
Boston University

OpenBU http://open.bu.edu

Boston University Theses & Dissertations Boston University Theses & Dissertations

2020

A geometric morphometric analysis of

contemporary  Hispanic populations

from Mexico and Colombia

https://hdl.handle.net/2144/39423

"Downloaded from OpenBU. Boston University's institutional repository."



   

BOSTON UNIVERSITY 

 

SCHOOL OF MEDICINE 

 

 

 

 

 

Thesis 

 

 

 

 

 

A GEOMETRIC MORPHOMETRIC ANALYSIS OF CONTEMPORARY 

 

HISPANIC POPULATIONS FROM MEXICO AND COLOMBIA 

 

 

 

 

by 

 

 

 

 

SERGIO CALLE 

 

B.A., New York University, 2016 

 

 

 

 

 

Submitted in partial fulfillment of the 

 

requirements for the degree of 

 

Master of Science 

2020 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2020 by 

 SERGIO CALLE 

 All rights reserved 



   

Approved by 

 

 

 

 

First Reader   

 Sean D. Tallman, Ph.D. 

 Assistant Professor of Anatomy and Neurobiology 

  

 

 

Second Reader   

 Meredith K. Spradley, Ph.D. 

 Associate Professor of Anthropology 

 Texas State University: San Marcos 

 

 

 

 



 

 iv 

DEDICATION 

 

 

 

 

I would like to dedicate this work to my family, close friends in the Boston area, and 

colleagues. 

 

 



 

 v 

ACKNOWLEDGMENTS 

 

This thesis and investigation would not have been possible without the consistent 

support of all the faculty and staff at Boston University School of Medicine, namely the 

members of the forensic anthropology program. I would first like to think my first author, 

Dr. Sean Tallman for the encouragement during my time at Boston University. Much of 

my academic formation would not have been possible without his support and therefore 

he deserves special thanks. I would also like to thank my second author Dr. Kate 

Spradley as she has been a tremendous force in realizing this research. The data that was 

donated from her bolsters the efficacy and weight of this thesis. 

Special things are necessary for the faculty of both universities in Mexico and 

Columbia, UNAM and the University of Antioquia. All of the faculty dedicated time to 

welcome me to their respective departments and provided an enjoyable experience. While 

I cannot name every single individual, I met during my time abroad I would like to 

specifically thank Antinea Menedez and Timisay Monsalve. Thank you for opening the 

door to your home.  

Finally, I would like to thank my family. Without them, this would not have been 

possible. 

  



 

 vi 

A GEOMETRIC MORPHOMETRIC ANALYSIS OF HISPANIC POPULATIONS 

FROM MEXICO AND COLOMBIA 

SERGIO CALLE 

ABSTRACT 

In contexts such as natural disasters, humanitarian efforts, and other forensic 

investigations, the timely and accurate development of the biological profile (sex, age, 

ancestry, and stature of skeletonized remains) is vital to the identification of decedents. 

At present, the term “Hispanic” is a socio-linguistic classifier that includes all persons of 

South or Central American, Mexican, Cuban, Puerto Rican, or other Latino and Spanish-

speaking persons into a single category; the term is also the current designator used by 

forensic anthropologists—in ancestry estimation—to identify anyone from a Latin 

American country. From a biological standpoint, the term is ineffective in describing 

these individuals because the human biological variation within and among different 

Hispanic populations cannot be encompassed by a single category. With regards to the 

development of the biological profile, ancestry estimations for these individuals are 

tenuous at best. This is due to the poor nature of the single reference sample used to 

create the current methods in ancestry and sex estimation—a common trend in forensic 

anthropology. The untested assumption that all Hispanic individuals are skeletally 

homogenous results in haphazard identifications and hinders effective forensic 

investigation. 

The primary objective of this research is to examine geometric morphometric 

variability in 547 documented individuals from three contemporaneous Latin American 
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groups represented by Colombian, Mexican, and Migrant (U.S./Mexico border crossers) 

samples in order to ascertain whether it is possible to distinguish specific Hispanic 

populations. Using geometric morphometric (GM) analyses, the effects of shape-related 

variation independent of size can be implemented to isolate where on the cranium 

differences between groups are expressed.  

The results suggest that GM-derived population-specific criteria for Hispanic 

individuals possess the discriminatory power that is necessary towards improving the 

underdeveloped methods of identification for diverse Hispanic individuals living in the 

U.S. and abroad. Canonical variate analyses of the three samples separates the groups 

distinctly along both axes (CV1 and CV2). The morphological differences are 

predominantly seen in cranial height and sagittal vault shape, with Colombians having 

taller cranial vaults than the Mexican samples.  

The final results of this study demonstrate the utility that GM approaches have in 

forensic anthropology with respect to ancestry estimation and can be used to update 

various techniques required to develop the biological profile. Without constantly 

updating, refining, and re-validating the techniques, forensic anthropologists fail to 

provide the caliber of service required to approach the various forensic contexts. 
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Chapter I: INTRODUCTION 

  

Ancestry estimation in forensic anthropology 

 

Forensic anthropology is the specialized sub-discipline within anthropology that 

applies bio-anthropological method and theory in a medico-legal setting (DiGangi and 

Moore 2013; Komar and Buikstra 2008). Various skeletal elements are analyzed to 

develop estimations of age, sex, stature, and ancestry which ultimately culminates in a 

biological profile used by investigators to narrow the search for missing persons. A 

strong contention regarding the estimation of ancestry exists as many biological 

anthropologists argue that the word “ancestry” has simply replaced the word “race”, 

which was problematically delineated by early physical anthropologists at the turn of the 

20th century (Larson 2010). Anthropological theory has the potential to affect how the 

society perceives the natural world; the field must be uniquely cautious when 

approaching topics involving the separation of human groups so as not to repeat the past. 

Since the inception of the “new physical anthropology”, studies on human variation now 

focus on populations as the unit of study (Caspari 2003; Fuentes 2010; Washburn 1951).  

However, an unfortunate repercussion of the scientific-historic vindication of 

typologically defined groups was the pervasion of this negligence into society at large; 

social “race” is an active facet of today’s world used to categorize people and describe 

phenotypic traits. Studies of ancestry, however, focus on complex evolutionary theory 

and the unique geographic histories of populations over evolutionary time. Despite the 
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argument that forensic anthropology is retrogressing “back to the traditional techniques 

of human identification” (Armelagos and Van Gerven 2003:60), studies of ancestry 

investigate the distribution, frequency, and statistical significance of craniometric and 

nonmetric traits. Most forensic anthropologists are well aware that racial types cannot 

accurately describe human biological variation; any parameters used to define 

populations are subjectively drawn and classification accuracy does not justify racial 

classifications, but rather combat it (Relethford 2009). Moreover, the field of forensic 

anthropology has not been able to meet the needs of diversifying minority populations in 

the U.S.  

The present research proposes to address and ameliorate this ongoing issue of 

using methods that lack population specificity when analyzing Hispanic remains. The 

Hispanic reference group currently used in metric forensic ancestry estimation is 

comprised of individuals born in the U.S., Mexico, and Central America (namely 

Guatemala); however, research has demonstrated that individuals from other Latin 

American countries also attempt to cross the border in relatively high frequencies 

(Spradley et al., 2008). The data for this reference sample are largely comprised of border 

crosser fatalities and therefore presents a Southwest bias; there are consequences that 

have domestic and international implications. Without data from other Latin American 

countries, the Hispanic group cannot identify individuals from metropolitan cities with 

diverse Latino communities nor those whom originate from Latin American countries 

other than Mexico and Central America.  
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With respect to geographic origins, the reference group fails to encapsulate the 

expansive variation present among different Hispanic populations in Latin America 

(Ousley et al., 2009; Spradley et al., 2008). Once again, the current methods of ancestry 

estimation falter because the reference sample used to represent U.S. Hispanics does not 

distinguish between the diverse populations and simply collapses an entire continent and 

region—and said idiosyncratic histories—into a single group. This is both a gross and 

typological simplification of human biological variation. 

 

Statement of problem  

 

 The term “Hispanic” identifies individuals based on a common spoken language 

(not phenotypic appearances); this renders the term ineffective since it provides no 

relevant information on geographic affinity—forensic anthropologists are unable to 

determine if an individual was a Spanish speaker. However, it is used as a means of self-

reported demographic information (i.e., government forms) and in forensic contexts as a 

means of identification because of the likelihood a decedent used the term to self-identify 

in life. 

The current approach involves the collection of multiple inter-landmark distances 

(ILD) which are then entered into FORDISC 3.1, a software program that subsequently 

classifies an unknown skull into one of 13 reference groups (Ousley and Jantz 2005). The 

Hispanic reference group represents Southwest Hispanics; therefore, ancestry estimations 

can only be used on this specific population. This method often fails to identify Hispanics 
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because there is only one single reference group used to represent the entire demographic 

(Spradley et al., 2008). The gross oversimplification of human biological variation is a 

problem because it propagates the fictitious notion that all Hispanics can be lumped into a 

single, homogenous group. When considering the diverse composition of U.S. Hispanics, 

it is clear that having a single group represent a multi-regional demographic is extremely 

haphazard. It is ineffective and thus ultimately delays and/or prevents forensic 

investigation, both within and outside the U.S. This flaw has severe consequences, 

especially for forensic anthropologists working in states with diverse Hispanic 

communities such as New York, Florida, Texas, Arizona, and California.  

Additionally, the methods developed should have the potential to be used 

internationally in Mexico, South, Central, and Caribbean America but currently this is not 

possible because of the severely limited composition of the Hispanic reference group. In 

order to create appropriate standards for Hispanics, statistical models must come from 

contemporaneous samples from different Latin American countries. The current 

methodology does not account for contemporary variation, nor the micro-evolutionary 

processes that gave rise to the variation; it is likely the Hispanics who are not represented 

by this group will either be misclassified or unable to be appropriately identified which, 

again, impedes forensic investigation. 

This research seeks to analyze three geographically distinct, modern samples—

Colombia, Mexico, and Migrant—in an effort to elucidate the potential for statistically 

significant GM differences. Additionally, this investigation will directly address the 

population gap in the current reference data. Forensic anthropologists are responsible for 
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assessing ancestry in a statistically meaningful way by analyzing variation seen in the 

human cranium. As a starting point, the relationships within and between contemporary 

Hispanic populations should be explored. Additionally, the data collected from this 

investigation could serve as the beginning of refined, population-specific reference 

groups in FORDISC (Ousley et al., 2009). 

 

Hypotheses, goals, and objectives  

It is hypothesized that the Mexican, Migrant, and Colombian samples can be 

statistically distinguished from each other and from other Hispanic groups through 

statistical analyses of craniometric variables. Additionally, any statistically significant 

results will serve as a testament to the need for reference data from different Hispanic 

countries in order to properly identify geographically diverse Hispanic individuals. 

Latin American populations are genetically comprised of an admixture of Native, 

European, and African ancestries; therefore, interpretation is limited by the genetic 

constraints of past colonial activities. The varying genetic proportions that each of these 

ancestral groups contributed could potentially explain differences in modern Hispanic 

variation. However, this potential can only be considered after a comparative 

investigation of different Hispanic populations is conducted. This research will also 

elucidate whether the term “Hispanic” should be abandoned in U.S. forensic casework 

and whether more specific categories should be used in its stead, such as “Euro-, Native-, 

and Afro-Hispanic” or geographically centered categories. Insignificant differences 

between the two samples could imply that the groups are more similar to one another, and 
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within group sub-structure, in relation to the three ancestral groups, should be 

investigated.  

The present study contributes to the development of quantitative methods for 

estimating ancestry of Hispanic individuals. Refining the current methods is only possible 

through multivariate analysis of multiple contemporaneous skeletal samples with 

documented antemortem information. Accurate data is contingent on antemortem 

documentation (i.e., municipal origin, sex, age) of the individuals from each of the 

samples in question; all samples in this study include said records. The investigation will 

also facilitate a greater understanding of human biological variation within Latin 

America. Additionally, it is imperative that anthropological endeavors rectify social and 

biological misrepresentations of any marginalized group, including Hispanics.  

Positive results will support the hypothesis that the three Hispanic samples exhibit 

significant craniometric differences. Insignificant results could suggest that the groups 

are more similar to one another and within group sub-structure should be investigated. 

Research on regional craniofacial variation in Hispanic countries has supported the 

conclusions that intra-population variation provides a wealth of knowledge on how 

groups differ from each other (Humphries et al., 2015). Ultimately, the study is uniquely 

designed to provide data on human skeletal variation in Latin America and address what 

the next step(s) should be to rectify the gap in population-specific standards for Hispanic 

individuals. 
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Chapter II: BACKGROUND 

 

Methods in estimating ancestry 

 

Part of the challenge faced with creating the biological profile is the assessment of 

ancestry. Ultimately, the goal is to provide a phenotypic approximation of what the 

individual may have looked like in life and/or self-identified as. It is an essential but 

oftentimes difficult component of the biological profile. Forensic anthropologists face a 

great deal of controversy over the largely implemented three-group population affinity 

model—African, European, and Native American/Asian. Much of this concern is 

rightfully placed, as this model has historically deployed a typological approach when 

classifying human remains (Armelagos and Van Gerven 2003; Bass 1005; Gill 1998; 

Rhine 1990). Within studies of ancestry, investigators often assume that the comparative 

analyses between groups will yield statistically significantly results. Oftentimes the 

approaches used could potentially imply that racial types can accurately describe human 

biological variation among populations (Caspari 2003). However, biological and forensic 

anthropologists vehemently deny the race concept and the application of racial types and 

instead study populations. When carefully approached, research on ancestry estimations 

have the potential to provide new insights on populations and subsequent trait 

frequencies. Forensically, this realm of investigation can be implemented to better 

understand human biological variation and improve identification of decedents.  
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Nonmetric approaches 

Several methods of ancestry estimation exist, but the two most predominantly 

used are craniometric (i.e., macromorphometric) and nonmetric (i.e., 

macromorphoscopic). Traditionally, macromorphoscopic approaches, or preferably 

nonmetric, rely on visual observation of trait expressions, which are then scored and 

categorized and commonly used in a trait list approach (Bass 1995; DiGangi and Hefner 

2013; Gill 1998; Rhine 1990). This application was standardized as a method for ancestry 

estimation (then, race) in forensic anthropology with Gill and Rhine’s (1990) text, 

Skeletal Attribution of Race: Methods in Forensic Anthropology. In this volume Rhine 

(1990) analyzed European, African, Hispanic, and Asian-derived individuals in order to 

develop a list of nonmetric traits—largely adapted from Earnest Hooton’s list—for each 

racial type and associated cranial diagrams (American Caucasoid, Southwestern 

Mongoloid, and American Black). Rhine argues that the distribution of these traits 

correlates with race, making them of great utility when approaching fragmentary remains 

where metric analyses is not possible.  

This nonmetric approach is less objective than craniometric methods because 

studies on nonmetric trait expression demonstrate that the range of variation within 

groups is far too expansive to be standardized without a comprehensive analysis of 

variation in these populations (Hefner 2009; Monsalve and Hefner 2016). Recent studies 

(Hefner 2009; Hefner 2012; Hefner and Ousley 2014) suggest that subjective nature of 

trait list approaches without being statistically grounded cannot be used in forensic 
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science. This contention is especially relevant when considering the Daubert ruling 

which mandates that any methods used in the court-of-law be subject to peer review, 

have statistically-derived error rates, and be generally accepted in the scientific 

community (U.S. Supreme Court 1993).  

New studies are beginning to create nonmetric standardizations within statistical 

frameworks (Edgar 2005; Klales et al. 2015; Tallman 2016). Hefner et al. (2014) 

investigated the efficacy and potential of macromorphoscopic methods in forensic 

investigation by using support vector machines (SVM) and other statistical models; their 

approach provides the statistical framework needed to use macromorphoscopic methods 

and shifts emphasis on more objective skills rather than estimations based on subjective 

observer experience. Hefner and Ousley (2014) employ a similar approach utilizing 

artificial neural networks, Optimized Summed Score Attributes, and Support Vector 

Machines, and random forest modeling that yielded at least 85% classification accuracies. 

Nonmetric trait expression is of great interest especially when analyzing fragmented 

remains; however, many pioneering anthropologists developed these methods with the 

bias that racial type was the accurate means of describing human populations. Saur 

(1992) argues that the use of race does not reify the biological race concept but that a 

correlation between skin color (race) and cranial morphology exists. Rhine (1990) 

minimizes the contentious nature of using race by comparing its use with the Humpty 

Dumpty anecdote, “it means just what I want it to mean” (Rhine 1990:18). 
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Metric approaches 

 Craniometric methods require the collection of standardized cranial measurements 

(Buikstra and Ubelaker 1994; Langley et al. 2016). Fordisc (3.1) is a computer program 

that is commonly used to derive ancestry estimations by inputting cranial measurements 

and running discriminant function analyses (DFA) to classify an unknown individual to 

one of 13 reference groups (Ousley and Jantz 2012). The method additionally poses two 

exclusive challenges with regards to Hispanic populations. The first is that the program 

disregards the diverse and unique ethnohistories of Latin American countries by 

collapsing a large multi-regional demographic into an arbitrary, catch-all category—

“Hispanic”. The term identifies individuals based on spoken language (Spanish) and has 

no biological relevance, therefore rendering the ancestry estimation for Hispanics 

problematic. And second, a single reference group is used to classify Hispanic decedents 

in Fordisc. In order to address the second challenge, categories such as “Hispanic” must 

be redefined with updated reference groups that are regionally specific. While this 

solution does not solve the greater typological implications presented by craniometric 

ancestry estimation, it does, however, address the immediate issue of potentially 

misidentifying Hispanic decedents (Spradley et al., 2008).  

Another limitation of Fordisc is that even if the unknown individual is not 

represented by one of the groups, it will still be classified into a group according to the 

best fit. In that respect, the program can never be wrong, because it will classify the 

individual into the group it is most similar to (Ousley and Jantz, 2012). Some of the 
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problems with Fordisc can be addressed by adding updated reference data and so that it 

includes groups from multiple Hispanic countries. This could ameliorate and improve 

forensic identification of decedents who would have self-identified as Hispanic in life. 

While certain regions in Latin America possess a shared history of colonization, the gap 

in data haphazardly assumes that the Hispanic demographic is a skeletally homogenous 

group.  

 

Hispanic ancestry estimation 

Between July 2013 and 2014, 2.36 million people were added to the U.S. 

population (U.S. Census Bureau, 2015), and individuals of Hispanic origin contributed 

nearly 49% of that increase. As such, the U.S. is witnessing one of the most diverse 

accretions in its history, and with respect to ancestry estimation, the field of forensic 

anthropology has not been able to keep abreast of these shifting demographics. 

In the latest version of Fordisc (3.1), the Hispanic reference group is comprised of 

227 males and 62 females from the Forensic Data Bank (FBD). This group is comprised 

of individuals born in the Southwest U.S., Mexico, and Central America (excluding 

Caribbean America). The reference sample receives a large contribution from 

undocumented border crossers (UBCs) and positively identified individuals submitted by 

practicing forensic anthropologists from around the U.S. The largest issue with using this 

reference group to represent all U.S. Hispanics is that only 30% of the individuals 

accessioned into the group have a known geographic origin (Spradley 2014). The 

majority of the individuals with a known origin are UBCs from Mexico, and the rest are 
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from Central and South America (Anderson 2008). The reference group therefore can 

only be used to classify individuals of Mexican descent; however, even when classifying 

Mexican decedents, at worst, classifications could be completely inaccurate. For 

example, Hispanic populations from Caribbean America possess a strong genetic 

contribution from the African ancestral group (Ross et al., 2004). Despite self-identifying 

as Hispanic, any individuals originating from this region are more likely to classify as 

African. In this scenario, the likelihood of producing a “Hispanic” classification is low 

due to the simple fact that, genetically, there is a limited African component in Mexico 

and thus the reference group would be insufficient to produce an accurate result.  

As outlined in the previous section, craniometric methods are some of the more 

frequently used methods in forensic ancestry estimation. This is because they employ a 

statistically sound procedure that begins with (1) collecting well-defined and commonly 

used cranial measurements (Buikstra and Ubelaker 1994; Langley et al. 2016); (2) 

entering the data into Fordisc 3.1 (Ousley and Jantz 2005); (3) classification into one of 

the thirteen reference groups according to best fit. With respect to Hispanic ancestry 

estimation, the primary issue imposed by this method is that data from a single group 

(Southwest Hispanics) is utilized to represent the entire U.S. Hispanic population (Ousley 

and Jantz 2005). While certain regions in Latin America have a shared colonial history 

(and therefore population history), the untested assumption that all individuals from 

South and Central America, Mexico, and the Caribbean can be represented by one group 

haphazardly limits the predictive power of craniometric methods and leads to 

misclassifications (González-Andrade et al., 2007; Hughes et al., 2013). 
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Therefore, the current approach utilizing Fordisc 3.1 often misclassifies Hispanic 

individuals because the current reference group lacks robust data from a majority of 

Hispanic populations and the “Hispanic” designator does not reflect the “tri-hybrid” 

nature of this unique demographic (Spradley et al., 2008). This method essentially 

collapses multiple populations and genetic histories of numerous demographics into a 

single, arbitrary reference group that is not representative of the Hispanic demographic in 

the U.S. Whenever possible, forensic anthropologists must constantly update and 

revalidate the methods used in the field so that they reflect the population which they are 

being applied to. Continued use of these unrefined methods—namely, having a single 

group represent a genetically diverse Hispanic demographic—is especially problematic 

when employed in areas where recovered remains are likely to be of Hispanic origin. The 

difficulties of Hispanic ancestry estimation are explicitly due to this lack of 

understanding the variation among different Hispanic countries and the absence of 

population-specific methods, which ultimately delays and/or prevents identification of 

these decedents (Anderson 2008; Spradley 2013). 

How it works: geometric morphometrics 

 

Geometric morphometric approaches are a recent advancement that developed 

from a method known as photogrammetry—an antiquated and time consuming approach 

that was preferentially replaced by digitizers (Benfer 1975; Thompson and Popovich 

1974). The procedure for collecting landmark data consists of digitizing x, y, and z 

coordinates from the cranium by placing the sharp tip of the stylus on the landmark and 
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recording the point by pushing a foot pedal (Ousley 2004). A computer program THREE-

SKULL (Ousley 2004), is commonly used to record x, y, and z coordinates from 

traditional craniometrics landmarks (Howells 1973) while simultaneously calculating 

inter-landmark distances (ILDs) for the traditional (i.e., caliper derived) measurements 

and then exporting the raw data onto a separate table. The data collected using this 

technology is referred to as landmark data. The subsequent chapter will include a brief 

review of geometric morphometric methods and its utility in anthropology.  

Bookstein (1991) defined three types of landmarks that exist—type I, II, and III. 

Type I landmarks are the most biologically meaningful, located at discrete juxtapositions 

of tissues such as the intersection of three cranial sutures; examples of this type of 

landmark are dacryon and bregma (Bookstein 1991). Type II landmarks are not as 

biologically reliable, located at points of curvature maxima and associated with local 

structures such as bony processes for muscle attachment; examples of this landmarks are 

ectoconchion and prosthion (Bookstein 1991). Type III landmarks are the least 

biologically relevant, located at extremal points with respect to a specific structure and 

are often instrumentally determined using calipers; an example of this landmark is euryon 

(Bookstein 1991). Williams and Ross (2008) suggest that Type III landmarks should be 

excluded from geometric morphometric analysis because of the substantial inter- and 

intraobserver error associated with them and because Type 1 and Type 2 landmarks have 

been shown to provide more biologically meaningful information (Slice 2005). 

 

Genetic diversity and race in Latin America 
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Due to the Native American, European, and African admixture produced by 

colonial and post-colonial processes in the past and present, Hispanics are often 

considered “tri-hybrid” and, consequently, each Latin American country possess its own 

unique population and genetic history. Unique admixtures of the three ancestral groups 

have left genetic and skeletal signatures on contemporary populations. As a result, these 

populations represent a unique level of genetic admixture and the effect admixture has on 

craniofacial morphology serves as an important line of investigation (Bertoni et al., 2003; 

González Buchard et al., 2005; Wang 2007). Ross et al. (2004) support the genetic 

evidence that the Hispanic demographic is a tri-hybrid population. In South Florida, 

Cubans make up a majority of the Hispanic population. Modern Cuban populations 

possess a strong genetic affinity with the African ancestral group; this is a result of the 

introduction of the slave trade to the New World. The genetic signature left by this 

admixture can be seen in Cubans today. Skeletally, this population is significantly 

disparate from other Hispanic countries such as Colombia, which has a strong genetic 

component contributed by individuals of Asian-derived ancestry. 

The ways in which the tri-hybrid genetic and biological differences manifest in 

the social realm in South America are unique. According to Baraybar and Blackwell 

(2014), the cultural construct of social race in South America has more fluid parameters 

than in its Northern counterpart. In North America, phenotypic traits such as skin color or 

hair type strictly define what race an individual is; people subconsciously classify 

individuals according to their appearance. In countries such as Ecuador or Peru, race can 

be socio-economically determined and can shift throughout life the way economic status 
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can shift. This is an added determinant of race and ultimately the relationship between 

race and self-identity is much more flexible and complex. 
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Chapter III: LITERATURE REVIEW 

 

Historical trajectory of physical anthropology 

 

Typological separation of humanity long predates the inception of physical 

anthropology and the consequences that early anthropological research had on the social 

world have been etched into human history; however, the practice of othering became 

synonymous with physical anthropology (Relethford 2010). European scientists, namely 

Carl Linnaeus, solidified the obsessive practice of hierarchically separating human 

populations into four groups (Homo sapiens europeus, americanus, asiaticus, and 

africanus) when he published taxonomic classifications of the natural world as seen in 

the eyes of God (Bowler 1989). In 1775 Johann Friedrich Blumenbach published his 

magnum opus, De Generis Humani Varietate Nativa—this work expanded human 

classification into five groups utilizing the skull to establish the differences. 

The following century, Samuel George Morton—cited as the father of American 

physical anthropology—published his work, Crania Americana, following the categorical 

pattern established by his predecessors, which greatly influenced one of physical 

anthropology’s most notable scientists Ales Hrdlička (Morton 1839). Including Hrdlička, 

the field recognizes two other key figures—Franz Boas, and Earnest Hooton—as 

forefathers of physical anthropology. They made instrumental contributions to the field 

(some harmful, some contradictory) and individually they each contributed to formalizing 

the discipline as one independent from anatomical sciences (Caspari 2009).  
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Typological studies documenting racial types in physical anthropology began in 

1918—a time when the field was a fledgling discipline. Ales Hrdlička, a Czech 

anthropologist, introduced European principles of racial categorizations into American 

physical anthropology when he founded the American Journal of Physical Anthropology 

(AJPA) and the American Association of Physical Anthropology (AAPA) (Ortner 2010). 

In the inaugural issue of the AJPA, Hrdlička contributed a paper with the objective of 

delineating the goals, aims, and objectives of the developing field where he established 

the idea that typological race was the appropriate way in which to describe human 

variation (Hrdlička 1918). Because the discipline was fairly new at the time, much of his 

efforts were largely driven by his desire to establish physical anthropology as an applied 

science, independent of medicine and anatomy; he sought to publish as many topics 

possible to firmly ground physical anthropology (Caspari 2009). There was an obsession 

in typological studies at the time of publication in effort to document how “the normal 

white man” compared to other races—ultimately such investigations were only a means 

to further separate groups and emphasize a hierarchal organization of races (Hrdlička, 

1918). 

According to Ortner (2010), during his presidency of the AAPA, few articles on 

racial studies were published under Hrdlička. While he was not opposed to accepting 

typological research, his reluctance to publish them was because “he was relatively 

unimpressed with the research…that did not meet his high standard of scientific rigor and 

excellence” (Ortner 2010:103). Most of the studies lacked sound approaches and 

interpretations, which he ardently sought to induct into the field. 
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Earnest Hooton, a somewhat contradictory academic, is credited with producing a 

substantial number of PhD students at Harvard University; many of whom later went on 

to “[seed] a large number of institutions with their first physical anthropologists” (Giles 

2010:144). His perspectives on race were closely aligned to those of Hrdlička and he was 

largely influenced by his research at the State Penitentiary at Wapun where he 

unsuccessfully sought a biological correlation between physical traits and the nature of 

the crimes committed by the inmates (Giles 2010). However, in a study comparing 

“eskimoid characteristics”, Hooton came to the conclusion that skeletal traits in question 

could not be encompassed or described by stagnant racial types because they were shared 

by two different groups (Hooton 1918). Despite being a proponent of the belief that racial 

types were stable essences, Hooton cast his support to Franz Boas during the initiatives 

Boas took against racism and anti-semitism that stemmed from Nazi Germany (Hooton 

1936). Ironically, the statement Hooton prepared (Hooton 1936) denouncing racism was 

rejected by some of Boas’ key supporters (Raymond Pearl and T. Wingate Todd) and 

accepted by Ales Hrdlička, whose own belief largely countered Boas. Nonetheless, 

physical anthropology is indebted to Earnest Hooton for training a generation of physical 

anthropologists who would later redefine the field into its current state.  

Perhaps the most central figure of the three forefathers is Franz Boas, the father of 

four-field anthropology. From the beginning, Boas held a progressive stance against 

racism and influentially posited the idea that culture is not determined by biology in his 

publication The Mind of Primitive Man (Little 2010). He was at the forefront of the fight 

against racial formalism. His work on cranial form, The Cephalic Index, attacked the 
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most widely used tool in physical anthropology by concluding that, "while the cephalic 

index is a convenient practical expression of the form of the head, it does not express any 

important anatomic relation" (Boas 1899: 449).  

As a cultural anthropologist, Franz Boas vigorously propagated a principle known 

as cultural relativism—the basic understand that various human populations should be 

relatively understood, analyzed, and explored within the contexts of their own 

sociocultural unit (Boas 1966). What seems obvious today, had then provided 

anthropologists in all four disciplines the platform to inquire upon the concept of culture 

as a phenomenon independent of biology. With this ability to understand human society, 

Boas was able to adopt the same theoretical approach upon entering the realm of physical 

anthropology in the U.S. As a cultural anthropologist, Boas understood that social 

environment was a key component necessary to the study of culture and therefore 

logically hypothesized in his famous migration study that the environment should also 

contribute substantially to human biological variation (Boas 1912).  

Through an invitation by G. Stanley Hall, he obtained his position at Clark 

University, wherein Hall influenced Boas’ interest in human growth, thus prompting his 

investigation into Worchester schoolchildren; the results of this study suggest that 

variation in growth rates was highly variable and provided insights on human plasticity 

(Boas 1897). Arguably, his most famous study—in which he measured Eastern and 

Southern European immigrants—provided the scientific community with evidence that 

the environment plays a profound role in producing the observable differences seen in 

human populations (Little 2010). In the study, he took head and stature dimensions of 
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European immigrants and their children and found differences in the cephalic index 

between parent and offspring (Boas 1912). The idea that racial types were fixed entities 

prevailed on the assumption that cephalic indices were stable and inherited based on 

racial type, which in actuality was not supported by the migration data.  

Within the European racial type, his results proved: (1) the cephalic index is 

highly variable; (2) the environment heavily influences biology; and (3) that 

typologically defined races (and subsequent craniometrics indices) are inadequate when 

describing human groups. According to Little (2010), controversy exists on the validity 

of Boas’ analyses; however, the results of his study still highlight the inadequacy of using 

measurements to define concrete human types. Though Boas was ahead of his time, he 

did not explicitly define the concept of populations; but instead he provided the 

framework that would later define the study of populations and their unique evolutionary 

histories, otherwise known as biological anthropology (Allen 1989). As a four-field 

anthropologist Boas sought to understand humanity by adopting a culturally relativistic 

approach and statistically sound methodology that did not marginalize, objectify, or 

“other” groups of people based on these differences. Despite receiving criticism, he 

would continue to argue against his contemporaries and their theories of racial distinction 

between humans that until his death (Little 2010). 

According to Marks (2010), at the turn of the 20th century, the prevailing notion 

on human races was that Western (and European-derived populations) civilization is 

superior to societies or communities of color. Scientific data was misconstrued in a way 

that fatalistically sought to prove that some groups were naturally inferior to others. Since 
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its formal inception in 1918, early physical anthropology highlights the idea of 

typologically defined races as determined by biologically heritable and static traits. The 

two prevailing views on race—that it typifies human groups and that it does not—were 

published in the inaugural issue of the American Journal of Physical Anthropology (Boas 

1918; Hrdlička 1918). What is most is confounding is that the results from Hooton and 

Boas’ work did not support the stability of racial types. Hrdlička, the editor of the AJPA 

and inaugural president of the AAPA, knew these papers contradicted his own stance on 

race but despite this he published both. Caspari (2009) reconciles the disconnect by 

suggesting that “it is a hallmark of essentialism that [empirical] refutation of stereotypes, 

and other assumptions does not easily dispel them.” In other words, Hrdlička was aware 

of what the data suggested but chose to steer the discipline in a typological direction 

likely for the sake of establishing the field’s credibility (Ortner 2010).  

These decisions that Hrdlička made would had severe implications for two 

historical events—the Holocaust and the Civil Rights movement—as many eugenicists 

drew from the racially situated physical anthropology. At the time, physical anthropology 

had become the dominant voice for describing scientific realities of human differences 

(Marks 2010). However, the discipline was not well equipped to inform the public on 

biological variation because scholars only had a slight grasp on why observable human 

differences existed (Relethford 2010). Framing this within the impending World Wars, 

this gap in knowledge came at a great cost. Eugenics and racial studies were providing 

scientific justification for the superiority and inferiority of certain types of people, 

namely African-derived populations. What began as a descriptive, albeit racist, study of 
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humans eventually served as the basis for totalitarian policy in Germany and later the 

Holocaust—a systematic decimation of persons deemed inferior to the Aryan race (Little 

and Kennedy 2010).  

When considering physical anthropology within the context of the civil rights 

movement, it is clear that the discipline was at odds with goals of non-segregationists. 

Physical anthropologist Carleton Putnam published Race and Reason, a racially charged 

attempt to combat civil rights initiatives such as integration (Putnam 1962). Despite 

having his work censored at the 1961 American Anthropological Association (AAA) 

meeting, Putnam would eventually collaborate with Carleton Coon, former president of 

the AAPA. Under Coon’s presidency, a pamphlet written by Wesley Critz George—The 

Biology of the Race Problem—would be widely distributed in the South and essentially 

provide, yet again, a pseudo-scientific justification that African Americans were 

mentally, academically, and biologically inferior (Marks 2010). False dissemination of 

this pseudo-science would, again, have fatal consequences for those who endured the 

long social strife for civil equality. Considering these major historical events and their 

consequences, physical anthropology can never sufficiently counteract the fatalistic 

outcomes that past studies have had.  

It should be noted that this review of the past is not written to imply that the 

discipline is solely responsible for these historical atrocities, as there are multiple socio-

political intersections, but rather suggest that anthropologists remain constantly aware of 

the contentious history the field has had and more importantly, understand that racial 

types are an inaccurate way of describing human variation; arguably, the academic 
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forefathers knew this. Through active consideration of the past, resolutions countering 

race within the discipline and in the public eye came to fruition but not without a grasp 

on the history of the field. In 1996, the AAPA passed resolutions denouncing the race 

concept while assuming positions emphasizing the study of populations, not races, to 

explain human variation (AAPA 1996). This type of awareness is key to combatting 

remnants of typological theory.  

Ultimately, the objectives of the field—whether explicitly or implicitly stated—

was a descriptive one used to reinforce the racial superiority of “the normal white man”; 

the discipline had a misguided obsession with empirical measurements such as the 

cephalic index that was correlated with cultural characteristics such as intelligence, which 

were thought to be inherited (Hrdlička, 1918). However, today, all four disciplines within 

anthropology uphold a progressive stance against racial formalism and biological 

anthropologists slowly shift towards analytically study human populations within their 

own bio-evolutionary context (Stojanowski and Buikstra 2005). The objective of 

anthropological investigation should always be to understand human populations within 

their own cultural, evolutionary, and environmental contexts.  

With the ushering in of “New Physical Anthropology” by Sherwood Washburn, 

scholars vigorously but slowly began to reject the typological race concept and started to 

think about populations as the unit of study, not races (Washburn 1951). From the 

beginning of physical anthropology, important figures in physical anthropology (i.e., 

Franz Boas) were aware that racial types were an inadequate means of describing 

observable human variation (Little 2010). For the purposes of this investigation, the word 
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"biological" will hitherto replace "physical" when referring to the modern discipline 

because the former not only highlights the importance of understanding evolution when 

studying human variation, but also because it emphasizes the focus on populations and its 

relationship with culture, the environment, and biology.  

It is constantly reiterated that scientists are products of their time and that we, 

therefore, must take additional measures of contextual depth in understanding their 

research by explaining their sociopolitical surroundings (DiGangi & Moore 2013). While 

this certainly holds true during the birth of scientific inquiry, the theories and 

methodologies of early physical anthropologists gave rise to scientific racism and 

continues to have severe consequences in the 21st century.  
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Geometric morphometrics in biological and forensic anthropology 

 

A fairly recent development within the field of biological anthropology is the use 

of Cartesian coordinates to derive three-dimensional data from anatomical points, i.e. 

geometric morphometry (Rohlf and Marcus 1993). Formally, the first investigation to 

utilize this data type was conducted by Benfer (1975), who noted the particularly useful 

information that coordinate data provided in contrast to traditional caliper-derived 

measurements. He recognized that “any set of three dimensional coordinates of 

anatomical points contains all of the information developed by distances, radii obtained 

by coordinate calipers, and angle between landmarks” (Benfer 1975:371). Scholars 

preceding him noted the utility that 3D data offered but this study presented the first test 

on the reliability of geometric morphometric data. However, at this point in time analysts 

were limited by the inherent error using calipers and lacked the technological 

advancement offered by digitizers. Over time, morphometric research would gain traction 

in biological distance analyses (McKeown 2000) and more recently forensic 

anthropology (Spradley and Jantz 2016).  

The first forensic anthropological application using geometric morphometric 

variation in Hispanic populations was conducted by Ross et al. (2004). They analyzed 

cranio-facial morphology in 19th century Cuban, 17th century Spanish, precontact Cuban, 

and African-derived samples in effort to demonstrate the relatedness of different groups 

that would be considered Hispanic. They found that Cuban and African-derived samples 
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show more similar morphological patterning, concluding that modern Cuban populations 

in South Florida are less likely to have indigenous biological affinity.  

A study on cranial variation in archaeological populations from Mexico by 

Humphries et al. (2015) further demonstrates the utility of geometric morphometry 

within the scope of ancestry estimation. The authors utilized six different skeletal 

samples from Mexico, Spain, and the U.S. to demonstrate that the genetic contributions 

of past populations vary skeletally by geographic region. Four Mexican samples—

Chihuahua, Merida, Chichen Itza, and Michoacán—(representing geographically distinct 

locations), a Spanish sample, and an African-derived sample (Terry Blacks) were 

selected for the study. The X, Y, and Z coordinates were collected from 16 craniometric 

landmarks using a digitizer. Two multivariate statistical tests useful for analyzing this 

data type were run in order to assess biological distance—a principal component analysis 

and a discriminant function analysis. Their results support the notion that there is 

substantial European and indigenous genetic component present in post-contact Mexican 

populations along the coast and inland regions. All the Mexican samples demonstrated 

shared morphological features with the Spanish sample, confirming historical records that 

most of the genetic influence is being contributed by Spanish Europeans. This paper is 

framed within the scope of deconstructing the problematic nature of the term Hispanic; 

the authors explore human biological variation to demonstrate the substantial skeletal 

heterogeneity visible in past populations thereby underscoring the utility that geometric 

morphometric data contributes when considering the refined standards necessary in 

forensic anthropology.  
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Research on ethnohistoric and biological variation present within Latin American 

populations considered Hispanic is paramount to accurate identification of individuals 

from these geographic regions. The authors express great concern over the use of the 

term “Hispanic” as it is an ethnic and linguistic categorizer. Lumping the entire U.S. 

population within this expansive umbrella term is a gross oversimplification of human 

biological variation, confirmed by their analysis of Mexican populations. 

The U.S. Department of Justice funded a large-scale data collection project 

(Spradley 2013) that provided updated reference data from contemporary Hispanic 

populations; these data generated new classification functions that forensic anthropologist 

can apply in sex, ancestry, and stature estimation. Spradley (2013) incorporates data from 

individuals with antemortem information.  

According to Spradley (2014), a finer degree of classification is possible using 

geometric morphometric-derived information when approaching ancestry estimation of 

Hispanic individuals. Shape-related variation has been shown to provide useful data that 

traditional linear measurements do not offer; more specifically, morphological 

visualization is the greatest benefit offered. Her sample includes contemporary Mexicans, 

Guatemalans, and UBC migrants from Texas and Arizona; using the software program 

MorphoJ the author generated 3D visualizations (i.e. wireframe graphs) using the 

Cartesian coordinates collected from each of the craniometrics landmarks. The UBCs 

from Arizona are predominantly of Mexican origin while the UBCs from Texas are from 

countries other than Mexico (Anderson 2008). Her results are consistent with UBC data 

that the Mexican sample and UBC Arizona sample overlap. This demonstrates that 
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Hispanic individuals can more precisely be identified according to their country of origin; 

this is only possible by using geometric morphometric derived variables and population-

specific samples. 

Since its inception, geometric morphometry has been slow to gain speed but in 

recent years, the approach has become increasingly popular within anthropology. The 

method involves the collection of X, Y, and Z coordinates from traditional craniometrics 

landmarks followed by analysis that hones in on shape-related variables independent of 

size. This offers insight that traditional linear measurements cannot. Additionally, several 

programs such as MorphoJ (Klingenberg 2011) and Morphologika (O’Higgins and Jones 

1998) have been written specifically to analyze large datasets. 

 

The Hispanic dilemma 

The U.S. Census Bureau (2015) estimates that Mexicans compose 63.9% of the 

Hispanic population, and the remaining 36.1% is comprised of individuals from South, 

Central, and Caribbean America. Currently, no published comparative studies exist that 

examine populations in South America, and how subsequent variation compares to other 

Hispanic populations. The need for future research on South American and Mexican 

populations is instrumental to the proper identification of Hispanics that originate from 

distinct geographic regions, such as Colombia and Mexico. Without refining and 

validating the current methods of ancestry estimation, Spradley et al. (2008) suggests that 

severe consequences will persist, such as misidentifications of Hispanic decedents that 

result from either homicide, border crossing, natural disasters, and armed conflict. This is 



 

30 

especially significant in metropolitan cities in the U.S. that possess diverse Latin 

American communities such as Los Angeles, New York, and Miami (Motel and Patten 

2012).  

As the fastest growing population continues to increase, forensic anthropology 

should always accommodate the needs of this diverse group as issues identifying the 

deceased along the U.S./Mexico border become more pressing. Dr. Kate Spradley has 

spearheaded and conducted ongoing, pioneering research toward rectifying the large gap 

in reference data for Hispanic individuals. Her investigations are tailored to creating 

population-specific standards for sex, stature, and ancestry estimations in Mexican 

individuals (Spradley et al. 2008; Spradley 2013; 2014). Much of her research directly 

addresses the issues confronted by forensic anthropologists working with Hispanic 

remains—creating a biological profile using methods developed from samples that are 

not of Hispanic origin. According to Spradley et al. (2008), the Hispanic demographic 

remains uniquely problematic with respect to ancestry estimation techniques since the 

term spans many Latin American populations. In their investigation, they demonstrate 

that there is an evident disparity of population-specific data by testing various biological 

profile methods (sex, ancestry, and stature) on casework gathered from the Pima County 

Office of the Chief Medical Examiner. The authors found that the criteria (developed 

from the American White population) provides low classification accuracies for ancestry 

and sex and underestimations for stature. This line of research is of special interest when 

considering the migratory crisis occurring along the U.S./Mexico border. People seeking 

asylum in this country are crossing and many succumb to the extreme climate and die; 
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decedents are often found in advanced stages of decomposition and require forensic 

anthropological examination.  

Anderson (2008) seeks to not only raise awareness for the crisis occurring along 

the border but highlights the importance of obtaining positive or circumstantial 

identification of those who are dying while crossing the Mexican-American border. 

Between 2001 and 2006, only 73% were positively identified as UBCs and the rest 

remain unidentified and buried in nameless graves. This is due to disparities in accurate 

biological profile methods combined with a lack of contextual evidence found with 

remains, making identifications difficult, if not impossible (Spradley et al. 2008). 

Medico-legal investigators are challenged with assessing the identity of these individuals 

but there seems to be inherent problems—population-specific methods for biological 

profiles are highly underdeveloped for Hispanic populations (Spradley 2013) and by 

using the traditional nonmetric and metric methods built from European-derived samples 

decedents are misclassified and remain without identity.  

When identifying UBCs, ancestry is normally presumed to be either Mexican or 

Guatemalan; oftentimes these assessments are based on positive identification by next of 

kin using material culture and clothing, but when this evidence is absent a myriad of 

geographic origins could be represented by the unknown individuals (Anderson 2008). 

Many will remain unidentified and be buried without developing finer-grained 

approaches beyond the “Hispanic” classification. Considering that the border is a known 

entry point for all of Mexico, Central, and South America forensic estimations of 

ancestry would fail to appropriately assign the unknowns to their geographic origin due 
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to the poor quality of reference data. Anderson (2008)’s study on UBC's serves as an 

example where population specific methods could be put into practice to potentially 

identify the staggering 37% of unknowns. 

 As per Birkby et al. (2008), forensic anthropologists often use a combination of 

morphoscopic traits from the European and Native American list to identify Southwest 

Hispanics. The authors suggest that because Hispanics possess extensive genetic 

admixture between the European, African, and Asian ancestral groups, namely European 

and Asian, the visual traits used to classify a Hispanic decedent are a combination of the 

Caucasoid and Mongoloid trait list provided by Rhine (1990). Essentially, the authors 

collapse the two lists together and provide traits such as shoveled anterior dentition, 

anterior malar projection, and “less elaborate nasal sill” (Birkby et al. 2008:31). A simple 

combination of traits from the European and Native group to create the list for Hispanics 

is not a statistically based method and the scoring of these traits is often subjective. The 

nonmetric methods used to classify UBCs have had no universal statistical 

standardization and research on how traits are distributed among modern Mexican 

populations do not exist. There is much reliance on experience to identify these 

individuals. While there is utility in nonmetric analyses there must be a standardization of 

these methods before they can be applied. This can only come to fruition with an in-

depth, comparative analysis of these trait frequencies among and within modern Hispanic 

populations. Without this line of support, the method is rendered obsolete for concrete 

identifications. The high rates of identification can be explained by the likelihood that 
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UBCs being found along the border are Mexican nationals, and that is not sufficient to 

support the use of a collapsed trait list.  

A test of the efficacy of the Birkby et al. (2008) trait list, in combination with 

morphological traits described by Hefner (2009) and Rhine (1990), was conducted by 

Hurst (2012). The author acknowledges the need to better understand Hispanic 

populations, especially those crossing the border, and seeks to ameliorate the problem. 

She ran a DFA to isolate which of the Birky et al. (2008), Hefner (2009), and Rhine 

(1990) nonmetric traits performed the best in classifying individuals. Hurst (2012) notes 

that DFA performs more accurately on continuous variables and not categorical data 

offered by nonmetric approaches. The study yielded high cross-validation results and 

high inter-observer agreement with six of the eight Birkby traits producing an 82.1% 

classification accuracy. This implies that there is promise for using these traits; however, 

a combined trait list is substantially less objective than craniometric approaches. Overall, 

with respect to Hispanic ancestry research, endeavors should be geared towards finding 

samples that represent modern populations so as to generate population-specific 

approaches. Additionally, the terminology used by forensic anthropologists should also 

be modified and define individuals by country of origin since the “Hispanic” designator 

lacks biological meaning. Researching population differences holds much promise within 

forensic investigations, especially when confronted with UBC remains. Updated 

approaches could potentially address decedents that remain unidentified.  

 

Contemporary perspectives on human variation  
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Today, biological anthropologists reject the use of race as an effective means of 

describing human biological variation. For physical anthropologists, the human skeletal 

system was the primary unit of study and the skull was utilized as a proxy for brain size 

investigations; however, these studies incorporated heavily racist biases on hierarchical 

organization and lacked testable evolutionary hypotheses. Despite physical 

anthropology’s contentious history, the field has made crucial strides dismantling 

typological race as a meaningful way of understanding the living world; symposia 

discussing how social race pervades science is a constant dialogue anthropologists should 

be having (Edgar and Hunley 2009). Physical anthropology experienced its greatest 

paradigmatic shift in theory in the mid-twentieth century, which saw to the incorporation 

of functional anatomy, genetics, and behavioral biology into research on human evolution 

(Stini 2010).  

In the 1950s, the “New Physical Anthropology” movement prompted the 

dismissal of pseudoscientific human categories and ushered in a field-wide introspection 

on how to move forward when describing groups of living people (Washburn, 1951). 

During this time, scholars advocated for non-typological approaches when studying 

human populations and to instead focus on understanding anatomical morphology in 

relation to form. This movement gained foothold in 1951 when Washburn organized the 

Cold Spring Harbor Symposium where he launched “New Physical Anthropology” into 

the discipline and presented his own research on primate evolution; attendees of this 

symposium included prominent figures such as Ashley Montagu, Earnest Hooton, and 
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W.W. Howells (Shini 2010). He succinctly delineated the objectives of “New Physical 

Anthropology” as a field that would (1) study primate evolution and human biological 

variation, (2) incorporate population genetics, (3) establish populations as the unit of 

study and not static races, and (4) focus on adaptive form as it relates to function 

(Washburn 1951). 

The introspection that physical anthropology experienced marked the beginning 

of a population-centered approach. Washburn and Frank Livingstone both posited new 

and unique ideas for describing human variation—the former identified populations as 

the unit of study and the latter argued “there are no races, only clines” (Livingston 

1962:279). Armelagos and Van Gerven (2003) offer an anxious opinion questioning 

some of the progress made in physical anthropology by asking if the discipline has 

actually shifted from pure description to one built from sound experimental design and a 

focus on evolutionary processes. They suggest that (1) studies subsequently applied the 

same typological methods that were used to delineate races but under the guise of 

studying populations. and (2) the high classification accuracies claimed by forensic 

anthropologists is a severe extrapolation of date (Giles and Elliot 1962).  

Caspari (2003) echoes the same sentiment and believes that the study of 

populations was conceptualized in the same way as races—as stable, closed systems that 

resulted from isolation from other populations. Her concern is that aspects of essentialism 

and biological determinism continue to exist. In a review of ancestry estimation 

approaches in forensic anthropology, DiGangi and Hefner (2013) explicitly state that race 

and ancestry are used interchangeably. However, they delineate the notion that 
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populations possess their own biological differences in a way that cannot be encompassed 

by simplistic race categories. Additionally, human population variation cannot be 

delimited by discriminant functions nor statistical software programs (Armelagos Van 

Gerven 2003; Caspari 2003; Ousley and Jantz 2005).  

Human populations possess unique ethnohistories and exploring biological 

variation can provide a wealth of information. Yet, there is a fine line between 

understanding variation between populations within the scope of evolutionary biology, 

and Washburn (1951) understood this. In expressing concern over remnants of typology, 

Armelagos and Van Gerven (2003) argue that 21st century anthropology is retrogressing 

back to using types to describe human variation. Previously nonmetric approaches for 

ancestry estimation were presented as trait lists and frequencies (Hefner 2009; Hefner 

2011), projecting the idea that human groups can be partitioned on the basis of said traits. 

Many studies and statistical analyses applied to population research is designed to 

discriminate and distinguish groups from each other without mentioning the fact that 

samples may split and clump in a somewhat subject manner (Relethford 2009).  

Perhaps conceptual framework of the race concept persists because studies 

continue to examine morphological variation under the assumption that groups can and 

will be separated (Ross 2004; Spradley 2014), which is certainly the case for forensic 

anthropological studies on ancestry. Oftentimes the objective of this line of investigation 

is to collect data in order to first separate groups via complex statistics and then isolate 

which traits are responsible for these differences. Bioarchaeological investigations of 

distance also apply this same conceptual mode of thought when studying the past.  
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Biological profile: ancestry 

 

In the field of forensic anthropology, research in human osteology has provided 

statistically sustained models to provide decedent identification. These methods of 

constructing the biological profile are legally required—as per the Daubert decision—to 

have a general acceptance in the scientific community, possess known error rates, and be 

subject to peer review (United States Supreme Court. 1993). The creation of the profile 

relies heavily on idiosyncratic differences of the human skeleton, which ultimately 

provide clues when identifying a set of skeletal remains (DiGangi and Moore 2013). 

Each component of the biological profile provides necessary information when 

attempting to identify a set of remains, but perhaps the most problematic aspect of the 

biological profile is the assessment of ancestry (Sauer, 1992). Craniometric methods have 

shown immense potential and have produced favorable results time and time again and it 

would be reckless to suggest otherwise (Sauer 1992).  

The first discriminant functions for estimating ancestry (then race) were generated 

by Giles and Elliot (1963). The technique they developed arguably relies on the 

assumption that human biological variation can be partitioned using cranial 

measurements to effectively categorize human crania into three groups: “White”, 

“Negro”, and “Indian”. To the layperson this might not hold much significance but to the 

anthropological community, this was empirical proof that human biological variation can 
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be quantified using craniometric variables. One of the most unique aspects of this paper 

was the implementation of powerful statistical procedures, discriminant function analysis. 

Since then approaches have been refined with the computer program Fordisc 3.1 (Ousley 

and Jantz 2005). 

Historically, research in this line of work has been promising. Snow et al. (1979) 

attempted a separate validation of the discriminant functions provided by Giles and Elliot 

(1962) in 52 forensic cases. He produced an accuracy rate of 83% for European and 

African-derived samples. In a validation study of those same functions, he concluded that 

“crania used by Giles and Elliot in developing their functions do not adequately represent 

the U.S.-wide category of Indian” (Snow et al. 1979:10); these results are similar to 

Birkby’s (1966) study that tests the efficacy of discriminant function analyses. 

Birky (1966) re-evaluated the discriminant functions provided by Giles and Elliot 

(1962) on 104 American Indian crania. Overall, both the deformed and non-deformed 

crania that were misclassified as either “American White” or “American Negro” in 35% 

and 60% of the cases, respectively. The study was one of the earliest attempts in the 

literature to highlight the necessity of population-specific standards and validation, as a 

single sample should never be used as the sole representative of an entire population. 

Birkby suggested that the references samples used to create discriminant functions need 

to “be representative of the universe i.e. inclusive of all [human populations]” (1966:26). 

This point was highlighted in the concluding statement as he remarks on the importance 

of geographic provenience in the ancestry estimation procedure. The group in question, 
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American Indians, represents a continental ancestral group world and therefore cannot 

skeletally represent all American Indian populations in the U.S. The sample was ideal in 

this validation study because the Asian-derived populations span many different regions 

across the Americas. This was an early evaluation of why populations should not be 

confined to a single standard and should be examined across the various regions in which 

they exist, given that adequate sample sizes exist.  

Snow (1979) emphasizes the urgency with which unknown decedents need to be 

identified as forensic anthropologists are servants to the legal community and are given 

the task of providing ancestry estimation to a set of skeletal remains in a timely manner. 

To do so, examining human osteological variation within a categorical framework is 

necessary granted that methods are population-specific (Spradley et al. 2008). As a 

forensic anthropologist involved in human rights investigations, Snow recognized the 

utility of metric ancestry estimation methods and continuously sought to implement 

adequate procedures (Kennedy 2010).  

Today, metric ancestry estimation has become integrated into more advanced 

computer systems. Fordisc (3.1) is a computer program that is predominantly used to 

derive ancestry estimation (Ousley and Jantz 2005). The program requires the collection 

of cranial measurements followed by a powerful statistical procedure––discriminant 

function analysis (DFA)—to classify an unknown decedent into one of 13 reference 

groups (Langley et al. 2016; Ousley and Jantz 2012). The incorporation of more nuanced 

and powerful statistics applied to ancestry estimation methods are specifically designed 

to discriminate and distinguish groups from each other so that classifications can be 
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produced with higher accuracy rates. However, valid concerns challenging the 

application of the method exist. 

Smay and Armelagos (2000), when challenging forensic anthropology, 

contentiously suggest that ancestry is not required for human identification. Yet this 

haphazardly drawn conclusion completely ignores the reality that people use race as a 

means of self-identification. Anthropologists acknowledge that race is a culturally 

constructed facet of the modern world that inadequately describes human populations 

(Edgar and Hunley 2009). It would be unrealistic to think that a different system of social 

classification will be redesigned for the purposes of scientific correctness. 

Instead of perpetuating a misguided notion that race is the universal manner of 

describing human populations, ancestry research (when conducted conscientiously) has 

the capacity to dismantle the vicious cycle. Nonetheless the potential of this type of 

research is recognized because ultimately results contradict the subtly racist perspectives 

of those who attempt to misconstrue skeletal differences (Relethford, 2009). 

Conclusions on ancestry research 

A forensic anthropologist is tasked with providing an estimate of geographic 

ancestry and not—even if a concordance between social race and ancestry exists—race. 

As professional civil servants burdened with certain constraints, such as the 

unintentionally vindicating typological race and hasty identification, they provide a 

necessary service that must be performed. Ancestry estimation plays an important role 

within the discourse of racial organization and in the successful identification unknown 

decedents. The inception of the physical anthropology, a once starkly racist discipline 
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supplanted the notion that humans could be divided using biological traits (Hrdlicka 

1918). Throughout the 20th century, the modernizing views on race challenged the stance 

that physical anthropology once held and this can be reflected in the ways in which 

craniometric research introspectively questioned and changed its approach (Birkby, 1966; 

Snow et al. 1979). The possibilities for this method may come to fruition through a 

number of new applications such as geometric morphometrics. Today, the objective is to 

revalidate the methods used to identify decedents by updating techniques with regionally 

specific samples. Ancestry estimation currently shows great promise and with the 

appropriate reference groups it can improve greatly, so that that method may be used both 

domestically and globally. 

It is the very nature of science to consistently theorize, prove, and debate the ideas 

that undergird our origins. This scientific process enables us to evolve and self-correct 

through investigation, rather than polarize through negligence (Littlefield et al., 1982). 

The expansion of scientific knowledge elicited the dismissal of essentialist thinking, 

cladistics centered theory, and biological determinism in physical anthropology. In many 

ways, the field’s evolution towards a truly population-centered biological anthropology 

emerges as a natural outgrowth of our powerful inclination to reject harmful 

methodologies in research.  
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Chapter IV: Population History of Mexico and Colombia  

 

This chapter summarizes the population histories of Mexico and Colombia with the 

purpose of highlighting major theories on how each geographic region was populated. 

The peopling of the Americas is a long-standing debate, with the medium of transport 

often being disputed. Archaeological, dental, and skeletal evidence all provide insight 

into how this may have occurred; however, this chapter will discuss land and maritime 

migration routes and subsequent population dispersals. The purpose is to contextualize 

the composition of modern Mexican and Colombian populations with respect to three 

ancestral groups. Early populations migrated into the Americas by about 14,000 years 

ago, however the exact timing, splitting of lineages, and medium of transportation is 

highly debated. Nonetheless, both regions share similar colonial histories; therefore the 

genetic signature of each population is central to understanding the similarities between 

them.  

 

Population History 

Mexico is located between the United States and Central America, serving as a 

channel into South America. It encompasses diverse landscapes and environmental 

niches that were inhabited by ancestral populations during the initial settlement of this 

region. Simple models for human dispersal cannot fully explain the initial settlement of 

the continent because of how complex present populations are however genetic studies 

shed light and provide various theories. Moreno-Mayar et al. (2018) sequenced 15 

ancient human genomes from Alaska to Patagonia to focus on the spread of human 
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populations after the initial migrations into the Americas. The approach taken by the 

author emphasizes that the complex population structure seen today is largely due to the 

diversification of groups within North and South America, focusing less on the exact 

timing of initial migratory events. Six of the groups sequenced are older than 10,000 

years, encompassing the general timeline of the initial migrations.  

 Earlier genomic studies confirm that ancestral Native American (NA) populations 

that diverged into the Americas split from ancient Siberian and East Asian (SE) lineages 

at about 25,00 years ago (Moreno-Mayar et al. 2018). Within the ancestral NA lineage a 

split occurred between later NA and ancient Beringeans at about 22, 000 years ago, 

ultimately leading to a split into two distinct branches—Northern Native Americans 

(NNA) and Southern Native Americans  (SNA) at 17,000 years ago. The exact timing of 

these events is beyond the scope of this thesis as the disagreement is contentious. 

Investigations of admixture and when populations split is poorly grasped due to the 

limited number of ancient sequences available. The lineages within the SNA are of 

interest as members of this group expanded into Mesoamerican and eventually South 

America. mtDNA evidence and genomic studies suggest that these groups expanded 

quickly into the Meso- and Southern American region which would eventually given rise 

to the ancient civilizations of each area, respectively. Archaeologically, the appearance of 

time specific material culture (Evans and Webster 2013) is consistent with the rapid 

movement across the Americas and while there is a gap just after the SNA and NNA 

split, the appearance of various sites after 13,000 years ago support the idea that a 

widespread expansion occurred.  
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 The diversification of Mesoamerica is a topic that cannot be fully expanded upon 

in this paper and only major civilizations of Mexico will be mentioned in effort to explain 

the ancestral composition of present day populations. Mesoamerica is an ecologically 

diverse environment that spans a large portion of Mexico, Guatemala, Honduras, and 

Belize; these areas span a various ecological zones lying at different altitudes. Central 

Mexico includes the tropics, high altitude peaks, and large valleys; highland and lowland 

zones occupying respective microenvironments, landscapes, and climate, all of which 

contribute to the skeletal diversity and secular change that can be tracked osteologically 

(Ross et al. 2008). The Olmecs are the first major civilization recognized in Mexico with 

city-states localized within the lowlands of southern and central Mexico. The group first 

appeared roughly as early as 1,500 BC and is recognized by the unique cultivation of 

ancient crops such as maize. Some of the earliest evidence of pottery, iconography, and 

material culture in Mexico come from the Olmec. The widespread establishment of this 

civilization gave way to a number of other regional groups, namely the Teotihuacanos 

(Adams 1991; Berrin an Esther 1993). One of the most influential groups to have existed 

during the Pre-Columbian era was the ancient Mesoamerican city of Teotihuacan, located 

in a small valley within the Valley of Mexico. The city’s existence spans a majority of 

the Classic period; contemporaneously, the Mayan kingdom had been consolidating 

power from the Mexican lowlands (Coe and Koontz 2002). Scholars are currently unsure 

of whether the site served as a state empire or a single socio-cultural unit however it is 

referred to as one of the major civilizations of Mexico. The presence of Teotihuacan 
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culture is visible throughout various sites across Mexico supporting the cultural influence 

and continuity of the state (Berrin an Esther 1993). 

 During the post-classic period, one of the last indigenous civilizations to have 

flourished in central Mexico was the Aztecs. They emerged as a dominant force in 

Mesoamerica, developing monumental city-states, intricate commercial centers, and 

complex sociopolitical confederations. Tenochtitlan existed as one of the largest city-

states in what is now Mexico City and served as the capital for the Aztec Empire. The 

beginning of the 16th century saw to the fall of the great empire as European colonization 

of the new world began; Francisco Hernandez Cordoba was the first conquistador to 

arrive on the Yucatan peninsula, beginning the process of subjugation of the native 

populations (Restall 2003; Thomas 1993).  

In 1521, the continued efforts of the Spanish—led by Hernan Cortes—led to the 

capture and assassination of Aztec Emperor Moctezuma and his successor, Emperor 

Cuauhtemoc. The fall of Tenochtitlan marked the end of the Aztec reign and the ruins of 

the once large city was developed where present day Mexico City is now located. New 

Spain became a territorial extension of the Spanish Empire and the post-colonial 

interactions between the Europeans and captive indigenous groups gave rise to the 

heterogeneous population structure seen in Mexico today (Gruzinski 1993). Since the 

sample utilized in this study originates from a contemporary sample in Mexico City, 

special focus will be given to the genetic admixture from contemporary populations in 

this region only.  
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 The genetic admixture present is a direct result of mating between individuals 

from different ancestral groups; throughout the development of the New World, 

European and Natives mated (often forced) creating a unique gradient of admixture over 

time. A study by Johnson et al. (2011) investigates the ancestral contributions of the three 

continental groups in a contemporary sample in effort to track the unique signatures 

provided by each group, respectively. The authors sample Mexican individuals from two 

sources—a sample from Mexico City and Los Angeles. This approach provides authors 

with ancestry proportions that also reflect differences in the extent of admixture based on 

geographic location (Mexico and the U.S.). Among the Mexico City sample, statistical 

procedures produced ancestry proportions of 65% Native American, 31% European, and 

3% African; the respective proportions from the Los Angeles sample are 45%, 49%, and 

5%, respectively (Johnson et al. 2011).  

The presence of an African signature in this study can be traced back to multiple 

West African groups; this finding is consistent with the forced migrations of West 

Africans from the trans-Atlantic slave trade. While relatively low in both cohorts, the 

higher percentage in the Los Angeles sample can be explained by greater population 

diversity in the U.S. Overall, the population structure is a direct result of centuries of 

admixture between the three ancestral groups. The introduction of European colonists, 

transport of West African slaves, and subjugation of native groups all contributed to the 

diverse populations that are seen in present day Mexicans. Within contemporary 

populations, the Native American signature is the highest followed by the European 
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group; it is expected that results from this study will produce similar conclusions to 

previous genomic studies.  

The republic of Colombia is situated at the northwestern region of South America, 

sharing a border with Central America, Ecuador, Peru, and Venezuela. Its location makes 

it unique entryway for the ancestors of early indigenous populations (Garcia 2012). 

Similarly, SNAs that diversified into Mesoamerican populations also gave rise to early 

South American groups. Some scholars posit that a single migratory event and radiation 

into the continent occurred, producing the early populations however there is debate that 

the peopling of South America occurred as a result of multiple events (Pool and Nielsen 

2009). Nonetheless, Moreno-Mayar et al. (2018). still suggest that preceding the arrival 

into the continent ancient peoples moved along various pathways expanding all the way 

to the Chilean continent.  

By 14,000 years ago South America had been settled by an unknown number of 

ancient Native American (Homburger et al. 2015). This is a rough timeline as the exact 

time continues to be debated. Generally speaking, there was no single dominant 

civilization that reigned during the pre-Colombian era within the country of Colombia 

(Acosta 1848; Gomez-Mejia 2012); the earliest cultures present in Colombia include the 

Musica, Zenu, Quimbaya, and Tairona. These groups each derived from SNA and would 

eventually face subjugation from much stronger entities such as the Incan empire. The 

first settlement on this continent was a direct result of explorative efforts by Vasco Nunez 

de Balboa, who erected the first city in Colombia beginning the domino effect that would 

lead to the development of New Granada in 1536. Similarly to the decimation of the 
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Aztecs in Mexico, these groups would slowly intermix with Europeans migrating to New 

World, giving rise to the human variation seen today.  

In a recent study conducted by Homburger et al. (2015), they sampled 266 

individuals from Colombia, Ecuador, Peru, Chile and Argentina; the results of the 

analysis on the Colombian sample will be briefly discussed as it reflects the current 

population structure . The Colombian group from their study was sampled from a present 

day population in Medellin, consistent with the sample used in this current study. From 

their results, the onset of various admixture events produced strong European signatures 

in Medellin within their sampled followed by a heavy Native American signature. This 

can be explained first by colonial efforts during the 16the century, and more recently 

waves of European migrations during the 19th and 20th centuries. The heterogeneous 

nature of South America confounds many researchers because no single model can 

explain the diversity that exists among various countries in South America. Recent 

genomic studies such as that of Moreno-Mayar et al (2018) detect the greatest 

contribution from Native Americans in modern Mexicans from Mexico City. Conversely, 

recent studies from Colombia suggest a slightly higher contribution from Europeans in 

modern Colombians from Medellin. The exact nature of demographic shifts within South 

America continues to be scrutinized, however there is general agreement that the genetic 

ancestry of Latin Americans received its greatest contributions from the Native and 

European ancestral groups.  
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Chapter V: Materials and Methods  

 

This chapter will review the composition of the skeletal samples used in the 

present study, describe the methods used to collect the data, and discuss the statistical 

procedures implemented for data analysis in order to test the hypothesis. The landmarks 

included in this study and the rationale behind the selection is also described, with respect 

to biological significance. During data collection, as much information from each 

individual was collected. While it is not currently possible within the scope of this thesis, 

a two-dimensional analysis will be conducted on all of the landmark data from the 

samples this study. All data was gathered between May and September of 2017.  

 

Materials: the skeletal samples 

A total of 547 individuals 18-102 years of age were analyzed for the geometric 

morphometric analysis (3D); a total of 325 individuals were analyzed for a traditional 

analysis (2D). 

The Colombian sample used in the present study is currently housed at the 

forensic anthropology laboratory at the University of Antioquia, Medellin, Colombia. 

The osteological reference collection curates 517 individuals of known age, sex, and birth 

region. The collection represents individuals from varying regions across Antioquia and 

born in the mid-twentieth century to the present century, with ages ranging from fetal to 

102 years. Table 1 presents a breakdown of the sample by sex and region. Within this 

sample, craniometric data was only available for 191 (F = 58; M = 133) individuals. Data 
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from the remaining sample was not possible due to the selection criteria for this 

investigation. The skeletal sample was accrued from above-ground vaults and individual 

graves from the Universal Cemetery of the city of Medellin or the San Pedro Cemetery 

Museum. Individuals were interred for four years, at which point the next-of-kin could 

claim the bodies or donate them to the University. At the laboratory decedents were 

macerated, cleaned, labeled, photographed, and stored as per the lab protocol. 

Table 1. Groups used in present analysis. 

Group Male Female Total 

Mexico 85 48 133 

Colombia 133 58 191 

Migrant 193 30 223 

 

The Mexican collection is housed at the Laboratorio de Antropología Física at the 

Universidad Autónoma de México (UNAM) in Mexico City, Mexico. The university 

curates 246 individuals from Mexico City which were donated from hospitals, funeral 

homes, and forensic casework. From the collection, 133 (F = 48; m = 85) individuals 

were available due to the selection criteria described above. The osteological collection 

represents individuals from the central region of Mexico, namely the Federal district of 

the city of Mexico with ages ranging from 17-100 years.  

Antemortem documentation (age and sex) is available for most of the individuals 

in this collection; a small subset of the sample (n=14) lacked documented sex. For these 

individuals, traditional sexually dimorphic traits were scored using the method proposed 
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by Walker (2008). Using the criteria described by Walker (2008), the nuchal crest, mental 

eminence, supraorbital margins, mastoid processes, and glabella were scored according to 

their level of expression, with males typically exhibiting more robust features (with 

scores of 4 and 5) and females exhibiting more gracile features (with scores of 1 or 2). 

The scores were uploaded into a spreadsheet which calculated all descriptive statistics 

and probabilities. 

The Migrant sample (n=223; F = 30, M = 193) included in the geometric 

morphometric analyses represents a group of positively identified migrants from Arizona. 

The landmark data were graciously provided by Dr. Kate Spradley. The data were 

gathered from border-crosser fatalities from the Pima County Office of the Medical 

Examiner (PCOME) in Tucson, Arizona. This area is a major entry point for 

undocumented border crossers seeking asylum in the U.S. The objective for including the 

sample in the study was to test the hypothesis that a finer grained estimation is possible 

which would be confirmed by any potential overlap between the three groups. Cranial 

measurements were not available from this dataset. 

Factors such a skeletal incompleteness, taphonomic damage, pathological 

changes, and trauma were considered during the selection of the sample size. Only un-

deformed adult crania were included. Subadult crania and extensively damaged crania 

were excluded from the study. A majority of the individuals from the Colombian and 

Mexican osteological collection were either previous forensic cases or utilized in a gross 

anatomy lab; in many instances the calottes were sectioned. In order to augment the 
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sample size, individuals with autopsy cuts were included in this study. Calottes were 

refitted using molding clay or reattached using an adhesive glue by the lab coordinator. 

Data Collection 

Craniometric data was collected with the use of a Microscribe G2X digitizer from 

Boston University’s Department of Anatomy and Neurobiology. There are two types of 

craniometric data that are typically utilized within biological and forensic anthropology—

geometric morphometric and standard inter-landmark distances (i.e., cranial 

measurements); the former has gained popularity within anthropology yet there have 

been few studies investigating which data type provides better results (Humphries et al. 

2014; Spradley and Jantz 2016). Table 2 provides a list of the 24 standard measurements 

outlined by Buikstra and Ubelaker (1994).  

Table 2. List of 24 Standard Interlandmark Distances. 

Interlandmark Distances 

Maximum Cranial Length Nasal Height 

Maximum Cranial Breadth Nasal Breadth 

Bizygomatic Breadth Orbital Breadth 

Basion-Bregma Height Orbital Height 

Cranial Base Length Biorbital Breadth 

Basion-Prosthion Length Interorbital Breadth 

Max. Alveolar Breadth Frontal Chord 

Max. Alveolar Length Parietal Chord 

Biauricular Breadth Occipital Chord 

Upper Facial Height Foramen Magnum Length 

Minimum Frontal Breadth Foramen Magnum Breadth 

Upper Facial Breadth Mastoid Height 
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Landmark data was utilized in a geometric morphometric analysis (3D) and 

collected using THREE-SKULL (Ousley 2004). The 24 standard craniometric 

measurements (Table) were simultaneously calculated in a separate table. The original 85 

cranial landmarks described by Howells (1973) were recorded from each cranium to 

include as many measurements as possible because they have proven successful in past 

studies of bio-distance and forensic application (Spradley 2014; Ross, 2008). Landmark 

data has been shown to provide biologically relevant information about the size and 

shape of the cranium regarding human variation (Humphries et al 2012; McKeown 2000; 

Ross et al. 2004). Not all landmarks were used in the analyses. Table 3 presents the 

subset of landmarks that was used for the morphological analyses.  Each digitizing 

session lasted approximately 30-40 minutes, which includes selecting the individuals, 

assessing the specimen, and marking all 85 landmarks prior to digitization. 

Table 3. Subset of Landmarks used in Geometric Morphometric Analyses. 

Craniometric Landmarks 

Prosthion Glabella Nasion 

Bregma Zygion L Zygion R 

Alare L Alare R Asterion L 

Asterion R Euryon L Euryon R 

Opisthion Lambda Dacryon L 

Dacryon R Inferior Nasal Border L Inferior Nasal Border R 

Frontotemporale L Frontotemporale R Porion L 

Porion R Frontomalar ant. L Frontomalar ant. R 

Min. Nasal Breadth L.  Min. Nasal Breadth R.  __ 
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In effort to collect as much data possible Type 1, 2, and 3 landmarks were 

digitized during collection and stored in an electronic spreadsheet. However, Type 3 

landmarks are necessary for calculating traditional ILDs and were marked with a pencil 

prior to digitization. 

 

Methods: statistical analyses 

A principal component analysis (PCA), discriminant function analysis (DFA), and 

canonical variate analyses (CVA) was conducted using the MORPHOJ statistical 

software program to assess whether the groups exhibit significant differences in size 

(Klingenber 2011). Principal component analysis is useful in displaying variation in that 

it filters out the “noise” within the sample to characterize the main features that are 

contributing to the shape variation among groups. The PCA does this by detecting the 

most meaningful way to identify the source of variance. The PCA will be used to 

visualize the data and the significance of each dimension in an effort to parse out what 

craniometric variables are contributing to the shape differences (Humphries et al., 2013). 

Finally, a CVA was conducted to maximize the separation of group means 

relative to the variation within the group. This is used to distinguish shape features that 

best differentiate among the samples in question where group membership is known a 

priori. Finally, a discriminant function analysis examined the shape differences in group 

pairs. The accuracies of the classifications were assessed via the jackknifed cross 

validation.  
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Both geometric morphometrics and traditional landmark approaches can be a 

useful tool for many forensic anthropologists working in death investigation in the U.S., 

but it has inherent problems in its execution. Users must cautiously interpret the results of 

Fordisc because: (1) the statistical accuracy of the estimations is contingent on the quality 

and quantity of the reference samples used to update the program; and (2) the results may 

be limited by the available measurements that may be taken from any given cranium. 
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 Chapter VI: RESULTS 

 

The purpose of this chapter is to state, summarize, and review the results of the canonical 

variate analyses conducted on the all-group analysis. Within the program MorphoJ, the 

samples can analyzed together or in pairs. Wireframe graphs are a useful feature of the 

program that allows for improved visualizations of shape differences between each 

group. An image of a crania will be juxtaposed onto the wireframe graphs to assist with 

comprehension. Viewers can see the craniometric landmarks relative to their anatomical 

placement on a skull.  

 

Analysis of samples 

Principal component analysis, discriminant function analysis, and canonical 

variate analysis was conducted on the three samples to analyze potential clustering. The 

results summarize the shape-related differences in the samples; these differences 

highlight the potential for accurate classification of individuals belonging to these groups 

in a forensic context. Any statistically significant results could imply that—with 

appropriate reference data—Hispanic individuals can be better classified with a greater 

degree of precision beyond “Hispanic”. 

A Generalized Procrustes Analysis (GPA) was performed to scale, rotate, and 

transform the data into a common coordinate system. This procedure is often applied to 

biological data in order to evaluate three-dimensional datasets. The present research 

analyzes coordinates that are used to calculate linear distances however each X, Y, Z 
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coordinate must be movable within the same coordinate system; all individuals in a 

sample within a common matrix generated by a GPA (Richtsmeier et al. 1992). Table __ 

provides a complete list of each landmark used in the study. Since the data collected will 

have a general Procrustes analysis used to scale, rotate, and transform the data the 

purpose of exploring shape-related variation independent of size can be attained. This 

step is essential because the raw coordinate data cannot be used in a shape analysis since 

each set of landmarks is collected in its own coordinate system.  

 Males and females were pooled together in order to maximize the sample size. 

Prior to the statistical procedures all outliers were removed from the sample. 

Subsequently, a canonical variate analysis was run in order to maximize the differences 

among the groups and isolate the key features contributing to the variation. This analysis 

was performed using 95% confidence intervals. Only a single iteration was conducted 

using a reduced list of landmarks that better represent craniofacial form (Table __) over 

the complete set of 85 craniofacial landmarks.  

Mahalanobis distances produced from the CVA are shown in Table 4 and are all 

significantly different (p-value <0.0001). The Mahalanobis scores produced from the 

CVA indicate statistically significant differences between the Migrant group and the 

Colombian group (p < .001) followed by significant distances between the Migrant group 

and the Mexican group. The lowest Mahalanobis distances are seen between the Mexican 

and the Colombian group According to these distances, the Colombian and Mexican 

samples (with the lowest distances, thereby the lowest difference in similarity) are most 
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similar to one another and suggest that the migrant sample is most divergent from all 

other groups.  

Table 4. Mahalanobis Distances among the Colombian, Mexican, and Migrant 

samples 

Group Colombia Mexico Migrant 

Colombia — — —   

Mexico 3.34 — — 

Migrant 6.29 6.76 — 

 

CV Wireframes and Shape Differences 

The plot produced by the CVA graphically displays the separation between the 

three groups used in this study, with the Migrant group plotting the furthest from the 

Mexican and Colombian groups. The CVA is in order to maximize the separation of 

group means relative to the variation between all the groups uploaded into MorphoJ. 

With this information, the best distinguishing shape features that best differentiate among 

the samples in question will be revealed. This type of DFA examines the shape 

differences in pairs. The accuracies of the classifications were assessed via jackknifed 

cross validation.  Figure 1 displays the canonical variate (CV) plot, showing the 

separation of the migrants. CV1 separates the migrant sample from the Mexican and 

Colombian samples (accounting for 85% variation). CV2 separates the Mexican and 

Colombian samples from one another with the migrant sample plotting intermediately 

(accounting for 15% variation).  
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Figure 1. Canonical variates plot of Colombian, Mexican, and Migrant samples 

Wireframe graphs associated with each CV were produced from the Mahalanobis 

distances. These graphs outline the shape variation changes occurring along CV1 and 

CV2 in order to highlight the specific landmarks responsible for the changes. In order to 

better visualize the placement of these landmarks relative to a human cranium, each 

wireframe was superimposed onto a skull. The dark blue line represents the average 

shape along each CV, respectively.  

Along CV1, shape variation in the positive direction shows that the Mexican and 

Colombian samples show a more anteriorly projecting glabella and nasion and a more 

posteriorly located prosthion, suggesting overall smaller cranial bases. Shape variation in 

the negative direction displays a more anteriorly projecting prosthion and lamba and a 



 

60 

posteriorly located glabella, suggesting shorter cranial lengths for the migrant sample 

(Figure 2).  

 

Figure 2. Wireframe graphs displaying morphological shape changes along CV1 

(Mexico and Colombia, top; Migrant, bottom) 

Along CV2, shape variation in the positive direction separates the Mexican and 

Colombian group based on a more inferior bregma, glabella, and prosthion and a 

superiorly placed basion, suggesting lower cranial vaults in the Mexican sample; 

conversely, shape variation in the negative direction displays a more superior bregma, 
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prosthion and inferiorly placed basion in the Colombian sample, suggesting a higher 

cranial vaults in the Colombian group (Figure 3). The Migrant group plotted 

intermediately between the two groups along CV2. 

 

Figure 3. Wireframe graphs displaying morphological shape changes along CV2 

(Colombia, top; Mexico, bottom) 
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The shape differences among all of the samples show that the Migrant group was 

the outlier, having no overlap with the Colombian and Mexican sample. It is possible that 

because this sample was the most robust in size, overfitting could possibly explain the 

stark differentiation for the others. Nonetheless, the information regarding the shape 

differences in the cranium remain highly useful in presenting a visualization in how all 

the samples differ. The slight overlap between the Mexican and Colombian groups 

showcase the shape differences. Other programs that implement geometric morphometric 

approaches can utilize the shape differences seen here, adding to the anthropological 

toolkit.  

  

Future Results: two-dimensional data 

The author obtained additional landmark data that has great promise for providing 

more information on the cranial diversity between the three samples. Often, the question 

of utility when using traditional measurement craniometric analyses versus Howells’ 

measurements is often asked, DFAs are commonly run using FORDISC (Ousley and 

Jantz 2012). The landmark data can be used to compare the efficacy of certain 

measurements over others and test whether the Howells measurements are more useful. 

One iteration in the program includes the standard measurements and the second includes 

the Howells measurements using a Forward Wilks stepwise analysis in order to ascertain 

which measurement are effectively classifying the groups. After each analysis that would 

be run, classification accuracies derived from the DFA revealed which set of 
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measurements could provide the best results for ancestry estimation using landmark 

datasets. 

The challenge posed by disparate biological profile methods can be addressed by 

analyzing craniofacial shape differences using geometric morphometric data in 

conjunction with traditional linear measurements. For this reason, additional results 

would be combined with the results of this thesis to provide a better understanding of 

how ancestry estimations would best be approached; it is suggested that when possible all 

approaches should be attempted. With the results from this thesis, future researchers can 

build upon the present literature and facilitate an improved understanding of craniofacial 

diversity in Latin America and assist in the identification of skeletal remains likely of 

Hispanic origin.  
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Chapter VII: DISCUSSION 

 

The present study is designed to provide a new approach to ancestry estimations, 

which are routinely performed by forensic anthropologists. Programs such as Fordisc 3.1 

assist in the identification efforts but require context-specific and up-to-date samples to 

accurately generate a biological profile. The use of a single Hispanic reference group 

from the Forensic Data Bank has been questioned (Spradley et al. 2008), and very few 

craniometric studies address the topic of within-region variation in Latin America.  

The present research investigates morphological differences between three 

modern Hispanic populations using geometric morphometric data. This approach 

explores shape-related variation and can be a useful additional to anthropology methods 

for ancestry and sex estimation. The results of the study support the notion that a higher 

level of forensic identification may be possible using a geometric morphometric approach 

for Hispanic populations. Both the Colombian and Migrant sample demonstrate 

variability in form which underscore the importance of introducing geometric 

morphometric methods into the forensic toolkit.  

Moreover, this study demonstrates that Hispanic populations are not skeletally 

homogenous due to unique admixtures from the three primary ancestral groups 

(European, African, and Native/Asian) and differing population histories. Therefore, 

within a statistical framework, geometric morphometric methods can derive accurate 

identifications by assessing ancestry in a meaningful way using the morphological 

variation present in the human cranium.  
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The 2010 U.S. Census Bureau reports that Hispanics make up nearly 17% of the total 

U.S. population, representing approximately 55.4 million people (U.S. Census Bureau 

2015) making this investigation of critical importance.  

The results support the hypothesis that morphological differences exist between 

the Colombian and Migrant decedents, who are more likely Mexican nationals. 

Therefore, a greater level of classification accuracy beyond “Hispanic” is possible using 

geometric morphometric methods.  

 

International implications 

 

Lacking suitable comparative population data has detrimental effects (e.g. 

hindering forensic investigation, misclassifications, etc.) that exist in forensic 

anthropological investigations outside the U.S. A number of human rights settings suffer 

consequences namely the mass migrations occurring along U.S./Mexico border. Foreign 

nationals from Latin America, Central America, and Mexico are traveling and perishing 

across the Sonoran Desert to reach the U.S./Mexico border. Forensic anthropologists who 

work along the border receive an overwhelming number of human remains that require 

skeletal analysis because the persons are rendered visually unidentifiable as a result of 

decomposition and mummification (Anderson, 2008; Birkby et al., 2008). These cases 

become especially problematic when considering the lack of resources and legal time 

constraints placed on a forensic anthropologist whom is tasked to identify the human 

remains.  
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Human rights initiatives have increasingly begun to include forensic 

anthropologists in the identification efforts to ameliorate global travesties; various non-

governmental organizations such as the Equipo Argentina de Antropologia Forense 

(EAAF; Argentine Forensic Anthropology Team) were created to investigate past human 

rights violations. Numerous areas within the global south (Peru, Colombia, etc.), Europe, 

and Africa have been subject to politically charged travesties that often involve mass 

eliminations or forced disappearances of groups of people. Forensic anthropology has 

played an important role in investigating these crimes and identifying the decedents who 

have become subject to these crimes (Larsen 2010).  

However, analysts are faced with the challenge of using biological profile 

methods that were built from European and African-descended populations thereby 

limiting the predictive power when used on non-European/African individuals. Baraybar 

and Blackwell (2014) call for the development of new techniques and methods that can 

be effectively applied to areas and regions, such as the global south with their focus 

specifically aimed towards investigating armed conflicted in the Peruvian highlands. 

Oftentimes, the efforts and strategies of non-governmental organizations such as the 

EAAF are only attempts to ameliorate these issues because they are often dismissed by 

governmental entities on the basis that are only supported by the oral accounts of 

survivors. This emphasizes the need for revised methods that are population specific to 

support skeletal identifications. 

The immediate consequence of not revalidating methods include a 

disenfranchisement and a lack of acknowledgement that political atrocities that occurred 
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in the past. The agents of crime, whether state-mandated or not, “[arrest], [detain], 

[abduct], or [deprive]” the liberty of persons who are unable to withstand oppressive 

forces (Baraybar and Blackwell 2014). New developments in forensic science, 

specifically in forensic anthropology are limited by the availability of the skeletal 

collections from which to build samples from. Nonetheless, Baraybar and Blackwell 

(2014) suggest that new approaches should be oriented towards developing wider scale 

standards. 

 

Final discretions on race 

An unintentional reification of scientific racism is an important risk of this study 

because—at a superficial level—the investigation explores shape-related biological 

variation between the three samples in question to isolate differences. Through the 

incorporation of powerful statistics, the study was able to demonstrate morphological 

dissimilarity in cranial form. When considering flaws in current methodological 

approaches, Caspari suggests that “not all approaches to the study of populations are 

populational” (Caspari 2003:74). After the field-wide introspection that ushered in the 

modern synthesis (and evolutionary biology), anthropologists, and scientists, 

unanimously agree and echo the timeless mantra that “race is a cultural construct”. With 

this dismissal, the thought of even mentioning race as a biological reality was polemical 

and it created an anxiety over unintentionally misrepresenting the variation seen within 

and between human groups (Armelagos and Van Gerven 2003).  
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It is important to reflect on where forensic anthropology stands regarding race as 

Armelagos and Van Gerven (2003) would argue that the field represents a return to 

typological approaches beneath the guise of studying geographic ancestry. When 

considering the ardent opposition to race relative to the use of ancestry by a forensic 

anthropologist, it is no surprise that members of this profession experience significant 

criticism. More often than not, critics posit a number of valid concerns on using skeletal 

biology to separate human groups because there is inherent risk in this practice 

(Armelagos and Van Gerven, 2003). Regardless, this line of investigation directly 

addresses and contributes to this ongoing issue of using methods that are not population 

specific when, for example, analyzing Hispanic remains (Ross et al. 2004; Spradley 

2014). 

Without explicitly studying racial types, Caspari (2003) contends that certain 

aspects of racial theory survive with investigations implementing ideas and theories that 

reflect an essentialism and cladistics thinking. This can be seen in the field’s widespread 

use of tree models to depict human variation and how populations are related to each 

other. Studies on biological distance, genetics, and ancestry often employ tree models for 

explaining relationships as they are effective in displaying group relatedness; however, 

this echoes a similar model used to explain typological studies. Clades are appropriate 

when demonstrating biological and evolutionary differences among different species. In 

theory, this could be used to make the argument for the existence of different biological 

races as each branch in a clade or tree model represents a different biological entity but 

human populations are unique and we can reproduce with each other. The use of clades 
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clearly has inherent issues and run the risk of not only reifying but exacerbating 

difference when research should move away from this line of thinking. While the field 

has progressed, the dismissal of race as a cultural construct does not eliminate the reality 

that essentialism and cladistic-centered theory persist (Caspari 2003; DiGangi and Hefner 

2013; Smedley and Smedley 2005).  

In 2009, the AAPA released a special issue delineating modern perspectives on 

race and human variation from a range of anthropological disciplines. In his issue 

Relethford (2009) addresses the question of whether global patterning of craniometric 

variables can validate the separation of groups through application of discriminant 

function analysis to the Howells (1973) dataset. His results suggest, via cross-validation 

tests, that there were high classification rates for each of the groups defined by 

geographic region (Americas, Africa, etc). At first glance, this would suggest that 

populations could be described by types, or races, and that human variation is distributed 

according to skeletal morphology. However, he subsequently tested what would happen 

if groups were defined differently and performed multiple permutations, such as splitting 

North and South America and splitting Africa into multiple smaller groups. He found that 

classifications remained high which directly suggests there is no objective justification 

for the splitting and/or clumping of groups. The way we conceptualize race holds 

implications in the world and as a visually oriented species it is difficult to understand 

human variation beyond skin color yet even that exists on a spectrum (Jablonski 2012). 
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Chapter VIII: CONCLUSIONS 

 

In practice, forensic anthropologists make use of geographic patterning in a 

practical setting and with the advent of powerful statistics are able to ascertain 

geographic provenience. Sauer (1992) argues that it does not reify the concept of 

typological race because in actuality, the differences observed do not empirically support 

the separation of groups; Relethford’s (2009) examination of different continental groups 

concluded that any parameters drawn to define populations are, at worst, subjectively 

drawn and high classification accuracy cannot justify racial classifications. Granted that 

in any given study a limited set of populations are analyzed, samples in question can be 

subsequently split or pooled in a variety of ways by the interpreter. His study offers the 

perspective from a skeletal biologist and rejects the claim that skeletal data supports the 

definitive separation of groups; with enough craniometric variables groups can be 

reimagined in a number of ways at the will of the researcher.  

The overall argument that forensic anthropology is retrogressing away from a 

non-racial approach to the study of human skeletal variation is a poor claim, albeit 

rightfully placed (Armelagos and Van Gerven 2003). The focal point of ancestry research 

should be to understand the patterning of craniometric data among the groups with the 

goal of deriving formulae that can be used in practice. Forensic anthropologists are 

servants to the medico-legal community, and those who criticize the use of race/ancestry 

often forget this.  
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Remnants of essentialist and cladistics-centered approaches may persist in the 

literature and is especially notable in research that delineates ancestral groups using 

racialized terms such as “Black”, “White”, and “Asian” (Ousley et al. 2009). These terms 

have culturally loaded meanings and no place in the scientific literature as they are 

engorged with typological meaning. True ancestry studies must be constructed in a way 

that considers the evolutionary pressures that gave rise to the contemporary skeletal 

variation, or at the very least offer intellectual speculation. The ultimate goal of this 

research is to use the observable skeletal differences to improve the classification 

accuracy of the biological profile and offer support to GM research. Studies in forensic 

anthropology must utilize geographically defined terms (European, African, and Native) 

to separate groups; for the time being, this is the best way to separate populations without 

vindicating an outdated school of thought.  

Our current sociopolitical climate continues to raise awareness of the ways in 

which institutionalized racism permeates various facets of society and the polarizing 

dialogue surrounding UBCs has not been reconciled (Sullivan and Rehm 2005). In the 

past, an unfortunate repercussion of the pseudoscientific vindication of racially defined 

groups was the pervasion of ignorance into society at large (Relethford 2010). Presently, 

social “race” exists in today’s world and it is used to categorize and describe people using 

a set of stereotypically identified traits and anthropologists have a duty to combat and 

rectify the remnants of misguided thought left by the past. Biological anthropologists 

unanimously agree that race is an inaccurate way of describing biological variation and 

vigorously oppose the use of racial categories (Caspari, 2003; Edgar and Hunley, 2009). 
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Smedley and Smedley (2005) review the Western development of social race in effort to 

clarify the socioeconomic, educational, political and occupational disparities.  

 

Limitations  

When attempting to describe human biological variation, a significant risk exists 

in reifying the race concept as a scientifically valid construct; to the layperson this type of 

study may be repurposed in a way that supports the differentiations of human groups as 

concrete entities. This risk is an important consideration within studies of human 

population differences and any research endeavor addressing ancestry estimation or 

biological distance should bear those limitations. Human variation simply cannot be 

divided into essences, clades, or racial types. The results of this investigation would never 

support this idea due to the discriminatory power of the statistical procedures used. They 

are simply designed to maximize differences which, in turn, is not an accurate depiction 

of biological reality.  

However, there is danger in an investigation that explores population differences 

because differences are, in fact, observed. Any research project should consider the 

evolutionary processes and fluidity in play with the dual objective of using contemporary 

and observable differences to classify a decedent and to trace the distribution of traits 

across populations. With respect to this research endeavor, the conclusive results run the 

risk of scientifically justifying a categorical model for separating Hispanic populations; 

therefore, caution must be taken when interpreting the results so that a typological view 

of human variation is not adopted when investigating differences. This study is carefully 
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designed to inquire and clarify what the next step(s) should be to rectify the gap in 

population specific standards for Hispanics, subsequent research should focus on 

variation between and within Hispanic populations and their relationship to the three 

ancestral groups. This could provide a wealth of information on the genetic and skeletal 

fluidity of difference Hispanic countries.  

Anxieties articulated by Caspari (2003) and Armelagos and Van Gerven (2003), 

hold truth but they should not minimize the meaningful work provided by forensic 

anthropologists. It is unanimously agreed that “biological variation is apportioned 

between individuals in different populations and among larger population groupings” 

(Edgar and Hunley 2009:2). Forensic anthropologists are tasked with identifying 

individuals who were socialized into a world that emphasizes classification categories, 

where race is a relevant means of self-identification. Some studies on ancestry continue 

to use racialized terms—Black, White, and Asian—to describe variation, making the sub-

discipline appear more typologically oriented than it really is (Ousley et al. 2009). This is 

arguably worse than using geographically defined terms which is the verbiage that should 

be used when describing populations.  

It is unlikely that Western notions of race will be re-conceptualized and 

redesigned for the purpose of scientific—and political—correctness. Forensic 

anthropology researchers should remain aware of the consequences that this profession 

has had, but are they to abandon the useful application of the field? The statistical models 

that have been derived from studying populations are implemented in medico-legal death 

investigation, mass disaster events, and armed conflict. 
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Final considerations 

The utility of metric—and GM—ancestry estimation cannot be overstated; it is 

vital to human identification. A large risk in unintentionally reifying the concept of race 

exists when employing the craniometric method. Using human variation to justify the 

idea of races in addition to the development of powerful statistics into anthropological 

work is an added concern the field should have. Its incorporation was pivotal in the 

rejection of assumptions drawn between racial groups because scholars like Boas used 

statistics to display the distribution of traits among types (Boas 1912). Within medico-

legal death investigation this developing method was instrumental in making positive 

identifications because it provided a new basis for phenotypic identification.  

The primary focus of ancestry research is to improve current methods by studying 

differences to create population-specific standards for different groups and geometric 

morphometric methods offer an exciting new approach for research in forensic and 

biological anthropology (Humphries et al 2012; Ross et al 2004; Spradley 2014). While 

there is potential for investigating the trait patterning within an evolutionary lens, 

investigations are limited by the pressing objective of improving the current methods of 

ancestry estimation and it is not within the scope of this thesis to embark on such an 

endeavor (Ousley et al, 2009; Shini 2010). The utility of ancestry estimation in human 

identification cannot be undermined by an anxiety that this line of research will reify race 

by simply examining observable skeletal variation. Even though the data supports the 

differentiation of groups, conclusions can never be framed in a way that reinforces racist 
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perspectives to society but rather in a manner that emphasizes the practical necessity of 

ancestry estimation.  
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