

Chapter 5. Descriptive Results



research. Therefore, this number (n=119) should be considered as representing the 

minimum number of dentitions from El Pantano that include at least one secondary or 

permanent tooth.

This sample includes male and female individuals taken together. Sex has been 

shown to have little or no impact on the inheritance or expression of these traits (Scott 

1973, 1980; Scott et al., 1983; Nichol, 1989; Scott and Turner, 1997). Therefore, the 

ASUDAS standard practice is to include both sexes (Turner et al„ 1991; Irish, 1993;

Scott and Turner, 1997). This study has followed this standard.

Trait Frequencies at El Pantano

Following established guidelines, features that are part of the full complement of 

ASUDAS traits were not included in the final analyses if the number of cases was too 

small (Irish, 1997, 2005, 2006; Irish and Konigsberg, 2006). Because of the general lack 

of in-tact mandibles and palates, there were few opportunities to observe osseous traits of 

the dentition (rocker-jaw, as well as the mandibular and palatine torus). Winging of UI1 

and the midline diastema could rarely be observed. Almost all maxillary teeth were 

loose, and most of the alveolar bone on anterior maxillae was heavily fragmented, 

allowing no observation of the sockets which might have formerly housed central 

incisors. The deflecting wrinkle is especially vulnerable to wear (Turner et al., 1991), 

and as most molars in the sample were worn flat, the total number of possible 

observations for this trait was very low at El Pantano (n = 3). It has been suggested that 

the best opportunity to make observations of the distal-triagonid crest are on recently



erupted molars of young adults (Turner et al., 1991). Even so, the valid sample at El 

Pantano was too small for statistical significance (« = 4). Finally, as expected there were 

no observations of the Bushman’s canine or the tricuspid premolar, so these feature will 

not be discussed.

Intra- and inter-observer testing was conducted using samples of casts held by the 

University of Alaska Fairbanks Department of Anthropology. Intra-observer tests 

showed a change in determination of trait presence less than 3% of the time, and a change 

in determination of data as scorable less than 2%. Inter-observer tests between the 

researcher and Dr. Joel Irish, however, suggested a high level of discordance for the 

Interruption Groove of the upper lateral incisors, so this trait was removed. Other traits 

were all in concordance, and differences there were minor and assumed to be random.

The last trait removed from analysis was the enamel extension, which 

demonstrates a frequency at El Pantano which are dramatically divergent from 

expectations suggested by other studies (Turner, 1985; Haydenblit, 1996; Sutter, 1997). 

The presence suggested (only 5.6% for El Pantano) is much lower than that of any other 

prehistoric Latin American population. It is not clear whether this problem stems from 

inter-observer error, sampling or preservation bias, or a genuine biological characteristic 

of this population (e.g., arising from genetic drift). Regardless of its case, the facts 

suggest the data for this trait are not particularly useful without further study, especially 

for purposes of establishing biological affinity. Their inclusion without exploration of 

the content behind the variation would automatically place El Pantano as an outlier 

among the other populations.



In the discussion that follows, all traits are presented in their frequency by grade 

of expression as appropriate. For total presence in the population, each trait is 

dichotomized according to standard practice of the ASUDAS (Turner et al., 1991; Scott 

and Turner, 1997). The breakpoints employed follow those of Turner (1985), Turner et 

al. (1991), Scott and Turner (1997), and Irish (2005). These thresholds are presumed to 

represent the genetic threshold for expression previously established by researchers 

(Scott, 1973; Haeussler et al., 1988; Scott and Turner, 1997). Refer to Chapter 3 for an 

in-depth discussion of this process and the thresholds employed for this study. All 

frequency tables were generated by SPSS for Windows, version 12.01, and have been 

modified to highlight the grades that meet the threshold for trait presence.

Labial Curvature (UI1)

Labial curvature was present in over half the sample (52.5%). This trait is 

considered present at Grade 2 and above (Turner, 1985; see Table 12). Entering into this 

analysis, El Pantano is assumed to represent a Mexican population, and therefore the 

inclusion of available Mexican reference samples is essential. Labial curvature is one of 

several traits which is not included by Haydenblit (1996) and therefore will not be used at 

this time for inter-population comparison. This trait is also not included by Turner 

(1985) in his published by-grade data for pooled Sinodont and Sundadont populations, so 

cannot be used to situate El Pantano within the major dental suites.

6 8
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Table 10. Frequency by grade of Labial curvature (UI1)

Frequency Percent Valid Percent
Grade 0 8 6.8 20.0

1 11 9.3 27.5 47.5% absent
2 11 9.3 27.5
3 4 3.4 10.0
4 6 5.1 15.0 52.5% present
Total 40 33.9 100.0

Missing System 78 ' 66.1
Total 118 100.0

Shoveling (UI1)

The recorded presence of shovel-shaped incisors at El Pantano (85%) is 

somewhat less than expected. The reported expectations for Sinodont shoveling are 

nearly 99% (Turner, 1985), and it is commonly reported that many Native American 

populations show 100% presence of this trait (Scott and Turner, 1997; Hillson, 1999). 

This one trait was originally considered so common among native New World 

populations and Asians that it was the basis for the earliest biological migration 

arguments (Scott, 1980). It should be noted, however, that of all the samples included in 

this analysis, only El Yaral exceeds 90% (Sutter, 1997). Other studies of native and 

prehistoric populations have also found that shoveling, especially at so-called 

“pronounced” grades is not so universally common as once thought (Baume and 

Crawford, 1978; Baume and Crawford, 1980; Scott et al., 1983). This trait is one that is 

frequently assigned different threshold values for regional population refinement (e.g., 

Scott et al., 1983; Scott and Turner, 1997; Irish, 1997, 2005, 2006). For the sake of



broadest compatibility, this study has followed Turner (1985) and considers this trait 

present at Grade 2 and above (see Table 13).

Table 11. Frequency by grade of Shoveling (UI1)

Frequency Percent Valid Percent
Grade 0 3 2.5 7.7

1 3 2.5 7.7 15.4% absent
2 10 8.5 25.6
3 7 5.9 17.9
4 10 8.5 25.6
5 4 3.4 10.3
6 2 1.7 5.1 84.6% present
Total 39 33.1 100.0

Missing System 79 66.9
Total 118 100.0

Double-Shoveling (UI1)

While often considered to be strongly related to the lingual trait of shoveling (e.g., 

Scott and Turner, 1997), double-shoveling occurs only 48% of the time in El Pantano. In 

fact, a Pearson s correlation on the percentages of shoveling and double-shoveling among 

all ten samples used in this study showed no statistically significant correlation between 

the two traits whatsoever (p=.05). This, in addition to the fact that principal components 

analysis removes correlation as part of its operation, suggested that both these variables 

could be included in later analysis. Double-shoveling is considered present if observed at 

Grade 2 or higher (Scott and Turner, 1997; see Table 14).
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Table 12. Frequency by grade of Double-Shoveling (UI1)

Frequency Percent Valid Percent
Grade 0 18 15.3 45.0

1 3 2.5 7.5 52.5% absent
2 7 5.9 17.5
3 6 5.1 15.0
4 2 1.7 5.0
5 1 .8 2.5
6 3 2.5 7.5 47.5% present
Total 40 33.9 100.0

Missing System 78 66.1
Total 118 100.0

Tuberculum Dentale (UI2)

Despite the frequent high wear exhibited by lateral incisors at El Pantano, the 

location of this trait at the cingular bulge protected it from damage and allowed a fair 

number of observations to be made (n = 22). While the 36% frequency at El Pantano is 

quite a bit smaller than projections for Sinodonty (Turner, 1985) and quite distinct from 

the other Mexican samples (Haydenblit, 1996), it is right in the range of the Andean 

populations (Sutter, 1997). This is a mass-additive trait, i.e., a trait that enlarges the 

surface area or increases the bulk of the tooth, and is typically expected to be higher 

among derived Sinodont populations than among primitive Sundadont populations which 

tend towards reduction (Turner, 1985). The tuberculum dentale is considered present at 

all grades of expression (Turner, 1985; see Table 15).
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Table 13. Frequency by grade of Tuberculum Dentale (UI2)

Frequency Percent Valid Percent
Grade 0 14 11.9 63.6 63.6% absent

1 0 0.0 0.0
2 0 0.0 0.0
3 2 1.7 9.1
4 3 2.5 13.6
5 2 1.7 9.1
6 1 .8 4.5 36.4% present
Total 22 18.6 100.0

Missing System 96 81.4
Total 118 100.0

Distal Accessory Ridge (UC)

This trait is not presented by Haydenblit (1996) and is therefore excluded from 

inter-population analysis. Descriptively, the 22.6% trait presence in El Pantano is lower 

than expectations for Sinodonty (Turner, 1985) and than the Andean samples (Sutter, 

1997). The DAR is considered present at any expression (Turner, 1985; see Table 16).

Table 14. Frequency by grade of DARUC

Frequency Percent Valid Percent
Grade 0 24 20.3 77.4 77.4% absent

1 0 0.0 0.0
2 3 2.5 9.7
3 3 2.5 9.7
4 1 .8 3.2 22.6% present
Total 31 26.3 100.0

Missing System 87 73.7
Total 118 100.0



With plenty of valid observations (n = 44), the frequency percentage of the Uto- 

Aztecan premolar (4.5%) is both significant and within expectations. The trait will be 

included in the inter-population analysis as observations of presence or absence were 

reported in all reference populations. Its position between extremes in El Pantano 

suggests that it might have useful discriminatory power for later regional studies, as well. 

There are no grades of expression for this trait; it is simply noted as present or absent 

(Turner et al., 1991; see Table 17).

Uto-Aztecan Premolar (UP1)

Table 15. Frequency by grade of Uto-Aztecan Premolar (UP1)

Frequency Percent Valid Percent
Presence 0 42 35.6 95.5 95.5% absent

1 2 1.7 4.5 4.5% present
Total 44 37.3 100.0

Missing System 74 62.7
Total 118 100.0

Hypocone (UM2)

While scored and analyzed as the presence of the fourth cusp on maxillary molars, 

this trait really tracks the evolutionary reduction or loss of that cusp (Scott and Turner, 

1997). In this case presence is considered ancestral and is therefore expected to become 

less frequent with a population’s evolutionary divergence and modernity. At El Pantano, 

the percentage is slightly lower than expected. Turner’s (1985) pooled Sinodont 

population has hypocone presence at about 90%, whereas El Pantano registers about 

85%. While most of the reference populations are also somewhat higher than El



Pantano, both Tlatilco and Playa Miller-7 are very comparable (Haydenblit, 1996; Sutter, 

1997). This trait is considered present if the hypocone is present to any degree (Turner, 

1985; see Table 18).

Table 16. Frequency by grade of Hypocone (UM2)

Frequency Percent Valid Percent
Grade 0 6 5.1 15.4 15.4% absent

1 0 0.0 0.0
2 0 0.0 0.0
3 6 5.1 15.4
3.5 9 7.6 23.1
4 10 8.5 25.6
5 8 6.8 20.5 84.6% present
Total 39 33.1 100.0

Missing System 79 66.9
Total 118 100.0

Cusp 5 (UM1)

The El Pantano frequency for this trait is about 11%, which is well within 

expectations. This is another trait whose presence may be considered ancestral, but it is 

also fairly uncommon among most Sinodont groups (Turner, 1985; Scott and Turner, 

1997). In this case, however, the Andean populations descriptively tend to show 

frequencies much higher than expected, perhaps suggesting some value in using this trait 

to help distinguish Latin American prehistoric populations. The fifth cusp is expected to 

be far more common among Sundadont populations (Turner, 1985; Scott and Turner, 

1997). In this case, El Pantano can be said to be consistent with Turner’s migration 

model and to lend no support to notions of in situ microevolution or of separate



Sundadontic migratory waves (cf. Haydenblit, 1996; Sutter, 1997; Powell, 2005). 

Maxillary molars at El Pantano were very strongly reduced in this regard, showing not 

only a low frequency of Cusp 5, but showing that frequency exclusively among the lower 

grades of expression. The trait is, however, considered present at any degree of 

expression (Turner, 1985; see Table 19).

Table 17. Frequency by grade of Cusp 5 (UM1)

Frequency Percent Valid Percent
Grade 0 34 28.8 89.5 89.5% absent

1 1 .8 2.6
2 1 .8 2.6
3 2 1.7 5.3
4 0 0.0 0.0
5 0 0.0 0.0 10.5% present
Total 38 32.2 100.0

Missing System 80 67.8
Total 118 100.0

Caribelli’s Trait (UM1)

While often considered to be one of the most well-known and best-understood of 

all dental morphological characteristics (Scott and Turner, 1997; Hillson, 1999), 

Caribelli’s trait has also been the subject of much debate in New World studies (Escobar 

et al., 1977; Scott et al, 1983). Traditionally, this trait is considered to have a moderately 

low frequency among populations linked to the New World (Turner, 1985). It has been 

suggested by others, however, that the trait is very frequent in its low-grade expressions, 

but much less so in more highly developed forms (Scott, 1980). Some studies have even



reported much higher frequencies among modem native populations with no European 

admixture than among mestizo populations in the same region (Escobar et al., 1977). At 

El Pantano, with a statistically significant sample (n = 38), observations were of 16% 

presence at or above threshold breakpoint. This value is only slightly on the low side for 

the sampled populations (Haydenblit, 1996; Sutter, 1997), all of which are below the 

values predicted for Sinodonty (Turner, 1985). These figures tend to support the general 

expectation that Caribelli’s trait is not common among prehistoric American populations. 

These numbers also suggest that particular populations which do exhibit much higher 

frequencies or perhaps even much lower frequencies may be well-discriminated among 

other populations with this trait. The threshold for trait presence is Grade 2 (Turner, 

1985; see Table 20).

Table 18. Frequency by grade of Carabelli’s Trait (UM1)

Frequency Percent Valid Percent
Grade 0 30 25.4 78.9

1 2 1.7 5.3 84.2% absent
2 2 1.7 5.3
3 0 0.0 0.0
4 1 .8 2.6
5 2 1.7 5.3
6 0 0.0 0.0
7 1 .8 2.6 15.8% present
Total 38 32.2 100.0

Missing System 80 67.8
Total 118 100.0



Parastyle (UM3)

While not included in inter-population study because of a lack of data in Mexican 

reference samples, the 15.4% frequency of this trait at El Pantano is much higher than 

expected for Sinodont populations (Turner, 1985). Among the Andean reference 

samples, El Yaral’s 11.1% presence is closest, and another late intermediate Chirabaya 

population reported by Sutter (1997) is also similar. Any grade of expression is 

considered sufficient for establishing trait presence (Turner, 1985; see Table 21).
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Table 19. Frequency by grade of Parastyle (UM3)

Frequency Percent Valid Percent
Grade 0 33 28.0 84.6 84.6% absent

1 2 1.7 5.1
2 1 .8 2.6
3 3 2.5 7.7
4 0 0.0 0.0
5 0 0.0 0.0
6 0 0.0 0.0
7 0 0.0 0.0 15.4% present
Total 39 33.1 100.0

Missing System 79 66.9
Total 118 100.0

Root Number (UP1)

Maxillary root traits were not included in either Haydenblit’s (1996) or Sutter’s

(1997) data, and so are not used in inter-population study. Generally speaking, this can 

be a useful trait in archaeological contexts, because it can often be evaluated from 

alveolar bone, even when the premolar itself is absent. Frequency of presence for root
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number of UP1 is as expected for Sinodont populations (Turner, 1985). The trait is 

considered present when the premolar has two roots (Turner, 1985; See Table 22).

Table 20. Frequency by grade of Root Number (UP1)

Frequency Percent Valid Percent
Grade 1 28 23.7 82.4 82.4% absent

2 6 5.1 17.6 17.6% present
Total 34 28.8 100.0

Missing System 84 71.2
Total 118 100.0

Peg/Reduced/Absent (UI2)

At El Pantano there was a single observed instance of a reduced lateral incisor. 

There were no peg-shaped incisors, and there was no indication of congenital absence for 

this tooth. This trait is considered present when any of these characteristics are noted 

(Turner et al., 1991; see Table 23).

Table 21. Frequency by grade of Peg/Reduced/Absent UI2

Frequency Percent Valid Percent
Presence 0 24 20.3 96.0 96% absent

1 1 .8 4.0 4% present
Total 25 21.2 100.0

Missing System 93 78.8
Total 118 100.0



Odontome (P)

There was a single odontome noted at El Pantano, 1.6% of the valid sample (n = 

62). This trait is uncommon in New World populations, and some researchers prefer to 

avoid the trait altogether because it is so subject to wear (e.g., Duncan, 2005). If care is 

taken to score worn teeth as missing data, however, this potential problem can be 

minimized (Turner et al., 1991). This caution is the reason that observations account for 

only 52.5% of individuals, even though all four premolars are observed in each given 

individual. Any grade of odontome is sufficient to establish the phenetic presence of this 

trait (Turner et al., 1991; see Table 24).
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Table 22. Frequency by grade of Odontome (P1,P2)

Frequency Percent Valid Percent
Presence 0 61 51.7 98.4 98.4% absent

1 1 .8 1.6 1.6% present
Total 62 52.5 100.0

Missing System 56 47.5
Total 118 100.0

Lingual Cusps (LP2)

The frequency of extra lingual cusps at El Pantano is 55%, which is in keeping 

with Sinodont expectations (Turner, 1985). This trait is not used in inter-population 

studies, however, because of a lack of comparative data from the reference samples. This 

trait can be difficult to observe consistently, even with the reference plaques and textual 

guidelines, so many dental studies omit it (Haydenblit, 1996; Sutter, 1997). At El 

Pantano, considerable wear was quite common for lower premolars, but the chance to



observe this trait on two teeth per individual still allowed 20 cases to be validly observed. 

Despite the wide array of graded expressions possible for this trait, presence is 

determined by any unequivocal second lingual cusp, i.e., Grade 2 and higher (Turner, 

1985; see Table 25).

Table 23. Frequency by grade of Lingual Cusps (LP1, LP2)

Frequency Percent Valid Percent
Grade .0 8 6.8 40.0

1 1 .8 5.0 45% absent
2 3 2.5 15.0
3 3 2.5 15.0
4 0 0.0 0.0
5 1 .8 5.0
6 2 1.7 10.0
7 2 1.7 10.0
8 0 0.0 0.0
9 0 0.0 0.0 55% present
Total 20 16.9 100.0

Missing System 98 83.1
Total 118 100.0

Anterior Fovea (LM1)

There is little data with which to compare, but the El Pantano population shows a 

6% presence of this trait. Comparative data for this trait faces a variety of obstacles. In 

many prehistoric populations this trait is difficult to observe because it can be obscured 

by occlusal wear. Both attrition, wear from normal mastication, and abrasion, wear from 

non-food processing activity, can be very common in prehistoric populations.

Populations with modem dentistry, on the other hand, can be even more vulnerable
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because the anterior fovea is frequently eradicated by fillings. The anterior fovea is 

considered present at Grade 2 or higher (Scott and Turner, 1997).

Table 24. Frequency by grade of Anterior Fovea (LM1)

Frequency Percent Valid Percent
Grade 0 26 22.0 78.8 94% absent

1 5 4.2 15.2
2 1 .8 3.0
3 0 0 0.0
4 1 .8 3.0 6% present
Total 33 28.0 100.0

Missing System 85 72.0
Total 118 100.0

Groove Pattern (LM2)

This trait is one of the most important traits in human population studies. It has 

been used phylogenically, e.g., to tie Dryopithecus and Australopitchecus to the hominid 

evolutionary tree (Le Gros Clark, 1960; Scott and Turner, 1997; Hillson, 1999), and 

likewise used as a key trait in affinity studies (Baume and Crawford, 1978; Scott et al., 

1983; Turner, 1985; Scott and Turner, 1997). The Y-pattem is considered ancestral, so 

trait presence is a way of tracking resistance to evolutionary change and trait absence 

tracks the development and increase of derivative features, namely alternate groove 

patterns (Scott and Turner, 1997). The 47.2% presence of the Y-groove pattern at El 

Pantano is high in comparison to most other sampled populations (Hyadenblit, 1996; 

Sutter, 1997), and indeed in relation to regional population pools compiled by Turner 

(1985) and Scott and Turner (1997). Nevertheless, the oldest population sample used in



this study, Cinchorro, has a Y-groove frequency of 42% (Sutter, 1997), emphasizing 

again both the general paucity of detailed information on Paleo-Indian populations 

(Powell and Neves, 1999; Powell, 2005), and the importance of recognizing within-group 

variation in any group-based discussion of morphology (Scott and Turner, 1997). For 

analytical purposes, the trait is dichotomized as present when the molar shows the Y- 

pattem (Turner, 1985; see Table 27).

Table 25. Frequency by grade of Groove Pattern (LM2)

Frequency Percent Valid Percent
Grade Mssng 82 69.5 0.0

2 1.7 5.6
X 17 14.4 47.2 52.8% absent
Y 17 14.4 47.2 47.2% present
Total 118 100.0 100.0

Cusp Number (LM1 and LM2)

While a lack of Mexican comparative data dictates that neither of these traits are 

used in the inter-population study, a word should be said about how they relate to 

Sinodont expectations. While Cusp 6 on LM1 is expected to be high, it is actually quite 

low at El Pantano (4.2%), and while there should be a high frequency of 4-cusped LM2, 

El Pantano’s is even higher (23.7%). This may suggest an overall trend towards smaller 

crown areas within the population. Future odontometrics should help explore this 

apparent tendency. Some late Andean populations from Sutter (1997) show a somewhat 

similar trend, but the scope and meaning of this are unclear at this time. Cusp number of 

LM1 is considered present where there are six cusps (the seventh cusp is not counted in



the determination of this trait), and Cusp number of LM2 is present when the molar has 

exactly four cusps (Turner, 1985; see Table 28 and Table 29).

Table 26. Frequency by grade of Cusp Number (LM1)

Frequency Percent Valid Percent
Cusps 4 19 16.1 42.2

5 21 17.8 46.7 88.9% absent
6 5 4.2 11.1 11.1% present
Total 45 38.1 100.0

Missing System 73 61.9
Total 118 100.0

Table 27. Frequency by grade of Cusp Number (LM2)

Frequency Percent Valid Percent
Cusps 4 28 23.7 59.6 59.6% present

5 17 14.4 36.2
6 2 1.7 4.3 40.4% absent
Total 47 39.8 100.0

Missing System 71 60.2
Total 118 100.0

Protostylid (LM3)

At El Pantano, there is a 22% frequency of the protosytlid. This trait is 

potentially one of the most critical in this study. Its ability to help discriminate between 

populations is presaged by the fact that, descriptively, El Pantano’s frequency of 

expression is less than anticipated by Sinodont model (34.7%; Turner, 1985), in roughly 

the same range as the Andean reference samples (Sutter, 1997), and yet dramatically 

higher than the Mexican groups (Haydenblit, 1996). While the analytical value of one
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trait should be regarded with caution, this is also the only trait which will show 

statistically significant, non-random variation in El Pantano (see Chapter 5). This 

feature is considered present at all grades (Turner, 1985), though it was not present 

beyond Grade 4 of 8 in this sample (see Table 32).

Table 30. Frequency by grade of Protostylid (LM1)

Frequency Percent Valid Percent
Grade 0 33 28.0 78.6 78.6% absent

1 5 4.2 11.9
2 2 1.7 4.8
3 1 .8 2.4
4 1 .8 2.4 21.4% present
Total 42 35.6 100.0

Missing System 76 64.4
Total 118 100.0

Cusp 7 (LM1)

Haydenblit (1996) offers no published data on Cusp 7 for the Mexican reference 

populations, so it cannot be used in analyzing affinity of the groups under consideration. 

The percentage at El Pantano (6.5%) is somewhat lower than expected for Sinodont 

populations (Turner, 1985), but not to an exceptional degree, and it is not out of line with 

Andean populations and is higher than some like Alto Ramirez, for which 2.9% is 

reported (Sutter, 1997). While the percentages offered by Turner (1985) do not appear 

dramatically different for Sinodont (9.8%) and Sundadont (7.4%) populations, this Cusp 

7 is nonetheless considered to be one of the main drivers of variation between the two 

populations, and is considered to be more typical of Sinodont populations. Low



frequencies of its presence are another example of traits that have been used to 

demonstrate a Sundadont presence in the New World (Sutter, 1997; Powell, 2005). This 

trait is considered present when expressed to any degree (Turner, 1985).

Table 31. Frequency by grade of Cusp 7 (LM1)

Frequency Percent Valid Percent
Grade 0 43 36.4 93.5 93.5% absent

1 2 1.7 4.3
2 0 0.0 0.0
3 0 0.0 0.0
4 1 .8 2.2 6.5% present
Total 46 39.0 100.0

Missing System 72 61.0
Total 118 100.0

Mandibular Root Traits

There is no data on mandibular root traits for the Mexican reference samples 

(Haydenblit, 1996), so they will not be included in the inter-population study. Most of 

these trait frequencies are within expected ranges. The percentage of two-rooted canines 

appears higher at El Pantano than expected (viz. Turner, 1985), but there is only one 

observed instance among the sampled cases (n = 46), so the significance of the difference 

may not be significant. The frequency for single-rooted LM2 is much lower than for the 

pooled Sinodont figure in Turner (1985), but is somewhat closer to the frequencies 

reported by Sutter (1997) for the older Andean populations, and is another of the trait 

frequencies which has been compared more favorably to the Sundadont complex (Sutter, 

1997). All traits are dichotomized according to the breakpoints of Turner (1985), and



reflect what is considered variation from the normal root configuration (see Tables 34,

35, 36, and 37).

8 6

Table 28. Frequency by grade of Root Number (LC)

Frequency Percent Valid Percent
Roots 1 45 38.1 97.8 97.8% absent

2 1 .8 2.2 2.2% present
Total 46 39.0 100.0

Missing System 72 61.0
Total 118 100.0

Table 29. Frequency by grade of Root Number (LM1)

Frequency Percent Valid Percent
Roots 1 0 0.0 0.0

2 29 24.6 93.5 93.5% absent
3 2 1.7 6.5 6.5% present
Total 31 26.3 100.0

Missing System 87 73.7
Total 118 100.0

Table 30. Frequency by grade of Root Number (LM2)

Frequency Percent Valid Percent
Valid 1 3 2.5 10.3 10.3% present

2 26 22.0 89.7 89.7% absent
Total 29 24.6 100.0

Missing System 89 75.4
Total 118 100.0
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Table 31. Frequency by grade of Tome’s Root (LP1)

Frequency Percent Valid Percent
Valid 0 25 21.2 86.2

1 2 1.7 6.9
2 0 0.0 0.0 93.1% absent
3 2 1.7 6.9
4 0 0.0 0.0
5 0 0.0 0.0 6.9% present
Total 29 24.6 100.0

Missing System 89 75.4
Total 118 100.0

Congential Absence (VMS)

There were no congenitally absent third molars noted at El Pantano, despite the 

fairly large sample size of valid observations (n = 41). This data cannot be used 

comparatively, however. All data available in reference samples pool congenital absence 

(agenesis) with peg-shape and reduction of UM3, with no indication of the role played by 

congenital absence in determining the final frequency percentage (Haydenblit, 1996; 

Sutter, 1997).

Torsomlar Angle (LM3)

Likewiere, there is no appropriate data available for comparing this trait 

(Haydenblit, 1996; Sutter, 1997). The percentage at El Pantano is 4.8%, a figure 

obtained largely by observing the orientation of sockets in the alveolar bone of mandible 

fragments rather than by observing teeth themselves. Mandibles at this site had a strong 

tendency to fracture post-mortem, often breaking off towards the posterior on each side,



where the bone begins to thin as the ramus sweeps upward. These fractures often 

resulted in the loss or loosening of LM2 and LM3 without destroying or obfuscating the 

sockets.

Descriptive Comparison of Populations

As with any study that includes samples from multiple researchers and 

differentially collected and curated samples, not every desired trait can be included in the 

final analysis. From the full compliment of ASUDAS traits included at the outset, a set 

of 11 traits was culled for inter-population analysis: eight maxillary traits, Shoveling 

(UI1), Double-shovel (UI1), Tuberculum Dentale (UI2), Peg/Reduction (UI2), Uto- 

Aztecan Premolar (UP1, 2), Caribelli’s Trait (UM1), Cusp 5 (UM1), and the Hypocone 

(UM2); two mandibular traits, the Protostylid (LM1), and the Y-Groove Pattern (LM2); 

and the Odontome (PI, 2), which is observed in both the upper and the lower dentition. 

Nine traits were excluded from analysis because the number of cases in the sample were 

two small. One trait (the interruption groove) could not be used because of intra-observer 

error, and a second trait might be used but for uncertain utility because of its seeming 

aberrance (enamel extension). The remaining 15 traits were not used because no 

published data is available for some or all of the reference samples included. Table 38 

summarizes the reasons for exclusion or inclusion of each particular trait.
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Table 32. Traits used in ASUDAS with reasons for exclusion or inclusion in inter
population analysis

Trait (tooth) Status for Analysis Trait (tooth) Status for Analysis

Winging (UI1) Exc. -  n < 8 C1--C2 crest (LM1) Exc. -  n < 8

Labial curvature (UI1) Exc. -  n < 8 Protostylid (LM1) Included

Shoveling (UI1) Included Cusp 7 (LM1) Exc. -  No ref data

Double shovel (UI1) Included Enamel ext. (UM1) Exc. -  Aberrant data

Midline diast. (UI1) Exc. -  n < 8 Root number (UP1) Exc. -  No ref data

Interruption gr. (UI2) Exc. -  Observer error Root number (UM2) Exc. -  No ref data

Tuberclm. dnt. (UI2) Included Root number (LC) Exc. -  No ref data

Canine m. ridge (UC) Exc. -  n < 8 Root number (LM 1) Exc. -  No ref data

Distal acc. ridge (UC) Exc. -  No ref data Root number (LM2) Exc. -  No ref data

Lingual cusp (LP2) Exc. -  No red data Peg/reduction (UI2) Included

Uto-Aztecan pm Included Odontome (PI, P2) Included

Anterior fovea (LM1) Exc. -  No ref data Tome's root (LP1) Exc. -  No ref data

Cusp number (LM1) Exc. -  No ref data Groove pattern (LM2) Included

Cusp number (LM2) Exc. -  No ref data Congen. Abs. (UM3) Exc. -  No ref data

Hypocone (UM2) Included Palatine torus Exc. -  n < 8

Cusp 5 (UM1) Included Mandibular torus Exc. -  n < 8

Carabelli’s trait (UM1) Included Rocker jaw Exc. -  n < 8

Parastyle (UM3) 

Deflct. wrinkle (LM1)

Exc. -  No ref data 

Exc. -  n < 8

Trsmlr. ang. (LM3) Exc. -  No ref data



Table 33 below presents the percentages of trait presence at each site. For sites 

from Haydenblit (1996) and Sutter (1997), I produced these frequencies from their 

published, “observations-by-grade” data. They may in some situations vary from the 

actual percentages those authors report and use in their own analysis. This is the result of 

using different threshold breakpoint values for certain traits and should not be considered 

an indication of incompatibility between the results of this project and the results of 

theirs. (Refer to Chapter 3 for details on the thresholds used in this analysis.)

Table 33. Trait presence percentages for eleven traits across ten samples for 
shoveling (Shv), double-shovel (DbS), tuberculum dentale (TD), Uto-Aztcan 
premolar (UAP), hypocone (Hyp), cusp 5 (C5), Caribelli’s trait (Crb), peg/reduced 
incisors (Peg), odontom (Od), Y-groove pattern (Grv), and protostylid (Prt)

Site Shv DbS TD UAP Hyp C5 Crb Peg
0.04

Od Grv Prt
El Pantano % 0.85 0.48 0.36 0.04 0.85 0.11 0.16 0.02 0.47 0.21

n 39 40 22 44 39 38 38 25 62 36 42
Chirabaya.Alta % 0.89 0.69 0.32 0 0.91 0.29 0.21 0.05 0.01 0.27 0.19

n 80 91 75 64 103 91 112 149 93 101 120
El Yaral %0 0.97 0.53 0.42 0 0.97 0.26 0.24 0.09 0.03 0.26 0.63

n 29 34 24 27 38 31 41 47 36 31 40
AltoRamirez % 0.46 0.64 0.21 0 0.9 0.19 0.18 0.07 0 0.23 0.16

n 24 28 28 30 38 16 34 60 31 26 31
PlayaMiller7 % 0.5 0.83 0.08 0 0.87 0.21 0.28 0.06 0.04 0.33 0.04

n 10 6 13 22 37 22 34 50 22 21 23
Chinchorro % 0.6 0.57 0.17 0.08 0.95 0.19 0.21 0.09 0 0.42 0.07

n 22 23 30 18 39 17 38 65 29 43 42
Tlatilco %

n
0.81

31
0.37

29
0.79

28
0

35
0.86

35
0.09

34
0.21

34
0.03

34
0

35
0.18

40
0.02

48
Cuicuilco % 0.67 0.58 0.78 0 0.97 0 0.03 0 0 0.06

»o 

0
n 18 19 23 34 32 32 30 28 28 36 45

MonteAlban % 0.88 0.64 0.67 0.02 0.96 0.06 0.25 0.04 0.06 0.02 0
n 26 25 33 51 48 55 55 50 32 51 61

Cholula % 0.73 0.78 0.63 0 1 0 0.2 0.03 0 0 0
n 22 23 24 29 25 25 25 30 28 29 33
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Positioning Among Regional Populations

Using SPSS v. 12.01 for Windows, the data on trait frequencies from the 10 

samples were submitted to a principal components analysis (PCA). Unlike other 

analyses, PCA does not utilize a priori group designations in its analysis. Instead, it 

produces a set of orthogonal relationships that represents the variation in all the variables. 

This may be visualized as something like a mileage chart used by travelers in which a set

of locations are listed as both columns and rows. 

The chart is laid out in such as a way as to

produce Miles = 0 when the same city is selected 

as origin and destination. In PCA, the variables 

are arranged in a similarity matrix such that 

correlation = 1.0 only occurs when that variable 

is examined in relationship to itself. In other 

words, it uses the variables themselves to remove 

autocorrelation. The first useful product of PCA then is a table which enumerates these 

relationships (see Table 34). Each possible set of relationships is condensed into a 

summary variable that is referred to as a component, and each component is assigned an 

eigenvalue that describes the strength of that component in driving all the variation seen 

among the combined set. The table generated by SPSS also computes a percentage that

Chapter 6. Analytical Results

Table 34. Components extracted 
by SPSS, describing variation 
among all 10 samples according to 
11 discrete dental traits

Comp. Initial Eigenvalues

Total % of Variance Cumulative %
1 4.025 36.586 36.586
2 1.967 17.879 54.465
3 1.883 17.117 71.582
4 1.157 10.514 82.096
5 1.059 9.625 91.721
6 .455 4.133 95.853
7 .303 2.755 98.608
8 .135 1.231 99.839
9 .018 .161 100.000



reflects how much of the variation can be explained by each given component, and a 

cumulative percentage that allows the researcher to track the progress of successive 

components toward explaining 100% of the variation seen in the set of variables.

This analysis includes 11 variables, and so there are also 11 components, or 11 

orthogonal relationships that can be established to explain variation. By the ninth 

component, however, 100% of variation among samples has been explained. As can be 

seen in Table 40, none of the components extracted in initial analysis independently 

account for a great deal of variation; the most influential accounts for 36.6%. The first 

three components together, however, account for 71.6% of variance, and the first five 

explain 95.9% of all variance.

The eigenvalues of the different 

components can also be presented visually 

in the form of a scree plot (Figure 22).

This plot can sometimes be helpful in 

conceptualizing the extent of influence of 

successive components. When it is time to 

determine how the different populations 

relate to one another, according to the

relationships described in these 

components, it will be necessary to select 

a number of components to use. In this case, despite the strong eigenvalues of 

components four and five, the scree plot helps make the determination. There is clearly a

Component Number

Figure 22. Scree plot of component 
eigenvalues from initial PCA extraction



93

steep slope between three and four, suggesting that that, while strong, those latter 

components are not central to describe an adequate amount of the variation.

The next step is to examine the
Table 35. Component loading of the first three 
components extracted by PCA

Component

1 2 3
Shoveling -.103 .826 -.404
Dble Shv. .080 -.126 .927
TD -.884 .342 -.250
UA Premlr. .356 -.360 -.328
Hypocone -.380 .321 .317
Cusp 5 .882 .160 .001
Carbelli’s .615 .353 .419
Peg/Reduce .893 .107 .054
Odontome .227 .552 .391
Y-Groove .811 -.311 -.409
Protosylid .541 .596 -.303

makeup of the components themselves. 

This is done with the help of a component 

loading table that shows the strength and 

directionality of the variables’ particular 

association with each component (Table 

35). Interpretation of loading should be 

approached in the same way as

correlations. As with correlations, only values of |0.5| and greater are considered 

significant. Two of the traits in this analysis (Uto-Aztecan premolar and hypocone) show 

no loading values approaching this for any of the first three components, and so they 

should be eliminated in order to focus on 

those variables which drive variation 

(Irish, 2006; Irish and Koningsberg, 2006).

A loading plot can be generated to 

visually display the loadings, as well 

(Figure 23). It can be difficult to judge the 

strength of each loading from this plot, but 

it can help with visualizing the
Figure 23. Component loading plot of 
three PCA extractions.



relationships between individuals variables’ variation as represented by those plots. This 

in turn reflects each trait’s influence on separation of the samples according to dental 

variation. For instance, it is clear from the plot that shoveling is pulled mainly in the 

vertical dimension that represents the second component. It also shows that shoveling 

has a unique relationship to inter-sample variation, whereas the tuberculum dentale and 

hypocone seem to influence variability in similar ways, even if to very different 

strengths. It is advisable to rely mainly on the table values for analysis and to refer to the 

loading plot to help answer questions about the nature of the relationships among variable 

variance.

The goal of dental morphology analysis among populations is to describe the 

relationships of the sampled populations according to the variation shown among them 

(Scott, 1980; Turner, 1985; Scott and Turner, 1997; Irish, 1993). With this aim in mind, 

it is important to focus on those variables (traits) which show the greatest influence on 

said variability (Irish and Koningsberg, 2006). Accordingly, the initial PCA results 

should be refined, removing the two traits with no strong association to the three primary 

components. The subsequent extraction results in a much stronger balance towards the 

first three components (see Table 36). In these results, not only do the first three 

components explain 81.9% of the variation seen in trait frequency among samples, but 

the first two components alone 

account for nearly two-thirds of the 

variance. This allows for 

examination of the relationships in

Table 36. First three components of second PCA

Component Initial Eigenvalues
Total % of Variance Cumulative %

1 3.822 42.470 42.470
2 1.927 21.414 63.883
3 1.621 18.012 81.896



both two and three dimensions, 

something not permitted by the 

first PCA, in which the fourth and 

fifth components retained more 

influence. The scree plot of this 

new extraction (Figure 24) shows 

the strength of the primary 

components. Note, too, that there 

is no tail on the right side of the 

plot. This is because there are no longer any components beyond 100% of the variation 

as there were in the first extraction. This is another indication that the second analysis 

has not included variables that do not play a significant role in differentiating samples 

according to variation in dental morphology.

The component loading table of this analysis seems to demonstrate similar trends 

as the initial loadings (Table 37). The relationships among samples are defined by

„ similar variability. The separation of the
Table 37. Component loadings of the
second PCA

samples (suggested by the loading values) 

is greater but is driven by basically the 

sample variables. The meaning of these 

components should not be misunderstood. 

The loading values do not represent

Component

1 2 3
ShvUIlq -.069 .901 .259
DShUIlp .159 -.696 .521
TDUI2q -.868 .440 .133
C5UMlq .906 .096 -.095
CrbUMlp .653 .006 .589
PegUI2p .913 .028 -.054
OdP12p .270 .192 .812
GrvLM2p .724 .015 -.483
PrtLMlp .600 .624 -.112

Com ponent Num ber

Figure 24, Scree plot of second PCA



presence or absence of dental traits, per se, but rather the positive or negative force of 

those traits in generating the relationships among samples that are created by the 

variation in the traits. Take the first component as an example. It represents a 

relationship among the samples which is not overtly influenced by shoveling, double- 

shoveling, or odontomes. It is, however, strongly influenced by the absence of 

tuberculum dentale and the presence of cusp five and peg/reduced/absent lateral incisors. 

It is moderately influenced by the presence of carabelli’s cusp, the Y-groove pattern, and 

the protostylid. This does not say anything about the percentage of tuberculum dentale 

or cusp 5 present, but that their absence and presence respectively help shape the 

relationship among populations that accounts for a little more than 42% of the dental 

variation seen in this study.

The next step is to determine what these relationships are. During the component 

extraction process, SPSS determines a value that describes the association between each 

case (sample) and each component (relationship). This value is saved as a regression 

score that can then be plotted like any other value. The three components represent three 

relationships that explain the variation among the samples. It is assumed that these 

samples are representative of their respective population. Since the data being used to 

generate those relationships pertains to dental morphology with a high genetic 

component, then the plot of these relationships should also represent the biological 

variation among these populations. If so, then proximity in the plot should represent 

relative biological proximity or phenetic affinity.
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Figure 25. Three-dimensional affinity plot of PCA explaining 82% of variation 
among samples.

The most striking inference from this three dimensional plot (Figure 25) is the 

separation of the samples into two main classifications: the Andean groups and El 

Pantano in one area, the other Mexican groups together in the other. El Pantano is 

positioned especially close to the samples representing Chirabaya populations with



influence from the Andean

highlands. The most marked

separation between the two

groups is driven by the first

component, which alone

accounts for 42% of the

variability among samples (see

Figure 26).

Further examination

reveals another aspect of this

plot -  the distinction of Tlatilco 
Figure 26. Three-dimensional plot highlighting
division of two groups according to components that from the other Mexican 
explain 82% of the variation among samples.

samples. While not as strong a 

separation from them as El Pantano’s, it is nevertheless clear, particularly in the second 

and third components, which account for 39% of the variability. This result is not 

unexpected; it mirrors Haydenblit’s (1996) results, which suggested the lingering 

influence of a biologically older population in Tlatilco or a unique strain inherited from 

the Olmec. It is interesting that in this analysis, Tlatilco is shown to be pulled ever-so- 

slightly toward the Andean populations and certainly more toward El Pantano than 

toward the other Mexican samples.

In order to further test the strength of these relationships, the results of the PCA 

can be plotted two-dimensionally, using only the first two components (Figure 27).
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Figure 27. Two-dimensional affinity plot of PCA explaining 63% of the variability 
among samples.



The components themselves account for approximately 63% of dental variation among 

samples. While this plot emphasizes the gulf between the two, it only calls attention to a 

pattern that already exits in the first two dimensions of the original graph. Tlatilco 

appears closer to the other Mexican populations, but the essential nature of the 

relationships seems the same: the most dramatic relationship is in the first dimension, 

where El Pantano is very closely aligned with the Andean samples; and in the second 

dimension, there is a parallel between El Pantano and Tlatilco / Monte Alban. 

Importantly, the main influence of the third component does not appear to be the 

moderation of differences between El Pantano and the other Mexican populations, but 

instead the further separation of Tlatilco from its neighbors and the clarification of 

distance of El Pantano from Monte Alban. In other words, as further variability is 

explained, the less like other Mexican groups both Tlatilco and El Pantano appear.

Another way of looking at affinity based on dental data is the use of hierarchical 

clustering using Ward’s method for squared-euclidean distances (Irish, 1997; Sutter, 

1997). This type of analysis can produce a dendrogram which displays relationships 

between samples in terms of nesting branches. Ties and distance since separation can 

both become apparent through this method. Ward’s method is preferred in this case 

because it has been shown to be most reliable for multidimensional data (Tay-Lim and 

Stone, 2000) and because of its wide application in population studies (Irish, 1997,

1998a, 1998b, 2005, 2006; Sutter, 1997; Scott and Turner, 1997). Even with highly 

reliable continuous data, cluster analysis should never be relied upon solely. It will 

typically produce neatly organized relationships, even when given random data, because



it operates on the a priori assumption that relationships do exist (Baxter, 2003). Such 

concerns may not be as much of a problem with biological data, since human populations 

do all have some relationship to one another. Nevertheless, hierarchical cluster analysis 

is turned to here as a complimentary avenue of research, not a separate or new technique.

The results of hierarchical cluster analysis of trait frequency percentages fit neatly 

with the results of the PCA (Figure 28). The dendrogram nests El Pantano with the 

Andean populations and puts the Mexican populations on another branch from the same 

parent population. As with the PCA, El Pantano is particularly close to the Chirabaya 

populations among the Andeans, and Tlatilco appears as an earlier divergence than the 

other Mexican samples. The cluster analysis is strongly consistent with the PCA.

* * * * * * H I E R A R C H I C A L  C L U S T E R  A N A L Y S I S * * * * * *  
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Figure 28. Dendrogram showing phenetic affinity clusters



Even if there were not prior archaeological reasons to be interested in the 

homogeneity or heterogeneity of the population interred at El Pantano, the results of the 

inter-population comparisons would demand it. The question that underlies the present 

analysis of homogeneity is this: does the entire El Pantano sample have a closer affinity 

to Andean populations or is the population divided, with one segment’s variation driving 

the sample’s association with the Andean groups?

One way to look for biological homo- or heterogeneity without a solid base 

population with which to compare is to use proxy variables to check for non-random trait 

distribution. Two-tailed Pearson’s chi-square tests were run against presence counts for 

each trait to determine if traits were expressed as present more times when in certain 

associations than would be expected given a truly random distribution.

One set of tests was run against presumed material culture present in the burial. 

This was approached as conservatively as possible. Each individual was assigned a 

nominal value as associated with only Mexican («=41), only Mexican and Gautemalan 

(n=55), or at least Mexican and Andean material culture (n= 19). Guatemalan material 

culture was assigned to those burials which contained Guatemalan jadeite. Andean 

culture was granted based on the presence of Andean pottery. There was no statistically 

significant pattern of non-random association of dental traits with material culture.

Another set of Pearon’s chi-square tests involved spatial organization. Dental 

traits were tested against burial pits and arbitrary, intuitively-derived quadrants. If there 

were any sub-cemeteries based on ancestral background or if a group that was creating

Internal Heterogeneity



heterogeneous results perhaps used the cemetery on its own terms, this might be reflected 

in spatial distribution of their burials and hence of the dental traits among those burials 

(see Figure 29). This possibility seemed even greater after an initial test cross-tabulation 

showed that all burials with Andean pottery were contained within arbitrary Quad 1.

MA-9 METROS
E L  P A N T A N O  

2005

Figure 29. Arbitrary spatial division of burials into quads; original map 
prepared by J. Mountjoy



There were no significant patterns of non-random spatial distribution. The prior 

tests according to material culture had shown one trait with non-random character (the 

protostylid; p  = .013). This test again showed a similar result (p = .026). The distribution 

of this one trait is heavily in favor of Quad 2. A chi-squared test of the distribution of 

material goods according to quads showed significant results (p < .001), and especially 

seemed to link Gautemalan goods to this Quad 2. This suggests that these two tests are 

essentially duplicating one another, but it is not clear what the significance might be of 

one trait’s distribution with patterning among other traits.

Irish and Konigsberg (2006) developed a way to compare degrees of variation in 

dental traits per se. Such methods typically require a normal distribution, which is 

generally limited to continuous data (Baxter, 2003). Irish and Konigsberg (2006) were 

able to use analysis in R-Web 1.03 (URL: http://spider.stat.umn.edu/Rweb/Rweb. 

general.html) to write a program which can simulate the normal distribution of ordinal 

data among included grades. This in turn allows the determination of standard deviations 

which may then be compared among populations or samples in order to examine the 

degree of variation. A sample which shows higher variation is more likely to be 

heterogeneous. This method of analysis can only operate on ordinal, rank-scale data; it 

is not appropriate for traits collected as binary data (e.g., presence of the Y-groove or of 

the Uto-Aztecan premolar). Among the reference samples included in the El Pantano 

study, Chinchorro probably represents the most certainly homogenous population (Sutter, 

1997). Other samples, e.g., Alto Ramirez, show strong shared tendencies, but are from 

less well-understood populations (Sutter, 1997). In this light, a set of trait frequencies

http://spider.stat.umn.edu/Rweb/Rweb


by-grade from both El Pantano and Chinchorro were submitted to analysis in the R 

program. If El Pantano represents a homogenous population, there should be no 

significant difference between the standard deviations for its trait expression and that of 

Chinchorro. In order to test this hypothesis, the standard deviations were submitted to a 

Student’s related-samples t-test.

There appears to be quite a bit of variability within the standard deviations for the

traits tested (see Table 38). Descriptively, El 

Pantano has a higher standard deviation for 

intra-sample expression in five of seven traits.

A two-tailed Student’s T-test, however, found 

no statistically significant difference between 

the samples’ standard deviations. Pearon’s 

product-moment correlation also found no 

significant linear relationship between the variables. Statistically, there is therefore no 

reason to assume that the differences in intra-sample variability between Chinchorro and 

El Pantano are other than random. This analysis suggests no reason to conclude that El 

Pantano does not represent a homogenous population.

Table 38. Standard deviations for 
seven traits, by sample; generated 
by R-Web 1.03

Trait Chinchorro El Pantano
Shoveling ±1.04 ±1.49
Caribelli’s ±0.79 ±0.64
CuspLMl ±0.24 ±1.03
Protostylid ±1.88 ±0.53
Tomes Rt ±0.94 ±1.06
Dbl Shovl ±0.82 ±1.14
Labial Crv ±0.63 ±1.07
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Chapter 7. Discussion and Conclusions 

Whence These Farmers?

El Pantano is a uniquely important site for West Mexican archaeology. It is the 

earliest evidence of agriculture in the region (Mountjoy, 2001; Cahue et al., 2002); it 

evidences a complex web of social interaction (Mountjoy, 2005); and it is the type site for 

an emerging material culture peculiar to this region and time (Mountjoy, 2006). For 

these reasons and more, it is important to understand the origin of the site and the 

population associated with it. It has variously been suggested that agriculture moved 

into West Mexico via the dislocation of Olmec (Townsend, 1998; Mountjoy, 1998), by 

trade contacts and other relationships with Olmec-related sites (Mountjoy, 2000;

Williams, 2005), or by local people simply improving on their subsistence as demands 

required and resources allowed (viz. Flannery, 1973). There have also been discussions 

among scholars about a relationship between Mesoamerica and the Andes driving 

perhaps not the invention but the improvement and continuing development of 

agriculture (Coe, 1960, 1963; Lanning, 1963). Five primary hypotheses were suggested 

by the archaeology for examining the origin of El Pantano and thereby perhaps for 

glimpsing the movement of agriculture into this region during the Middle Formative.

First, the material culture established that the site was linked to a number of other 

West Mexican sites such as El Openo and Campacha. These sites, somewhat later than 

El Pantano, have previously been shown to have at least small-scale agriculture (Kelly, 

1980; Coe, 1982; Adams, 1991; Mountjoy, 2000; Williams, 2005). While productive in



their own rights, these sites have yet to yield the sort of biological data which is available 

at El Pantano. Nevertheless, based on material culture correlations and the precedence of 

agriculture in the Mexican Basin, it has been inferred that agriculture may have come to 

these sites via contact with the site of Tlatilco. If El Pantano’s own agriculture is derived 

from this same process, we might expect the population there to be mainly local, perhaps 

with some ties to Tlatilco. Hypothesis 1 is that analysis should not be able to statistically 

differentiate between El Pantano and other Mexican samples.

Secondly, archaeology established links directly between El Pantano and Tlatilco 

(Mountjoy, 2001, 2002, 2003). This might suggest similar conclusions above, but it also 

opens up further possibilities for consideration. Tlatilco is known to have either been an 

Olmec site, or else very strongly linked to it (Coe, 1982; Tolstoy, 1989a.). In fact, 

Haydenblit (1996) interpreted her dental analysis of four Mexican populations as 

suggesting a biological connection between Tlatilco and Olmec. Furthermore, Tlatilco is 

thought to have had far-reaching trade connections and to have occupied a gateway 

position in the valley (Tolstoy, 1989a; Adams, 1991; Mountjoy, 2000). It is likely that 

Tlatilco was a part of an economic bridge spanning Mexico and Gautemala (Pires- 

Feirrera, 1976), and that its collapse was tied to an agricultural shift westward and 

upward in elevation (Grove, 1989; Tolstoy, 1989a). Connections to Tlatilco might 

imply the possibility that El Pantano was settled by relocated agriculturalists from 

Tlatilco or from other Olmec areas, using Tlatilco as a stop-over point on their migration. 

Hypothesis 2 is that analysis should not be able to statistically differentiate between El



Pantano and Tlatilco, and as a corollary that there should no significant difference in 

general morphological trends at the two sites.

Third, El Pantano was linked to Ecuador through the presence of pottery which 

not only shares design motifs but technical construction with Vicus and other Andean 

pottery (Mountjoy 2001, 2002, 2005). Typically, most researchers who have tried to 

model trade contacts between Ecuador and Mesoamerica have suggested a coastal 

maritime route (Anawalt, 1998; Callaghan, 2003). While El Pantano is in the highlands, 

it is part of an unusually rich estuary system that connects it with the Pacific coast 

(Adams, 1991; Williams, 2005; Mountjoy, 2005b, 2006). Given the apparent lack of 

special resources in the Mascota region, it has been suggested that reasons other than 

simple trade might have driven contact between the Andes and El Pantano (Mountjoy, 

2001, 2002). If that reason is biological, that El Pantano is actually a settlement of 

travelers from Ecuador, than we should see phenetic similarities between this sample and 

population samples from the Andes. Hypothesis 3 is that there will be no statistical way 

to separate El Pantano from Andean samples.

Fourth, there was extensive evidence at El Pantano of connections to north

eastern Guatemala (Mountjoy, 2005 a). The biggest portion of this evidence comes 

sourced Guatemalan jadeite jewelry (Mountjoy, 2002, 2002). Previous research has 

found that sourced Gautemalan obsidian can recreate a trading web that reaches from 

Guatemala through at least Central Mexico (Pires-Feirrera, 1976). As a small agricultural 

settlement, however, El Pantano would have had little to offer in exchange (Mountjoy, 

2001). If this is the case, it may be that this cemetery actually represents a group of



Guatemalan traders who settled in Mascota and brought agricultural practices with them. 

No biological reference samples from Guatemala were available at the time of research. 

However, if the El Pantano sample represents a population not being tested, it should 

stand apart from both Mexican and Andean groups as phonetically distinct. Hypothesis 4 

therefore is an alternate hypothesis to the previous three -  that there will be no statistical 

similarity between the morphological characteristics of El Pantano and those of other 

tested populations.

Fifth, the material culture at El Pantano is uncommonly diverse (Mountjoy 2001, 

2002, 2003, 2005a). It represents a myriad of relationships with other known cultures 

and also evidences innovations new to the West Mexican landscape (Mountjoy, 2001). It 

is possible therefore, that it was not settled by any one of the afore-mentioned groups, but 

rather by an amalgamation of them. If so, the population sample may look unique or may 

show as in tension between other samples. Regardless, it should be heterogeneous, 

showing signs of admixture of abnormal internal diversity. Hypothesis 5 is that there will 

be no statistically significant variation among individuals from El Pantano.

Interpretation of Results

Hypothesis 1. As suggested by dental morphology, El Pantano, is phenetically 

distinct from other Mexican population samples. Hierarchical cluster analysis suggests 

that El Pantano is as distinct from the other Mexican samples as are any of the Andean 

groups. The results of PCA show the same division, and furthermore suggest that this
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distance may increase with the incorporation of increased variability. The more different 

the samples become, the more different El Pantano becomes from the Mexican groups.

Descriptively, some El Pantano trait frequencies seem to vary from the pooled 

Sinodont figures presented by Turner (1985) and by Scott and Turner (1997). Other 

studies have argued from such results that populations at variance represent a Sundadont 

presence in the New World (Haydenblit, 1996; Sutter, 1997; Powell and Neves, 1999; 

Powell, 2005). Such a manifestation may come from local microevolution (Sutter, 1997) 

or from additional migratory waves (Haydenblit, 1996). It has been suggested that there 

is a temporal component, and that older populations are actually more likely to be 

Sundadont (Powell, 2005). This seems unlikely, however, as Sutter’s oldest population, 

Chinhorro, is markedly Sinodont (Sutter, 1997). Too, if this is the case, and if 

Sundadonty explained El Pantano’s distinctiveness, one would expect the older 

population at Tlatilco to be even more distinct from the other Mexican populations than is 

El Pantano, but this is not the case. Moreover, the first component of the PCA, which 

accounts for approximately 42% of the variation among samples, is driven by presence of 

cusp 5, the protostylid, the Y-groove pattern and peg/reduction of the lateral maxillary 

incisors; and by the absence of the tuberculum dentale. Apart from the protostylid, this 

very much describes the Sinodont and not the Sundadont pattern.

It is important not to overemphasize differences of a single sample from the 

overall Sinodont pool. Generally, the dentition of El Pantano seems to conform well to 

expectations for New World prehistoric populations (Dahlberg, 1945; Scott, 1980;

Turner, 1985; Greenburg et al., 1986; Scott and Turner, 1997; Brace et al., 2001). It is



important to remember key differences between summary population figures and the 

percentages reported for El Pantano. As pooled data, the Sinodont frequencies describe 

large trends across many different populations, most of which are themselves comprised 

of data from multiple sites or collections -  whereas El Pantano is a single site. 

Furthermore, the Sinodont pool includes a high percentage of modem populations, 

whereas El Pantano is prehistoric. Perhaps most importantly, the intentions in generating 

both figures are dramatically different. Sinodont exists as a tool of examining human 

evolution and the colonization of the new world. It is not necessarily intended as a 

measuring stick for individual samples. El Pantano is a sample of a particular 

population, and the data set that pertains to it is intended to describe that particular, 

historical population. With that in mind, there are very few cases in which El Pantano 

differs notably from expectations. The explanation for El Pantano’s variation from the 

other Mexican samples should be sought elsewhere, but clearly there are statistically 

significant grounds on which to refute this hypothesis. There are analytically discemable 

differences between El Pantano and the other Mexican reference samples, so this may not 

be a typical indigenous population.

Hypothesis 2. The separation of El Pantano from Tlaticlo is just as clear as that 

from the other Mexican populations. The two groups can certainly be distinguished by 

both PCA and cluster analysis. The results of this project can therefore refute the 

hypothesis that El Pantano was settled by dislocated farmers from Tlatilco. Haydenblit’s 

(1996) conclusions were that Tlatilco included an Olmec biological element, not that the 

sample was isomorphic with Olmec. Were it not for the rest of the results, it might seem

I l l



possible that El Pantano simply represents a stronger strain of the ill-understood Olmec 

phenotype. While this part of the hypothesis cannot be rejected, neither is it the 

hypothesis which is most consistent with results.

Hypothesis 3. Just as it is clear the El Pantano is analytically distinct from all four 

of the Mexican samples, it is unequivocal that no significant phenetic difference can be 

found statistically between the El Pantano and the Andean reference populations. The 

PCA especially relates them according to primary component, and the hierarchical cluster 

analysis clarifies that not only does El Pantano share with the Andeans a common 

dividing point from Mexican populations, but also that its most distant phenetic 

relationship with an Andean population is more proximate than its nearest Mexican 

affinity. As Irish (1997, 2005) uses such a division / proximity relationship to explore 

population continuity and discontinuity in prehistoric Nubia, the results of this study 

suggest a far stronger likelihood of biological affinity between El Pantano and Andean 

populations than the populations represented by Mexican samples. Similar models have 

suggested macro-relationships on the broad scale of New World colonization (Turner, 

1985; Greenberg et al., 1986) and on the fine scale of regional movement and local 

colonization (Sutter, 1997). The cluster analysis seems consistent with El Pantano’s 

stemming from the same parent population as the Andeans, some relatively distant time 

after the separation of those populations from a population ancestral to both the Andean 

and Mexican groups.

Additionally, El Pantano shows a particularly affinity with the Chiribaya 

populations, believed by Sutter (1997) to have been derived from highland Tiwanku



populations. The various origins of Andean populations remain largely enshrouded in 

mystery. One recent multidisciplinary study has suggested that a Paleo-Indian group 

swept southward through Central American during the Pleistocene and split into two 

groups upon entering South America, one populating the Andes and the other colonizing 

the Argentinean and Brazilian plains (Rothhammer et al., 2001). Even assuming this is 

the case, there are debates over the origins of specific regional populations. There is a 

growing consensus that there were at least two demic expansions into the Andes, but the 

nature and timing of those expansions is heavily contested (Rivera and Rothhamer,

1991; Sutter, 1997, 1999, 2006b; Rothhammer and Santoro, 2001; Rothhammer, et. al, 

2001; Moraga et al., 2005; Amaiz-Villena et al., 2005; Powell, 2005). For example, it 

has been alternately suggested that the Chinchorro population stems from an Archaic 

immigration from the coastal Amazon Basin (Rivera and Rothhammer, 1991) and that it 

stems from a Paleo-Indian highland population (Santoro, 1993). Sutter’s work (1997, 

1999) has done much to establish the pre-Archaic antiquity of Chinchorro and other 

coastal valley populations, but little to address the particular origins of those populations. 

The results of this study seem consistent with the idea of a parent South American 

population (having already split with a Mesoamerican population) splitting and its 

daughter populations differentially populating different regions. The origins of the El 

Pantano population seem likely to be found among a parent highland population such as 

later led to the Chirabaya samples examined here.

Importantly, the El Pantano population, no matter how close it seems in phenetic 

affinity to Chirabaya Alta and El Yaral, cannot have been spawned by the same Tiwanku
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collapse which created them. At 800 BC, El Pantano predates the generation of those 

populations by nearly two thousand years. While the nature of their common origins 

cannot be elaborated, it appears clear that they share a similar proximity to a parent 

population, at least relative to their phenetic relationships with other sampled 

populations.

Hypothesis 4. The possibility of El Pantano as a Guatemalan settlement could 

only be established via the interpretation of the cumulative alternative hypothesis that 

required the rejection of the previous three hypotheses. With the failure to reject the third 

hypothesis, it can be seen that El Pantano can be situated morphologically with known 

samples. We are therefore not free to infer the population’s origins in an unknown, 

potentially Guatemalan population.

Hypothesis 5. The phenetic homogeneity of El Pantano is assumed. In order to 

show that the population might have been heterogeneous, i.e., comprised of disparate 

populations settling together in the same Mascota landscape, it was necessary to show 

some significant evidence that segments of the sample could be statistically 

differentiated from one another. This was not possible via either proxy analysis or the R 

test of standard deviations. At this time, there is not sufficient analytical cause to suggest 

that El Pantano was anything other than a relatively homogenous population.

Discussion

In many situations, caution must be exercised when a full complement of 

ASUDAS traits is not used, for whatever reason (Sutter, 1997). Often times, confidence



is to be found in statistical comparison of test results that establishes little impact from 

the restrictions (Irish, 1997). In the case of this study, confidence may be found in 

replication. The results of two- and three-dimensional PCA plots are consistent with one 

another. Moreover, the results of hierarchical cluster analysis are consistent with the 

PCA. Perhaps even more important, disregarding the previously un-studied El Pantano 

sample, the relationships that were reconstructed by these analyses are consistent with 

previous archaeological and biological research.

Haydenblit (1996) found that Tlatilco was distinct from the other Mexican 

samples and probably more closely related to a common, ancestral population. This was 

consistently replicated throughout the present analyses, even though Haydenblit focused 

on a different set of traits and breakpoints, and used different methods to quantify her 

analysis. Archaeologically, Tlatilco and Monte Alban might be loosely linked, 

depending on how literally Olmec either site was (Soustelle, 1984; Marcus, 1989;

Tolstoy, 1989a, 1989b). This tenuous relationship may be reflected in the PCA plots, 

which suggest that Monte Alban is the Mexican population most closely related to 

Tlatilco. On the other hand, regional geography and chronology would almost directly 

suggest the relationship described in the hierarchical cluster: Tlatilco as the most 

ancestral population, Cuicuiclo as a younger population, and Cholula and Monte Alban as 

the youngest yet and roughly contemporary with one another (Coe, 1982; Adams, 1991). 

Regardless, the analyses are generally consistent with a priori expectations for the 

Mexican populations.



Sutter’s (1997) research determined that there was a biological gulf between the 

Chirabaya samples (here represented by Chirabaya Alta and El Yaral) and the other 

Andean populations he examined. My analyses are consistent with this interpretation. 

This relationship is apparent in the PCA and clearly laid out in the hierarchical cluster 

analysis. While both Chirabaya Alta and El Yaral come from slightly more northern 

sites than the other Andean samples in this particular study, the difference should not be 

thought of latitudinally. In Sutter’s (1997) work, other, earlier Peruvian groups did not 

show the same distinct from the Chilean populations that these Chirabaya did. His 

interpretation is that the latter represent colonization from the collapse of the highland 

Tiwanaku culture, ca. AD 1000 (c f  Owen, 1992). Whether this is so, or whether the 

Chirabaya populations represent continuity and the Chilean populations an Amazonian 

intrusion which later wound is way northward (cf. Rothhammer and Santoro, 2001), the 

relationships shown by these analyses is as would be expected. Given these parallels, 

the results of these analyses warrant further exploration.

While it may not answer questions of origin, the importance should not be 

underestimated of the affinity shown between El Pantano and Tlatilco. Tlatilco, while 

situated in the Valley of Mexico, has been linked through material cultural studies to 

Olmec, highland Guatemala, and the Andes (Porter, 1953; Pires-Feirrera, 1976; Tolstoy, 

1989). Researchers at El Pantano were struck by the similarity of some of the Andean- 

linked pottery to some of the Andean-linked pottery at Tlatilco (Mountjoy, 2001), as well 

as the presence in El Pantano of pieces that resembles styles more unique to Tlatilco. 

Previous work has established the likelihood of complex obsidian-exchange networks



during the Early and Middle Formative (Pires-Ferreira, 1976). While these networks did 

not appear to extend into West Mexico, they nonetheless linked Guatemala to the Valley 

of Mexico, and other factors in turn linked the Tlatico to sites Jalisco and other western 

states (Kelly, 1980; Mountjoy, 2000; Williams, 2005).

While little is known about migration across the Mexican landscape beyond that 

which is traced by material typologies, it has been suggested that there is trend towards 

settlement fission in Formative Mesoamerica (Marcus, 1976). As a result of this, 

settlements became smaller and populations reduced during the transition between the 

Early and Middle Formative. It is not thought that there is an overall decrease population 

in Mexico or Mesoamerica generally, but rather that more centralized populations 

dispersed. It is unlikely that Tlatilco and El Pantano are as closely related as an Early 

Formative parent population, but it is possible that both represent survivals of the earliest 

fission -  populations which remained in place and retained ancestral traits that were lost 

through admixture during the mini-diaspora of other populations.

More will be said about the Andean connection momentarily, but the relationship 

between Tlatilco and El Pantano could conceivably be derived from travel. Typically, 

models of trade between South America and Mexico conceive of maritime routes 

(e.g., Callaghan, 2003). There is some thought, however, that instead, Central American 

may have provided either a central dispersion point or at the very least the ground for an 

overland passage (Bucher, 1987). This is particularly intriguing given the possible 

highland rather than coastal connections at El Pantano. Tlatilco is often considered to 

have been an Olmec gateway to West Mexico and other regions beyond the Valley of



Mexico (Adams, 1991). If Tlatilco truly did fulfill this role, then an Andean population 

traveling overland might very well have passed through Tlatilco, and this interaction 

might be the source of Tlatilco’s relative promixity to El Pantano and the Andean 

samples comapared to the other Mexican groups. While this scenario certainly has 

enough merit to warrant further testing, the evidence presently seems most consistent 

with a variation on Haydenblit’s (1996) interpretation. Tlatilco is different from the 

others simply because of its antiquity. This may have less to do with the Olmec and more 

to do with an original colonizing Paleo-Indian population.

El Pantano’s phenetic affinity with the Andean population samples is a first 

glimpse at what might an important new light on Formative culture in the New World. 

There has been little recent field archaeology which would suggest the manner by which 

such a connection might have been formed, nor what the nature of this connection might 

have been. There have been frequent suggestions, drawn mainly from similarities in 

material culture, to relationships between Ecuador and Mesoamerica, including both 

Guatemala and West Mexico (Coe, 1960; Myers, 1976; Stahl and Norton, 1987; Anawalt, 

1992, 1998; Currie, 1995; Callaghan, 2003). Commonly, the earliest date fixed for such 

contact is 400 BC, roughly the time of the common appearance of shaft-tomb burials in 

all three regions (Anawalt, 1992; Callaghan, 2003). Less conservative estimates have 

suggested that highland Ecuadorians were trading throughout a wide area including 

coastal Ecuador, Central America, and the Amazon river system by at least 2000 BC 

(Lathrap, 1973; Myers, 1976). Technological analysis of metallurgy in Ecuador and



West Mexico may suggest that a strong connection remained between these two areas at 

least until AD 800 -  1200 (Hosier, 1988).

The biological data do not require that El Pantano literally be a population 

transplanted from known cultures in Ecuador or elsewhere in the Andes. The affinities 

described would be equally consistent with an earlier, Paleo-Indian or early Archaic 

northward migration from northern South America. The evidence of pottery at both El 

Pantano and its contemporary site, El Embocadero II, which is Andean not only in motif 

but in technical construction is compelling (Mountjoy, 2001, 2002, 2005b, 2006). A 

shared parent population may be consistent with the biological data, but it does not offer 

any explanation of the archaeology.

In fact, while there are numerous examples of what are considered ordinary, 

typical West Mexican pottery and material culture at El Pantano (Mountjoy,2001, 2002, 

2003, 2005a), some of these may in fact relate equally to Ecuador. For instance, 

Formative-era West Mexico is dominated by formal shaft-tomb construction (Coe, 1982; 

Adams, 1991; Townsend, 1998; Mountjoy, 2000, 2001). Such tombs are also 

characteristic of Ecuador (viz. Callaghan, 2003). El Pantano has no shaft-tomb burials, 

but Mountjoy (2006) has argued, that this difference is not cultural but adaptive: the soil 

substrate at El Pantano is of poor quality and would not have supported the shaft and 

chamber construction the people might otherwise have favored. Otherwise, the mortuary 

pattern is consistent with other sites in better soil which do employ shaft-tombs and a 

variety of material connections to the Andes (Mountjoy, 2006).



Callaghan’s (2003) simulations of coastal travel might suggest some scenarios by 

which an Ecuadorian population might in fact have relocated to West Mexico. According 

to his model, travel northward from Ecuador to Jalisco would have been relatively easy -  

a 47-day journey within constant sight of land. On the other hand, he argues that sailing 

southward would have been far more difficult, requiring dangerous and lengthy 

diversions into deeper seas. He believes, following Norton (1988), that Ecuadorian 

merchants placed high importance on Spondylus shells, which can be sporadic throughout 

the Pacific coast but are unusually rich in Jalisco. It is not difficult to conceive a variety 

of resultant scenarios which might be examined by further archaeological research: e.g., 

the establishment of long-term Ecuadorian outposts in Jalisco to expedite the recovery 

and processing of Spondylus shells for periodic shipment; the decision of a particular 

group of merchants to remain in Jalisco rather than attempt the dangerous journey back 

home; or perhaps even the stranding of a merchant group whose ship or navigational 

technology were no longer capable of said voyage.

The archaeological evidence of diversity in material culture seems to suggest 

heterogeneity. Intuitively, it also seems more likely that El Pantano would represent the 

admixture of an Ecuadorian group with a local West Mexican population than that a 

small population of Ecuadorians would remain reproductively isolated in West Mexico 

for the minimum of 40 -  50 years of cemetery use at El Pantano. In terms of dental 

morphology, however, there is insufficient evidence to argue for anything other than a 

homogenous population. It is the nature of hypothesis testing, that the null hypothesis is 

never proved, only refuted or not (Baxter, 2003). The analyses are therefore consistent



with El Pantano’s representing a single, phenetically unified population, but future 

research might reveal alternative ways of testing intra-sample variability that might refute 

the present assumptions.

Implications for Anthropology of Agriculture

While this study may not seem, at first glance, to be concerned with agriculture, it 

should not be forgotten that population being examined is the earliest known group of 

agriculturalists in West Mexico. Any discussion of their origins, therefore, must have 

some bearing on the archaeology of Mesoamerican agriculture. What the biological 

analysis in fact suggests, then, is that agriculture may have been brought to West Mexico, 

at least in part, by a group of people with connections in distant lands. This is not to say 

that other West Mexicans did not develop agriculture independently or were not 

influenced by other sources.

The implications of this conclusion for the broader anthropology of agriculture 

are simple, but too much should not be made of them. What this study suggests is that 

sometimes it may have taken an extra push from outside to accelerate the transition from 

cultivation of a few plants ,o more intensive agriculture and the reliance on staple crops. 

This process should not be taken as a universal rule, nor a value statement about either 

the innovative capabilities of the local population or the long-term benefits of such a 

transition. Rather, it is possible that the group who settled at Mascota and founded the 

cemetery at El Pantano were accustomed to an agricultural lifestyle and brought that with 

them. Their lifestyle may, in turn, have encouraged others to change the way they were
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approaching their own growing of plants and general sustenance. Further population 

studies of recently discovered contemporaries of El Pantano should help to shed light on 

whether or not all these early agriculturalists in West Mexico had Andean connections, or 

if it was only this one group.

Implications for Migration and Movement Studies

This study appears to show both the utility and the limitations of using material 

goods as a proxy for studying the movement of or relationships among people on the 

prehistoric landscape. While the biological linkage between El Pantano and both Tlatilco 

and the Andes was suggested by material culture, archaeological inference might have 

gone astray by assuming that the population was most likely related to the geographically 

closest of those groups or the group most abundantly represented in the material record. 

The biological evidence suggests the contrary: the strongest phenetic affinity is with the 

Andean population samples, the group that has comparatively smallest representation in 

El Pantano’s material culture and the geographically most remote home territory. This 

shows the importance of including biological evidence in any discussion of groups of 

people and how they moved around on the landscape, not only in large migrational 

questions, but also in small, local movement.

Future Research

A number of different lines of dental evidence were collected in the field which 

might prove useful for further research. Odontometrics were taken as mesio-distal and



bucco-lingual maximal diameters (Moorrees and Chandha, 1962; Hillson, 1999; Irish and 

Hemphill, 2004). This data will be used in later studies to help determine the sex of 

individuals (Ditch and Rose, 1972), and perhaps as ancillary comparative data for 

populations whose morphology can not be studied but for whom metric data is more 

readily available (Lukacs, 1985; Harris and Rathbun, 1991). This might expand the 

number of reference samples available for comparison and increase both the accuracy and 

the precision of the phenotypic positioning of El Pantano among other populations. Too, 

additional forms of analysis are available with ratio level data (Baxter, 2003). For 

instance, Christensen (1998) has used odontometrics to look at linear and non-linear 

trends among populations in Oaxaca. Additional analyses like these might help to fme- 

tune El Pantano’s position in local trends in Jalisco and West Mexico.

The dental health of the sample varies widely, and will considered in detail as part 

of further research. Dental health often reflects diet, and diet in turn can reflect 

subsistence and other pressures on a population (Hillson, 1979; Hodges, 1987; Lukacs, 

1992; Greene et al., 2005; Greene, 2006). A better understanding of diet could reveal 

more details about the state of agricultural development and lifestyle at El Pantano. 

Generally speaking, the incidence of periodontal disease at El Pantano appears low and 

carious lesions moderately high, both gauged by severity and location (Buikstra and 

Ubelaker, 1994). Importantly, the distribution of carious lesions appears to conform to 

that suggested for populations amidst the transition into agricultural intensification: 

higher occlusal caries counts on molars and interproximal lesions associated, a pattern 

associated with increasing consumption of sugary carbohydrates like maize while still
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relying heavily on dietary meat (Greene, 2006). While these patterns require further 

exploration and analysis, they certainly corroborate the description of El Pantano as 

culturally amidst the Middle Formative.

Dental wear is another way of looking at diet 

(Schmidt, 2001; Greene, 2006). Wear was scored in the 

field according to Murphy’s standards for the anterior 

teeth and Scott’s quadrant system for molars (Scott, 1979;

Smith, 1984; Buikstra and Ublelaker, 1994; Hillson,

1999). This macrowear data can be used to check for 

crude patterns in mastication which may reveal dietary 

information (Smith, 1984), or later research could be 

collect microwear data for a greater level of detail 

(Greene, 2006).

Developmental irregularities can be another form 

of dietary impact on teeth (Hillson, 1999). At El Pantano, 

there were several instances of hypoplastic disorders, 

developmental disruptions of enamel deposition which 

suggest some biological stress in the individual at that 

time in their growth.. These can take the form of lines or 

pits, and are sometimes quite severe (see Figures 30 and 

31). Information on these disorders was collected during 

fieldwork and may prove useful for future research as

Figure 30. Pit hypoplasia 
from El Pantano

Figure 31. Linear 
hypoplastic constriction 
from El Pantano



another measure of health and diet. An understanding of these factors should enable not 

only a greater understanding of the status of the agricultural transition in West Mexico 

during this time, but of its success in maintaining the health of the people whose needs it 

supplied.

Beyond further intra-site research, there are a number of important topics for later 

exploration external to El Pantano itself. Without reference populations of known 

immediate proximity, it has been difficult to explore the homogeneity of El Pantano. The 

dental characteristics of El Pantano need be situated with a more detailed micro-regional 

context which might help to establish a more firm baseline for local homogeneity. Sites 

like El Embocadero (I and 11) and Los Coamajoles should be examined as well as other 

regional Formative sites which do not share as many apparent similarities with El 

Pantano. By doing so, it may be possible to begin establishing a baseline for dental 

affinity in Middle Formative West Mexico, thereby allowing specific populations to more 

thoroughly tested for homogeneity and more readily seen as unique. ASUDAS data from 

other West Mexican sites should also be collected and brought together for analysis to 

increase resolution of comparative data for this area.

Too, A great deal more analysis is required of the exact nature of the relationship 

between El Pantano and Tlatilco. More intensive dental study of Tlatilco, examining root 

traits for instance, and the incorporation of odontometrics might help to confirm or 

further illuminate this distant but intriguing relationship. Once a West Mexican dental 

trend has been established to give El Pantano greater context, then this data can be 

compared to other Central Mexican populations with and without Olmec connections to
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relate to the context of Tlatilco, rather than just the single site. That should not only 

refine the positioning of the various populations with an affinity network, but should 

more importantly help to further isolate the biological uniqueness of both Tlatilco and El 

Pantano stems.

Most important will be comparison to z broader range of reference population, 

especially from Guatemala and Ecuador, as well as other sites from Central America and 

northern South America. These might shed light on the directionality and timing of the 

biological movements which seem to have given rise to observed phenetic affinities.

Such results could prove useful for establishing routes of movement as well as patterns of 

migration and the peopling of both Mesoamerica and South America.

Conclusion

In coastal and near-coastal parts West Mexico, there is a scarcity of 

archaeological evidence prior to the advent of agriculture (Mountjoy, 1998; Williams, 

2005). There has, therefore, been much discussion among regional specialists on how 

and when agriculture came to this area (Mountjoy, 2000). The Middle Formative 

cemetery at El Pantano contained the skeletal remains of the earliest known 

agriculturalists in this area, thus extending our possible analysis deeper in time 

(Mountjoy, 2001, 2005; Cahue et al., 2002). The archaeology of the site revealed 

material connections throughout western and central Mexico, as well as into Gautemala 

and Ecuador (Mountjoy, 2001, 2002, 2003, 2005). While skeletal and protein 

preservation was often poor, dental preservation was significantly better (Mountjoy,



2001; Cahue et al., 2002). The analysis of dental morphology according to established 

standards has been proven a reliable avenue into the exploration of phenetic affinity, 

which is assumed to represent genetic relationship (Scott, 1973; Scott, 1980; Scott and 

Turner, 1997; Hillson, 1999). These methods have been used in a wide variety of 

contexts to establish both synchronic and diacrhronic relationships between populations 

(Dahlberg, 1945; Scott et al., 1983; Turner, 1985; Greenberg et al., 1986; Irish, 1993, 

1997, 1998a, 1998b, 2005, 2006; Haydenblit, 1996; Sutter, 1997; Irish and Guatelli- 

Steinberg, 2003). This project set out to submit the sampled El Pantano dentition to this 

kind of analysis in order to help illuminate its origins as a case study of how agriculture 

might have arrived in West Mexico.

A sample of 119 secondary dentitions were collected from the cemetery and 

analyzed in the lab. Field observations were made of the expression of 37 ASUDAS 

traits, according to well-established standards (Turner et al., 1991; Scott and Turner, 

1997). Both sexes were pooled in the sample, because sexual dimorphism is considered 

minimal for these traits (Scott, 1980; Scott et al., 1983; Turner et al., 1991; Scott and 

Turner, 1997). After the initial recording of the traits primarily as rank-scale ordinal 

data, this data was dichotomized according to threshold breakpoints from Turner (1985), 

Turner et al. (1991), Scott and Turner (1997), and Irish (2005). Each individual was 

assigned one presence/absence figure for each trait/tooth combination, based on the 

antimere which showed the highest expression (Scott, 1980; Turner et al., 1991). At this 

point, the data were ready for descriptive examination as trait presence frequencies, and 

for statistical and multivariate analysis.
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Trait frequencies were generally within the expectations for Sinodont populations 

as established by Turner (1985) and Scott and Turner (1997). When they varied , they 

tended to vary in the same manner as other New World reference samples from 

Haydenblit (1996) or Sutter (1997). The trait frequencies were then submitted to 

principal components analysis (PCA) in order to asses El Pantano’s phenetic affinity to 

four Mexican population samples published by Haydenblit (1996) and five Andean 

population published by Sutter (1997). The PCA demonstrated a clear division between 

the Mexican and Andean comparative samples in both three dimensions, accounting for 

82% of variation among samples, and two dimensions, accounting for 63% of inter

sample variation. El Pantano was situated with the Andean samples in these results. The 

trait frequency data were further submitted to hierarchical Ward’s method. The results 

exactly paralleled the results of PCA, showing a clear, ancestral division between 

Mexican and Andean reference populations, and situating El Pantano phenetically among 

the Andean samples.

Next, El Pantano was examined for intra-site variability in order to test the 

heterogeneity or homogeneity of the population. Pearson’s chi-square tests showed no 

significant non-random distribution of dental trait patterns according to either material 

culture association or spatial positioning in the cemetery. Irish and Konigsber’s (2006) 

method of using R-Web 1.03 to analyze the normal distribution of trait expression among 

ordinal grades revealed no statistically significant difference between the internal 

variation of El Pantano and that of Chinchorro, a population sample which has been 

established as biologically and archaeology homogenous (Rivera and Rothhammer, 1991;



Arriaza, 1995; Sutter, 1997). On these grounds, there is no analytical reason to consider 

El Pantano as representing a heterogenous population.

While further biological and archaeological research is required to refine the 

resolution of this study and to test models of potential explanatory scenarios, this study 

has recognized a clear pattern in the dental morphology of El Pantano. Analysis of the 

sample in combination with the archaeological evidence collected by Mountjoy (2001, 

2002, 2003, 2005, 2006) suggests that the population at El Pantano had a strong phenetic 

affinity with Andean populations. In particular, it appears to have been most closely 

related to highland populations, such as eventually colonized the valley sites of 

Chirabaya Alta and El Yaral (Sutter, 1997). Given previous suggestions of long-ranging 

trade from the Ecuadorian highlands (Anawalt, 1991, 1998; Callaghan, 2003), the results 

of this project are consistent with El Pantano’s representing a relocated population with 

close ties to Ecuador, possibly a group of merchant traders who decided to remain in 

Jalisco for some reason and brought prior-developed agricultural practices with them to 

West Mexico.
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The following text, describing the graded standards for each ASUDAS trait used 

in the inter-population analysis of this study, is taken directly from Turner, et al. (1991). 

The original article should be consulted for the scoring instructions for the full 

complement of traits.

Shoveling...

0. None'. Lingual surface is essentially flat.

1. Faint: Very slight elevations of mesial and disatal aspects of lingual surface can

be seen and palpated.

2. Trace: Elevations are easily seen. This grade is probably considered minimal

expression by most observers.

3. Semishovel'. Stronger ridging is present and there is a tendency for ridge

convergence at the cingulum.

4. Semishovel: Convergence and ridging are stronger than in Grade 3.

5. Shovel'. Strong development of ridges, which almost contact at the cingulum.

6. Marked shovel: Strongest development. Mesial and distal lingual ridges are

sometimes in contact at the cingulum...

7. (UI2 only) Barrel'. Expression exceeds grade 6. To be considered barrel

shaped, the form should not result from a hypertrophied tuberculum 

dentale.

Appendix A. Trait Scoring Standards



148

Double-shoveling...

0. None: Labial surface is smooth

1. Faint: Mesial and distal ridging can be seen in strong contrasting light. Distal

ridge may be absent in this and stronger grades.

2. Trace: Ridging is more easily seen and palplated.

3. Semi-double-shovel: Ridging can be readily palpated.

4. Double-shovel: Ridging is pronounced on at least one half of the total crown

height.

5. Pronounced double-shovel: Ridging is very prominent and may occur from the

occlusal surface to the crown-root-junction.

6. Extreme double-shovel...

Tuberculum Dentale...

0. No expression. Cingular region of the lingual surface is smooth. Ignore any

shoveling presence.

1. Faint ridging. Matches grade 1 of the ASU UI1 t.d. plaque.

2. Trace ridging. Matches grade 2 of the ASU UI1 t.d. plaque.

3. Strong ridging. Matches grade 3 of the ASU UI1 t.d. plaque.

4. Pronounced ridging. Matches grade 4 of the ASU UI1 t.d. plaque.

5-. A weakly developed cuspule is attached to either the mesio- or distolingual 

marginal ridge. Cuspule apex is not free. Not represented on a plaque.



Interpolate between ASU UI1 t.d. grade 4 and the tubercumulum dentale 

found on ASU UC DAR grade 4.

5. Weakly developed cuspule with a free apex. Size corresponds approximately

with ASU UC DAR grade 4 tuberculum dentale.

6. Strong cusp with a free apex. Size is equal to or greater than the ASU UC

DAR grade 5 tuberculum dentale...

Distosagittal Ridge... [Uto-Aztecan Premolar]

0. Normal premolar form occurs.

1. Distosagittal ridge is present...

Hypocone...

0. No hypocone. Site is smooth.

1. Faint ridging present at the site.

2. Faint cuspule present.

3. Small cusp present.

3.5. Moderate-sized cusp present.

4. Large cusp present.

5. Very large cusp present...

Cusp 5 (Metaconule)..
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0. Site of cusp 5 is smooth, there being only a single distal groove present,

separating cusps 3 and 5.

1. Faint cuspule is present.

2. Trace cuspule present.

3. Small cuspule present.

4. Small cusp present.

5. Medium-size cusp present...

Caribelli’s Trait...

0. The mesiolingual aspect of cusp 1 is smooth.

1. A groove is present.

2. A pit is present.

3. A small Y-shaped depression is present.

4. A large Y-shaped depression is present.

5. A small cusp without a free apez occurs. The distal border of the cusp does not

contact the lingual groove separating cusps 1 and 4.

6. A medium-sized cusp with an attached apex making contact with the medial

lingual groove is present.

7. A large free cusp is present...

Peg-Shaped Incisor...

0. Normal sized incisor.
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1. Incisor reduced in size, but having normal crown form.

2. Peg-shaped incisor...

Odontome...

0. Odontime not present.

1. Odontome present...

Groove pattern...

Y. Cusps 2 and 3 are in contact.

+. Cusps 1 - 4  are in contact.

X. Cusps 1 and 4 are in contact...

Protostylid...

0. No expression of any sort. Buccal surface is smooth.

1. A pit occurs in the buccal groove.

2. Buccal groove is curved distally.

3. A faint secondary groove extends mesially from the buccal groove.

4. Secondary groove is lightly more pronounced.

5. Secondary groove is stronger and can be easily seen.

6. Secondary groove extends across most of the buccal surface of cusp 1. This is

considered a weak or small cusp.

7. A cusp with a free apex occurs
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Date:

File name/no: 

Maxillary

Appendix B. Data Recording Form

Facility: Recorded by:

Age: Sex: Ind. Notes:

I1R 11L I2R I2L CR CL P1R P1L P2R P2L MIR MIL M2R M2L M3R M3L
Status !
(B/L)

BL diam (mm) 
MD diam (mm) 
Carious lesions 
Abcess 
Periodontitis 
Calculus 
Cultural 
treatment 
Winging 
Midline 
Diastema 
Labial curvature 
Shovelling 
Double shovel 
Interruption gr. 
Tuberculum dnt. 
C mesial ridge 
Distal acc. ridge 
Mesial/dist. 
cusps
Uto-Aztecan pm 
Metacone 
Hypocone 
Cusp 5
Carabelli's trait 
C2 parastyle

W tz

I P

I I P

J H

J H
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Appendix C. Raw Data

Data presented here represents how each individual was scored for the traits used in inter-population analysis. The full 

data will be made available upon request in electronic format. A score of “9” indicates missing data.

Ref
No. Quad Pozo WngUIl MdDiUI LbCUIl ShvUIl DShUIl IntUI2 TDUI2 CMRUC DARUC UAPm HypUM2 C5UM1 CrbUMl

2 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
3 2 37 9 9 0 4 3 9 9 0 0 0 5 0 0
4 2 37 1 9 2 3 0 0 0 9 9 1 5 0 0
5 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
6 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
7 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
8 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
9 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9

10 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
11 2 37 9 9 3 0 0 M 0 0 0 0 5 0 0
12 3 24 9 9 2 4 4 D 4 0 0 IB 5 0 0
13 1 43 9 9 9 9 9 9 9 9 9 IB 4 0 0
14 2 37 9 9 9 9 9 9 9 9 9 9 9 0 0
15 2 29 9 9 9 9 9 M 4 0 3 0 5 0 1
16 2 29 9 9 2 4 1 9 9 9 9 9 9 9 9
17 3 1 9 9 2 5 6 9 9 9 9 0 9 9 9
18 3 1 9 9 9 9 9 9 9 0 9 0 9 9 9
19 3 1 9 9 9 9 9 9 9 9 9 0 9 9 9
20 3 1 9 9 3 1 2 9 9 9 9 0 3.5 0 0
21 3 1 9 9 9 9 9 9 9 9 9 9 9 0 0
22 3 1 9 9 9 9 9 9 9 9 9 0 9 9 9
23 3 1 9 9 9 9 9 9 9 9 9 9 9 9 9
25 1 25 9 9 0 0 2 C 0 9 9 0 5 0 0
26 1 25 9 9 2 2 3 9 9 9 9 9 9 9 9
27 1 25 9 9 2 2 0 9 9 9 9 0 3 9 9
28 1 25 9 9 4 5 6 0 0 9 9 9 9 9 9
29 1 25 1A 0.8 4 3 4 C 0 0 0 0 3.5 0 0
30 1 25 9 9 9 9 9 9 9 9 9 9 9 9 9



31 1 25 9 9 2 2 2 9 9 0 3 0 4 0 0

32 1 26 9 9 9 9 9 9 9 9 9 9 9 9 9
33 1 26 9 9 9 9 9 9 9 9 9 0 0 0 0

34 2 29 9 9 9 9 9 9 9 9 9 0 9 9 9
35 4 30 9 9 9 3 9 9 9 9 9 9 9 9 9
36 1 3 9 9 9 9 9 9 9 9 9 9 9 9 9
37 2 39 9 9 9 9 9 9 9 9 9 9 9 9 9
38 4 19 9 9 1 3 0 9 9 9 9 0 4 0 0

39 3 4 0 9 2 4 3 9 9 0 0 0 0 0 0

40 3 4 9 9 9 9 9 9 9 9 9 9 9 9 9
41 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
42 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
43 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
44 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
45 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
46 2 20 9 9 1 3 0 9 9 9 9 9 9 9 9
47 2 20 9 9 0 4 3 0 0 0 2 0 3 0 4
48 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
49 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
50 4 21 9 9 9 9 9 9 9 9 9 0 3.5 9 9
51 3 24 9 9 9 9 9 9 9 9 9 9 3 9 9
52 3 24 9 9 9 9 9 9 9 9 9 0 9 9 9
53 3 24 9 9 1 5 2 C 4 0 0 0 0 3 0

54 3 24 9 9 9 9 9 9 9 9 9 0 9 9 9
55 3 24 9 9 2 4 0 9 9 9 9 0 9 0 0

56 2 17 9 9 2 4 2 M 0 0 0 1 9 0 0

57 2 17 9 9 0 4 0 9 9 9 9 0 9 0 2

58 2 17 9 9 9 9 9 9 9 9 9 9 9 9 9
59 4 16 9 9 4 6 0 9 9 0 0 9 9 9 9
60 4 16 9 9 3 2 3 M 3 0 0 0 3.5 0 1

61 2 20 9 9 9 9 9 9 9 0 9 0 9 0 0

62 2 20 9 9 9 9 9 9 9 9 9 9 9 0 0

63 2 20 9 9 1 2 2 M 0 0 0 0 3.5 3 2

64 2 20 9 9 0 9 1 9 9 9 9 9 4 9 9
65 2 20 9 9 1 3 1 9 9 0 0 9 9 9 9
66 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9



oo

67 2 20 9 9 9 9 9 9 9 9 9 9 9 9 9
68 2 20 9 9 2 2 0 0 6 0 2 0 5 0 5
69 2 20 9 9 9 9 9 M 3 0 3 IB 5 0 0
70 1 5 9 9 9 9 9 9 9 9 9 9 4 9 9
71 4 15 9 9 9 9 9 9 9 9 9 9 9 9 9
72 4 27 9 9 9 9 9 9 9 9 9 9 9 9 9
74 3 7 9 9 9 9 9 9 9 0 2 0 3.5 2 0
75 1 10 9 9 9 9 9 9 9 9 9 0 9 9 9
76 1 6 9 9 4 4 0 9 9 0 4 2 3.5 0 5
77 1 6 9 9 0 4 0 0 0 0 0 IB 0 0 0
78 1 6 9 9 9 9 9 9 9 9 9 9 4 9 9
79 1 6 9 9 9 9 9 9 9 9 9 9 9 9 9
80 1 6 9 9 9 9 9 9 9 9 9 9 9 9 9
81 3 4 9 9 1 3 6 0 0 9 9 9 9 9 9
82 3 7 9 9 0 1 2 9 9 0 0 0 9 0 0
83 3 4 9 9 9 9 9 9 9 9 9 9 9 9 9
84 1 5 9 9 9 9 9 9 9 9 9 9 9 9 9
85 i : 5 9 9 9 9 9 9 9 9 9 9 9 9 9
86 l 5 9 9 1 1 0 9 9 0 9 9 9 9 9
87 l 5 9 9 0 2 0 9 9 9 9 0 9 9 9
88 4 8 9 9 9 9 9 9 9 9 9 9 9 9 9
89 1 9 9 9 9 9 9 9 9 9 9 0 9 9 9
90 2 22 9 9 9 9 9 D 5 9 9 9 9 9 9
91 2 22 9 9 9 9 9 9 9 9 9 IB 4 9 9
92 X 9 9 9 9 9 9 9 9 9 9 9 9 9
93 3 13 9 9 9 9 9 9 9 9 9 9 9 9 9
94 2 11 9 9 9 9 9 9 9 9 9 9 9 9 9
95 2 11 9 9 4 5 3 9 9 9 9 9 0 0 0
96 2 11 9 9 9 9 9 9 9 0 0 0 3 9 9
97 2 11 9 9 9 9 9 9 9 9 9 0 9 0 0
98 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9
99 1 2 9 9 9 9 9 9 9 0 0 9 9 9 9

100 1 2 9 9 9 9 9 9 9 9 9 9 9 9 9
101 1 2 9 9 9 9 9 9 9 0 9 9 9 9 9
102 1 2 9 9 9 9 9 9 9 9 9 9 9 9 9
103 1 2 9 9 9 9 9 9 9 0 0 0 9 9 9



104 1 2 9 9 3 0 0 9 9 9 9 9 3.5 9 9
105 1 2 9 9 9 9 9 9 9 9 9 9 9 9 9
106 1 10 9 9 4 6 0 C 0 0 0 0 3.5 9 9
107 1 10 9 9 9 9 9 0 5 0 0 0 4 0 0
108 1 10 9 9 1 2 0 0 0 0 0 0 4 0 0
109 1 10 9 9 9 9 9 9 9 0 0 0 3 9 0
110 2 29 9 9 9 9 9 9 9 9 9 9 9 9 9
111 3 7 9 9 9 9 9 9 9 9 9 9 9 9 9
112 3 7 9 9 9 9 9 9 9 9 9 9 9 0 7
113 3 7 9 9 9 9 9 9 9 9 9 9 9 9 9
114 3 7 9 9 1 2 0 D 0 0 0 IB 0 0 0
115 3 24 0 9 1 9 0 9 9 0 0 0 9 0 9
117 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
119 2 39 9 9 1 2 5 0 0 9 0 0 3 1 0
120 2 39 9 9 9 9 9 9 9 0 0 9 9 9 9
121 1 42 9 9 9 9 9 9 9 9 9 9 9 9 9
122 2 37 9 9 9 9 9 9 9 9 9 9 9 9 9
123 2 29 9 9 9 9 9 9 9 9 9 9 4 9 9

VO



o

Ref No. PrsUM3 EnmUMl RtNUPl RtNUM2 PegUI2 OdPl2 AbsUM3 LngLP2 AntLMl GrvLM2 CspLMl CspLM2 DefLMl DTCLM1
2 9 9 9 9 9 9 9 99 0 X 4 4 9 9
3 0 0 2 3 9 0 0 3 0 X 5 4 9 9
4 9 9 9 9 0 0 0 0 9 9 9 9 9 9
5 9 9 9 9 9 9 9 99 9 9 9 9 9 9
6 9 9 9 9 9 9 9 99 9 9 9 9 9 9
7 9 9 9 9 9 9 9 99 9 9 9 9 9 9
8 9 9 9 9 9 0 9 99 0 Y 5 5 9 9
9 9 9 9 9 9 0 9 99 9 9 9 9 9 9

10 9 9 9 9 9 9 9 99 9 Y 9 4 9 9
11 0 0 1 3 0 0 0 99 9 9 9 9 9 9
12 0 0 2 3 0 0 0 99 0 X 4 4 9 9
13 0 0 9 3 9 0 0 3 0 Y 5 5 9 9
14 9 0 9 9 9 9 9 99 9 9 9 9 9 9
15 0 0 1 3 0 0 0 99 0 9 4 9 9 9
16 9 9 1 9 9 9 9 99 9 9 9 9 9 9
17 3 9 9 9 9 0 0 99 9 9 9 9 9 9
18 9 9 1 9 9 9 9 99 9 9 9 9 9 9
19 9 9 1 9 9 0 0 99 0 9 9 5 9 9
20 0 0 2 3 9 0 0 99 9 9 9 9 9 9
21 0 9 9 9 9 9 0 99 9 Y 5 9 9 9
22 9 9 1 9 9 0 9 99 2 X 4 4 3 0
23 9 9 9 9 9 9 9 99 0 Y 4 4 9 9
25 0 0 9 9 0 0 0 99 9 9 4 4 9 9
26 3 9 9 9 9 9 0 99 9 9 9 9 9 9
27 2 9 1 3 0 0 0 99 9 9 4 4 9 9
28 9 9 9 9 0 9 9 99 9 Y 9 6 9 9
29 1 0 1 3 0 0 0 99 0 X 4 4 9 9
30 0 9 9 9 9 9 0 99 9 9 9 9 9 9
31 9 0 1 3 0 0 9 2 0 5 4 9 9
32 9 9 9 9 9 9 9 99 9 9 9 9 9 9
33 9 0 1 3 0 0 9 99 9 9 9 9 9 9
34 9 9 9 9 9 0 9 99 9 9 9 9 9 9



35 3 9 9 9 9 9 0 99 9 9 9 9 9 9

36 9 9 9 9 9 9 9 99 9 9 9 9 9 9

37 9 9 9 9 9 9 9 99 9 9 9 9 9 9

38 0 0 2 3 9 9 9 99 9 X 4 4 9 9

39 0 0 1 3 9 0 0 6 9 9 5 5 9 9

40 9 9 9 9 9 9 9 99 9 9 9 9 9 9

41 0 9 9 9 9 9 0 99 1 9 6 9 9 0

42 9 9 9 9 9 9 9 99 9 9 4 9 9 9

43 9 9 9 9 9 0 9 7 0 X 6 6 9 9

44 9 9 9 9 9 0 9 99 9 9 6 5 9 9

45 9 9 9 9 9 0 9 99 9 X 5 4 9 9

46 9 9 9 9 9 0 9 0 9 9 4 4 9 9

47 0 0 1 3 R 0 0 99 9 9 9 9 9 9

48 0 9 9 9 9 9 0 99 9 9 9 9 9 9

49 9 9 9 9 9 0 9 99 0 9 5 9 9 9

50 9 9 2 9 9 0 9 99 9 9 9 9 9 9

51 0 9 9 9 9 0 0 99 9 X 9 4 9 9

52 9 9 1 9 9 0 9 99 0 Y 4 4 9 9

53 0 9 9 9 9 0 0 6 0 Y 5 5 9 9

54 9 9 9 9 9 0 9 99 9 9 9 9 9 9

55 9 0 9 9 9 9 9 99 9 9 9 9 9 9

56 9 9 1 9 0 9 9 99 9 9 9 9 9 9

57 9 3 1 9 9 0 9 99 0 X 5 5 9 9

58 9 9 9 9 9 0 9 2 9 9 9 4 9 9

59 0 9 9 9 9 0 0 0 0 9 5 9 9 9

60 9 0 1 2 0 0 9 1 0 X 5 4 9 9

61 9 0 1 9 9 9 9 99 9 9 9 9 9 9

62 9 0 9 9 9 9 9 99 9 9 9 9 9 9

63 0 0 1 3 0 0 0 99 9 9 9 9 9 9

64 9 0 9 9 9 9 9 99 9 9 4 9 9 0

65 9 9 9 9 9 0 9 7 0 9 6 9 9 9

66 9 9 9 9 9 0 9 99 9 9 9 9 9 9

67 9 9 9 9 9 9 9 99 9 9 9 9 9 9

68 0 0 1 9 0 0 0 99 9 9 9 9 9 9

69 0 0 2 9 0 0 0 99 9 9 9 9 9 9

70 0 9 9 3 9 0 0 99 9 9 5 5 9 9

I—1



K>

71 9 9 9 9 9 9 9 99 9 9 9 9 9 9
72 9 9 9 9 9 9 9 99 9 9 9 9 9 9
74 0 0 1 9 9 0 0 99 9 9 9 9 9 9
75 0 9 9 9 9 9 0 99 0 9 9 9 9 9
76 1 0 9 3 9 0 0 99 9 9 9 9 9 9
77 0 9 9 9 0 0 0 0 0 X 5 4 9 9
78 0 9 9 9 9 9 0 99 9 9 9 9 9 9
79 9 9 9 9 9 9 9 99 9 9 9 9 9 9
80 9 9 9 9 9 9 9 99 9 9 9 5 9 9
81 9 9 9 9 0 9 9 99 9 9 9 9 9 9
82 0 0 1 9 9 0 0 0 1 Y 5 5 0 0
83 9 9 9 9 9 0 9 5 9 Y 9 4 9 9
84 9 9 9 9 9 9 9 99 9 9 9 9 9 9
85 9 9 9 9 9 9 9 99 9 9 4 9 9 9
86 9 9 9 9 9 9 9 99 9 9 9 9 9 9
87 9 9 9 9 9 0 9 99 9 9 9 9 9 9
88 9 9 9 9 9 0 9 99 9 9 9 9 9 9
89 9 9 9 9 9 0 9 99 9 9 9 9 9 9
90 9 9 9 9 0 9 9 99 9 9 9 9 9 9
91 0 9 1 9 9 0 0 3 9 Y 5 9 9 9
92 9 9 9 9 9 9 9 99 9 9 9 9 9 9
93 9 9 9 9 9 0 9 99 9 X 9 5 9 9
94 0 9 9 9 9 9 0 99 4 9 5 9 9 9
95 0 0 9 3 9 0 0 2 0 X 5 5 9 9
96 9 9 1 3 9 0 9 99 9 9 9 9 9 9
97 9 0 1 9 9 0 9 99 9 9 9 9 9 9
98 9 9 9 9 9 9 9 99 9 9 9 9 9 9
99 9 9 9 9 9 9 9 99 9 9 4 4 9 9

100 9 9 9 9 9 9 9 99 1 9 4 4 9 9
101 9 9 9 9 9 9 9 99 9 9 9 9 9 9
102 9 9 9 9 9 0 9 99 9 9 9 9 9 9
103 9 9 9 9 9 1 9 99 9 Y 9 5 9 9
104 9 9 9 3 9 9 9 99 0 Y 5 4 9 9
105 9 9 9 9 9 9 9 99 9 9 4 9 9
106 9 9 1 9 0 0 9 99 9 X 9 5 9 9
107 0 0 1 3 0 0 0 99 9 9 9 5 5 9



108 0 0 9 9 0 0 0 0 1 X 5 4 9 9
109 0 0 9 3 9 9 0 99 0 X 4 4 9 9
110 9 9 9 9 9 9 9 99 0 Y 5 4 9 9
111 9 9 9 9 9 9 9 99 9 Y 9 5 9 9
112 9 0 9 9 9 9 9 99 9 9 9 9 9 9
113 9 9 9 9 9 0 9 99 0 9 4 9 9 9
114 9 0 9 3 0 9 9 99 0 9 4 9 9 9
115 9 0 1 9 0 0 9 0 9 Y 6 4 9 9
117 9 9 9 9 9 9 9 99 9 9 9 9 9 9
119 0 0 1 3 0 0 0 0 1 Y 9 5 9 9
120 9 9 9 9 9 9 9 99 9 9 9 9 9 9
121 9 9 9 9 9 9 9 99 9 9 9 4 9 9
122 9 1 9 9 9 0 0 99 9 9 9 9 9 9
123 9 9 9 3 9 9 9 99 9 9 9 9 9 9

O n



a\

Ref
No. PrtLMi C7LM1 RtNLC RtNLMi RtNLM2 TmRLPi TrsLM3

2 0 0 1 2 2 0 9
3 0 0 1 9 2 9 0

4 9 9 9 9 9 9 9
5 9 0 9 9 9 9 9
6 9 9 1 9 9 9 0

7 9 9 1 9 9 9 9
8 0 0 1 9 9 1 0

9 9 9 9 9 9 9 9
10 0 0 9 9 9 9 9
n 9 9 9 9 9 9 9
12 0 0 1 9 9 9 9
13 0 0 2 3 2 9 9
14 9 9 9 9 9 9 9
15 l 0 1 2 9 9 9
16 9 9 9 9 9 9 9
17 9 9 9 9 9 9 9
18 9 9 1 9 9 9 9
19 9 9 9 2 2 9 9
20 9 9 1 9 9 9 9
21 9 9 9 9 2 9 9
22 0 0 9 9 9 9 9
23 0 0 9 9 9 9 9
25 0 0 1 2 9 9 0
26 9 9 9 9 9 3 9
27 0 0 1 2 2 0 9
28 9 9 9 2 9 9
29 o 0 1 2 2 0 9
30 9 9 9 9 9 9 9
31 0 4 1 2 2 9 9
32 9 9 9 9 9 9 9
33 9 1 9 9 9 9
34 9 9 9 9 9 9 9



35 9 9 9 9 9 9 9
36 9 9 9 9 9 9 9
37 9 9 1 9 9 9 9
38 0 0 1 3 2 0 9
39 0 0 1 2 2 9 0

40 9 9 9 9 9 9 9
41 1 0 9 2 9 9 9
42 9 9 9 9 2 9 9
43 4 0 1 2 2 9 0

44 3 0 l 9 9 9 0

45 2 0 9 9 9 9 0

46 0 0 1 9 2 0 0

47 9 9 9 9 9 9 9
48 9 9 9 9 9 9 9
49 9 0 9 2 2 0 9
50 9 9 9 9 9 9 9
51 9 9 9 9 9 9 9
52 0 0 1 2 2 0 9
53 0 0 9 9 9 0 9
54 9 9 9 9 9 9 9
55 9 9 9 9 9 9 9
56 9 9 1 9 9 9 9
57 1 0 9 2 2 9 9
58 0 0 9 9 2 9 9
59 9 0 1 2 9 0 0

60 2 0 1 2 1 0 0
61 9 9 9 9 9 9 9
62 9 9 9 9 9 9 9
63 9 9 9 9 9 9 9
64 0 1 9 9 9 9 0

65 1 0 9 2 9 0 9
66 9 9 9 9 9 0 9
67 9 9 9 9 9 9 9
68 9 9 9 9 9 9 9
69 9 9 9 9 9 9 9
70 0 0 9 9 9 9 9



O n

71 9 9 1 9 9 9 9
72 9 9 9 9 9 9 9
74 9 9 1 9 9 9 9
75 9 9 9 9 9 9 9
76 9 9 9 9 9 9 9
77 0 0 1 9 9 9 0
78 9 9 9 9 9 9 9
79 9 9 9 9 9 9 9
80 9 9 1 9 1 9 9
81 9 9 9 9 9 9 9
82 0 0 1 2 9 3 9
83 9 9 1 9 9 9 0

84 9 9 9 9 9 9
85 0 0 1 2 9 0 0
86 9 9 9 9 9 0 9
87 9 9 1 9 9 0 9
88 9 9 1 9 9 1 9
89 9 9 9 9 9 0 9
90 9 9 9 9 9 9 9
91 9 9 9 9 9 9 9
92 9 9 1 9 2 9 9
93 9 9 1 9 9 9 0

94 0 1 9 2 9 9 9
95 0 0 1 2 2 0 9
96 9 9 9 9 9 9 9
97 9 9 9 9 9 9 9
98 9 9 1 9 9 9 9
99 0 0 1 2 2 0 9

100 0 0 9 2 2 0 9
101 9 9 9 9 9 0 9
102 9 9 1 9 9 0 9
103 9 9 9 9 9 9 9
104 0 0 1 2 1 9 9
105 9 9 9 9 9 9 30
106 9 9 9 9 2 9 9
107 9 0 1 2 2 0 0



108 O 0 9 9 9 0 0
109 0 0 9 2 9 9 9
110 0 0 1 2 9 9 9
111 9 9 9 9 2 9 9
112 9 9 9 9 9 9 9
113 1 0 9 2 9 0 9
114 0 0 9 2 9 9 9
115 0 0 1 9 9 9 0
117 9 9 9 9 9 9 9
119 9 9 1 2 2 0 0
120 9 9 1 9 9 9 9
121 9 9 9 9 9 9 9
122 9 9 9 9 9 9 9
123 9 9 9 9 9 9 9

h—‘o\


