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ABSTRACT 
 
 

 The assumption that Mississippian societies were matrilineal and exogamous has not 

been tested. This pattern of kin group organization may be examined archaeologically through 

biodistance studies of cranial and dental remains. This study focuses on the Mississippian 

cemetery of Koger’s Island to determine if average genetic homogeneity within spatial groupings 

at Koger’s Island is greater than that between groups, and further, if there is greater homogeneity 

among females within spatial groups than males. If confirmed, it may be inferred that kin groups 

were both matrilineal and exogamous. Confirming matrilineality and exogamy within this 

cemetery population would contribute to a growing awareness that forms of kin groups were not 

uniform across the Mississippian Southeast.  

 Visually, the Koger’s Island burials appear to be arranged in rows.  In previous studies 

the burials have been compared in terms of grave goods, age, sex, and trauma, but no prior 

biodistance study has been conducted to determine biological relationships within the cemetery.  

Previous research by Peebles (1971) suggested that rows may have been delineated by factors 

other than kinship. Marcoux (2010), in contrast, concluded that kinship may have been an 

important organizing principle on the island, but that the cemetery was not arranged in discrete 

rows on that basis (Marcoux 2010).  In, this study, biodistances were calculated for each pair of 

individuals by mathematically combining 211 variables using a distance metric.  Four different 

spatial configurations were tested to see if biodistance played a role in their formation.  Cluster 

analysis was then used to examine overall patterning within a Gower’s distance matrix. Clusters 
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of individuals were predicted to fall into distinct spatial groups, indicating that individuals were 

interred with biological kin.  Also, females within clusters were predicted to have greater 

homogeneity than males indicating the exogamous matrilineality expected for this Mississippian 

group.  While clusters did not map so neatly as hypothesized, evidence was found to indicate that 

a biological component played some role in the Koger’s Island cemetery burial organization. 
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CHAPTER 1 

INTRODUCTION 

 

This project is a biodistance study of the skeletal remains from the Mature Mississippian 

(AD 1200-1500) site of Koger’s Island in the northwestern corner of Alabama (Figures 1.1, 1.2). 

Visually, the island’s 102 burials appear to be arranged in cemetery rows, but it is unclear what 

determined the organization of individuals within these rows, or indeed if the rows were actually 

intentional.  In the past, scholars have posited that other cultural constructs such as social status 

may have been the dominant contributing factor (Peebles 1971).  Others have concluded that, 

kinship was a contributing factor to burial placement, but that spatial clusters rather than rows 

were used (Marcoux 2010).  I hypothesize that kinship dictated burial organization, and that 

individuals are more closely related genetically within spatial segments than between them. To 

measure genetic homogeneity, I recorded non-metric cranial and dental traits and analyzed 

individuals pairwise to create a biodistance matrix of the cemetery population.  Patterns within 

this matrix were then established via cluster and concentration analysis, and t-tests were used to 

compare mean biodistances of groups within and between spatial segments. If the hypothesis is 

supported, clusters of individuals related by biodistance should map more or less neatly into 

distinct spatial groups, indicating that individuals were interred with their kin.  However, if there 

is no significant clustering of genetically related individuals, it may be inferred that some 

principle other than kinship dictated burial location. 
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This study measures genetic relatedness within proposed spatial segments in the cemetery 

in order to understand the form of kin organization practiced by this Mississippian society. I 

propose that smaller, more isolated Mississippian societies like Koger's Island are likely to have 

practiced unilineal, exogamous kin organization.  This pattern of kin group organization may be 

examined archaeologically through burial practices. The objectives of this study are to determine 

if average genetic homogeneity within variably defined spatial segments at Koger’s Island is 

greater than the genetic homogeneity between segments, and further, if there is greater 

homogeneity among females within segments than males. If these predictions are confirmed, it 

may be inferred that kin groups were both matrilineal and exogamous. 

 

  
 
Figure 1.1:  Google map image of Koger’s Island located in the northwest corner of Alabama. 



 

3 
 

                           

Figure 1.2:  Google Map of Koger’s Island located in the Pickwick Basin of the Tennessee River.  

 

Project Background 

 Biodistance studies are a valuable and underemployed tool in southeastern archaeology. 

Because the spatial organization of the dead often mimics the organization of the living, 

determining interment patterns on the island may illuminate how this group was organized 

socially. Archaeologists have ordinarily assumed that Mississippian societies far removed from 

major political centers were exogamous and matrilineal (e.g., Anderson 1994; Knight 1990; 

Muller 1997; Widmer 1994) due to their agricultural subsistence strategy (keeping related 

women together for a cohesive labor force) and relative lack of strong political control.  

Bridges’s (1991) findings indicate a transition in female skeletal features from the Archaic to 

Mississippian in Tennessee Valley region.  Larger, stronger arm and leg bones in Mississippian 

females suggest a more intensive subsistence style consistent with the tasks involved in 
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agriculture (Bridges 1991).  If women made up the majority of the subsistence labor force, a 

matrilineal kinship system and matrilocal residence pattern would be ideal for such societies.  

However, this assumption has not been tested. If this pattern of kinship can be confirmed at 

Koger's Island through a biodistance study of the osteological remains, the study would be a 

valuable addition to the knowledge of Mississippian culture in the Southeast. Finding evidence 

of matrilineality and exogamy within this cemetery population would contribute to our growing 

awareness that forms of kin groups were not uniform across the Mississippian Southeast (Brown 

2007), and that these features may have played larger organizational roles in some societies than 

in others.  It is anticipated that these remains will be repatriated in accordance with the Native 

American Graves Protection and Repatriation Act (NAGPRA); therefore, all possible 

nondestructive information from these remains should be collected immediately before they are 

reinterred forever. 

 

State of Preservation 

 Probably due to a thick layer of Late Woodland midden containing mussel shell (Webb 

and DeJarnette 1942), the Mississippian component burials of Koger’s Island are remarkably 

well preserved despite the warm and humid conditions in the Southeast.  Shells add carbonates to 

the soil creating a more alkaline environment conducive to bone preservation (Sobolik 2003).  

Many skeletons are largely complete, allowing for easy analysis of the remains.  Documentation 

for the site also is relatively good.  Webb and DeJarnette’s (1942) extensive report is highly 

detailed in terms of burial features.  Figures 1.3 through 1.5 show excellent artistic skill in the 

line drawings on the original burial forms, and provide detailed descriptions about the skeletal 

remains within each burial (University of Alabama Museums, Tuscaloosa, Alabama). 
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Figure 1.3:  Original line drawing of Burials 41, 42, and 43, Koger’s Island site.  University of 
Alabama Museums, Tuscaloosa, Alabama. 
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Figure 1.4:  Original line drawing of Burials 30, 31, 32, 33 and 34, Koger’s Island site.  
University of Alabama Museums, Tuscaloosa, Alabama.
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Figure 1.5:  Original line drawing of Burials 89, 90, 91, 92, 93, 94, 95, and 96, Koger’s Island 
site.  University of Alabama Museums, Tuscaloosa, Alabama. 
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CHAPTER 2 
 

REVIEW OF RELEVENT LITERATURE 
 
 
 

Koger’s Island 

 Koger’s Island is approximately 4.5 km long and is situated in the Pickwick Basin of the 

Tennessee River in Northwest Alabama (Webb and DeJarnette 1942).  The site (1Lu92) was first 

documented in 1936 by R. D. Silvey for the Survey Section of the Engineering Service Division 

of the Tennessee Valley Authority (TVA) (Webb and DeJarnette 1942).  With sponsorship from 

the University of Alabama Museum of Natural History, B. C. Refshauge of TVA supervised the 

block-and-trench style excavations at Koger’s Island in the 20 months prior to the flooding of the 

basin in 1938 (Bridges 1996; Bridges et al. 2000; Webb and DeJarnette 1942).  The difficult 

terrain prevented the site from being heavily disturbed by pothunters, and burials were left 

exposed on pedestals during excavation, allowing rains to clean the bones (Webb and DeJarnette 

1942).  Over the course of those seasons, 102 burials were excavated (Webb and DeJarnette 

1942), making the site the largest known Mississippian cemetery in the Pickwick Basin (Walthall 

1980).  The Koger’s Island burials have been analyzed in terms of grave goods, age, sex, and 

trauma (Bridges 1996; Peebles 1971; Webb and DeJarnette 1942).  In the original excavation 

report, Webb and DeJarnette (1942) mapped (see Figure 2.1) and described the graves in terms 

of burial type (flexed, partially flexed, extended, cremated, and so forth), but did not suggest that 

burial type had anything to do with cemetery organization, as each of these aforementioned types 

is represented throughout the site.        
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Figure 2.1:  Koger’s Island cemetery map as originally published (Webb and DeJarnette, 1942).   

 

 In 1971, Christopher Peebles produced a new map of the cemetery, visually divided it 

into five rows, and then examined burials within each row in terms of grave goods (See Figure 

2.2).  Some of the multi-burial graves are circled in this map; however, some multi-burial graves 

and many of the single burials have been omitted for reasons not mentioned by the author.  Only 

49 of the 102 burials were examined in his study.  Peebles’s rows were delineated based on 

perceived spatial separation, and were found to correlate with the presence of local or “supra-

local” symbols on grave goods within rows; however, ceramic and lithic grave goods were found 

to be distributed fairly uniformly across the entire cemetery (Peebles 1971:71).   Peebles (1971) 

interpreted the arrangement of these goods as a mark of high status to differentiate elites from 

commoners. His analysis showed no significant evidence of an overall organizing principle 

based on grave goods, but there were substantial differences in what types of artifacts were found 

Luv 92 BURIAL PLAN 
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with females and males; this he also attributed to difference in social status.  However, rather 

than classifying them as “local” or “supra-local,” the differences simply may have been gendered 

adornment rather than strict social ranks (Peebles1971).  Peebles (1971) claimed that high-status 

males were separated spatially from commoners; however, subsequent analyses invalidated this 

conclusion (Marcoux 2010).  

                         

Figure 2.2: Map of cemetery at Koger’s Island with Peebles’s row designations and some multi-
burial graves circled (Peebles 1971:72). 

 



 

11 
 

 

 

 

Figure 2.3:  Map of Koger’s Island cemetery by Marcoux, suggesting non-row-based cemetery 
segments (Marcoux 2010:165) 

  

 However, Jon Marcoux (2010) reevaluated Peebles’s 1971 work and did not find his 

visual row delineations so clear; he re-mapped the cemetery based on a k-means cluster analysis 

of spatial distances and found three large spatial clusters rather than rows (Figure 2.3).  His 

analysis used a Binford-Saxe type model, like Peebles (1971), but Marcoux (2010) was 

searching for a kin-based dual social structure as proposed in Knight (1990) rather than a 
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hierarchical ordering based on traditional notions of ranked societies.  Marcoux’s (2010) analysis 

showed what he interpreted as two corporate kin groups and an additional group of outsiders. All 

three clusters were relatively uniform in terms of age and sex of the burials in each, but Section 1 

had more evidence of the severe effects of warfare and/or trophy taking, and lacked grave goods 

(Marcoux 2010).  Marcoux (2010) concluded that his Sections 2 and 3, though similar, 

represented two distinct corporate groups with slightly different funerary artifact assemblages, 

whereas Section 1 was reserved for non-local individuals.   He went on to dismiss Peebles’s 

ideas that high-ranked individuals were separated from the commoners and suggested that, due to 

the spatial dispersal of those with high-status goods, elites were chosen from the same kin groups 

as non-elites (Marcoux 2010).  

 Robertson (1996) made comparisons of the genetic relatedness of populations from 

Koger’s Island (1Lu92), Moundville (1Tu50), Perry (1Lu25), and the Harris Site (1Ms80) using 

chi-squares and the mean measure of divergence to determine biodistance in the same manner as 

Buikstra (1976).  Robertson did not, however, measure relatedness among individuals from 

within the sites in relation to burial type or location.  She also did a comparative analysis of 

ceramic items associated with female burials to determine whether they had foreign pottery 

traditions and thus foreign origins; however, her findings were statistically insignificant, 

suggesting that females with non-local pots were not genetically very distinct from females with 

local pottery (Robertson 1996).  Our study, in contrast, will focus on within-site biodistance 

specifically, on which little work has been done as it pertains to kin organization in the 

prehistoric Southeast. This study has the potential to reveal an organizational pattern at Koger’s 

Island clearer than Peebles’s (1971) or Marcoux’s (2010) models.   
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Biodistance 

 Knudson and Stojanowski (2008) define biodistance as an analysis that “considers 

patterns of skeletal or dental phenotypic variation within the context of microevolutionary theory 

to reconstruct population history and population structure” (Knudson and Stojanowski 

2008:403).  Buikstra (1990) views the utility of biodistance studies as “an important component 

of contemporary physical anthropological investigation” (Buikstra et al. 1990).  Using 

biodistance measures together with cluster analysis could potentially detect aspects of the social 

organization of this community or culture group.  Mortuary data can reveal a wealth of cultural 

information.  Boyd (1996) emphasizes the utility of using DNA extracted from osteological 

remains to trace lineages through skeletal remains.  However, University of Alabama collection 

policy discourages such tests; therefore, only non-invasive trait analysis of the remains is 

performed in this study.  Though not as specific as DNA comparisons, skeletal and dental-based 

biodistance is the next best proxy for direct genetic relatedness.  Much of what is known about 

rank and political organization of Native American groups in the Southeast is derived from 

mortuary analyses that do not involve direct genetic testing (Cobb 2003).  For example, Sullivan 

and Rodning (2001) theorize about burial location in relation to gender roles and associations, 

but do not take the extra step to determine biodistance to see if biological relatedness played a 

role as well.  

 Buikstra (1976) performed a biodistance study among Middle Woodland Hopewell 

populations within the lower Illinois River Valley using a bivariate method.  She created a series 

of 2x2 contingency tables for each possible pair of traits, summed the chi-square vales from 

those tables, and looked at the degrees of freedom (Buikstra 1976).  Buikstra then used an 

angular transformation to calculate the mean measure of divergence.  Hendrickson (2001) also 
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performed a biodistance study at a site in the Guntersville Basin in northeast Alabama.  This 

study followed the bivariate methods of Buikstra (1976) and focused on the mean measure of 

divergence divided by its standard deviation yielding a standardized mean measure of divergence 

(Hendrickson 2001; Irish 2010).  This statistic can only utilize binary (presence/absence) traits; 

consequently all ordinal variables scored on a scale are discussed in terms of frequencies rather 

than combined into the overall biodistance.  Griffin and Stojanowski have also used these 

methods in their works, but only with historical Native American Groups (Griffin 1989; 1993; 

Griffin et al. 2001; Stojanowki 2005; 2010; 2013). 

 

Theory 

 According to a functionalist approach, social organization can function to support the 

needs of its people, including the need to acquire food through agriculture (Malinowski 1922).  

Mississippian societies practiced maize agriculture.  It is thought that the men traveled frequently 

in hunting and war parties, leaving the women to plant, tend, and harvest crops (Bridges 1991; 

Hudson 1976).  Thus, it would be advantageous for women who get along and can work closely 

together to be kept together by a societal institution.  Kinship can function to keep related 

women together; an exogamous, matrilocal kinship system would be the most beneficial social 

organization for keeping related women together and thus controlling subsistence.  The strong 

influence of economics and subsistence on cultural institutions may even be evident in the 

ideology of burial rituals and organization.  

 Burial organization may indicate residence patterning based on kin ties.  Tainter (1978) 

emphasizes the importance of studying osteological remains in the context of burial location.  He 
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asserts that burial patterns “reflect social phenomena,” and therefore are of the utmost 

importance in understanding the lifeways of extinct peoples (Tainter 1978:105).  This 

continuance of a particular kin identity after death, in combination with organization via status, 

sex, and/or age, fits in perfectly with Goodenough’s (1965) role theory of sustained and 

overlapping social identities, which already has been successfully applied to Mississippian 

culture.  Those identities (social roles, occupation, and kinship ties) will be represented in 

mortuary practice/the afterlife.  

 The aforementioned approaches are all valuable research tools; however, they all depend 

on kinship.  Anthropologists have defined kinship in various ways..  Marshall Sahlins’s (2013) 

constructivist approach defines kinship as a cultural “mutuality of being,” rather than as 

something in any way based on biological relationships (Sahlins 2013:20).  Sahlins (2013) 

reviews numerous examples of societies in which kinship is constituted by shared land, food-

giving, or mutual goodwill between individuals.  The relationship between procreation and birth 

is culturally relative (Sahlins 2013); thus, there is no universal way to trace kinship by affinal 

and/or consanguineal ties only.  Sahlins (2013) claims that biological relations do not create 

kinship, but rather, are often a by-product of culturally constructed kin ties, and that “relations of 

birth are reflexes of the greater kinship order and are incorporated within that order” (Sahlins 

2013:65).   While this view of kinship as a culturally constructed idea rather than bloodline is 

valid, our study will use biological relatedness as a proxy for kinship because biological 

relationships are detectable in human remains.  If a kinship system “exists only in human 

consciousness” (Lévi-Strauss 1964:50-51), then how can it be discovered in the archaeological 

record?  Sahlins (2013) conceded that, “kinship is notably built into the relations of procreation 

in societies predominantly composed of unilineal descent groups” (Sahlins 2013:87).  Thus, if 
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we may infer that small Mississippian societies, such as Koger’s Island, practiced a unilineal kin 

pattern, we may be able to discover it archaeologically through the study of biological remains.  

This observation harkens back to Howell and Kintigh’s (1996) claim that if there is any 

statistically significant indication of a biological component to cemetery layout, it is an 

indication of kinship contributing to burial organization.  

 If, as hypothesized, there is a relationship between the biodistance of individuals and 

their burial locations at Koger’s Island, it could be interpreted that relationships in life were 

maintained in death, and that people were interred among their biological kin at death (Saxe 

1970; Tainter 1978).  If the Koger’s Island individuals within cemetery sections are in fact 

biologically related, it may suggest that biological relationships also dictated the arrangement of 

other aspects of life, such as household locality, as Saxe (1970) suggests.  Understanding 

biodistance at this site thus may provide insight into how the people of Koger’s Island controlled 

access to resources, rights to land, residence patterns, and rules of inheritance (Saxe 1970).  Lane 

and Sublett (1972) suggest that further steps need to be taken with biodistance analysis in order 

to determine residence patterns.  They argue that relationships among males only, females only, 

and both be evaluated separately to potentially determine other lineal kin relationships and 

probable residence pattern (Lane and Sublett 1972).  If biological clustering occurs within 

cemetery sections by one sex while the other sex is dispersed throughout the other sections, it 

could potentially indicate patrilocal or matrilocal residence patterns (Lane and Sublett 1972).  I 

have hypothesized that this study will find a matrilocal residence/burial pattern due to the 

requirements of the Mississippian agricultural subsistence pattern.  
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CHAPTER 3 

METHODS 

 

Population 

  The skeletal remains from Koger’s Island are housed in the University of Alabama’s 

Laboratory of Human Osteology. Of all the skeletal collections housed in the UA repository, the 

Koger’s Island collection is one of the best preserved, for reasons already stated. The majority of 

these skeletons are largely complete. This study utilizes all of the viable and available skeletal 

material from the site.  Of the 102 burials, 69 had enough cranial and dental material for this 

analysis.  Twenty-nine females and 26 males were examined along with 14 individuals whose 

sex could not be determined due to either young age or lack of skeletal material with sex-

identifying features.  

 

Data Collection 

  Although solid biodistance research exists on dental morphology and relatedness in 

terms of discrete cranial traits, little has been done to establish kin ties from southeastern 

Mississippian remains using this source of information.  Many burial association studies have 

shed much light on various aspects of past life, yet much remains unknown.  Currently there is a 

need for a combination of techniques in measuring biodistance in the Southeast.  The unusually 

good state of preservation of the Koger’s Island remains allowed for the examination of both 

non-metric traits and anomalous discrete traits of the cranium (as suggested by Lane and Sublett 
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1972).  Together with non-metric morphological dental traits as outlined by Turner et al. (1991) 

and Jacobi (2000), this combination of variables will lead to more precision than is possible by 

using any of the aforementioned variables alone.  Brasili et al. (1999) point out that age and sex 

may affect biodistance analysis, although their results showed virtually no difference in traits by 

age or sex.  

 Cranial non-metric traits were chosen for examination based on those whose variability is 

known to be under genetic control (Robertson 1996).  These cranial and dental traits were 

selected for analysis due to their known heritability and tendency to be less influenced by 

environmental factors, and thus are strong indicators of genetic relatedness (El-Najjar and 

McWilliams 1978; Hauser and DeStefano 1989; Jacobi 2000; White and Folkens 2005).  

Robertson (1996) narrowed the list of cranial traits viable for biodistance studies based on her 

previous success using each of them.  Robertson’s revised list of cranial traits are the only cranial 

markers examined in this study due to their ease of identification, stability despite age and sexual 

dimorphism, and frequency in the population of study.  Due to the fragmentary nature of ancient 

remains, traits that typically appear bilaterally were counted and coded even if only one side 

exhibited the trait.  Buikstra (1976) and Robertson (1996) have successfully implemented this 

technique.  Traits that were present and uniform on all individuals, traits not found on any 

individuals, and traits present on only one individual in the population were eliminated from the 

study.  Following these guidelines, 32 non-metric cranial features were recorded.  Along with 

cemetery segment, sex, and age interval in years, cranial trait size, shape, and strength of 

expression (as defined by Hauser and DeStefano (1989) and illustrated in Robertson (1996)) 

were recorded on a standardized form (Appendix A).   
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 The dental variables selected for this study were chosen because they are not sexually 

dimorphic (Howell and Kintigh 1996; Turner et al. 1991).  Scoring for dental markers was done 

using comparative plaques (Turner et al. 1991) and gradient standards established and described 

in previous osteological/dental studies (Jacobi 2000; Scott and Turner 1997).  Dental data were 

recorded using the Arizona State University dental forms (Appendix A).  Nineteen maxillary 

dental traits and 17 mandibular dental traits were assessed.  Each dental trait was recorded 

individually for each tooth on which it can be expressed.  Thus, 97 maxillary variables and 82 

mandibular variables were recorded.   

 In total, 211 cranial and dental variables were assessed for each individual.  Variable 

types included nominal, symmetric binary nominal, asymmetric binary nominal, and ordinal.  

The list of selected traits is given in Appendix B.  

 

Data Analysis 

 Data analysis was conducted in a manner similar to that used by Howell and Kintigh 

(1996) and James (2012) using the statistical package R.  Whereas Howell and Kintigh (1996) 

hypothesize that individuals within one of several large cemeteries at a site will be more closely 

related biologically than individuals from different cemeteries at that site, this study poses the 

same questions but on a different scale. This thesis utilizes a population within one cemetery, 

and seeks to determine if individuals within sections of the cemetery are more closely related 

biologically than individuals from differing groups in the same cemetery. Because it is not 

obvious what the “correct” cemetery sections are at Koger’s Island, this study will test four 

different potential configurations, two of which have previously been published (Marcoux 2010; 

Peebles 1971) and two of which were visually delineated for this study.  The visually delineated 
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configurations generated for this study are roughly similar to Peebles’s configuration, but rather 

than set straight north to south lines, follow the visually apparent curve of the burial rows 

keeping about 1.5 meters of distance between most rows.  One configuration ignores the 

presence of four large pit features; the other creates rows that follow the curve of their layout.  

Both sets of studies predict that genetically related individuals would be interred close to one 

another.  

 Looking primarily at grave complexity and mortuary ritual (determined primarily by 

grave goods) across the Human Relations Area Files (HRAF), Binford (1971) emphasizes the 

importance of burial data, but argues that age, sex, social position, and societal complexity are 

the determining factors of interment location, leaving out the possibility of biological 

relationships.  While Binford’s (1971) aforementioned variables surely factor into burial 

practices, other considerations, such as biological correlates of kinship, should be examined as 

well.  Researchers in the American Southwest have had success measuring biodistance in 

human remains and detecting burial patterns to infer kin groups among the Zuni of Hawikku 

(Howell and Kintigh 1996).  Howell and Kintigh offer an excellent example of how biodistance 

can be analyzed in relation to burial location, and thus reflect kin ties.  They focus exclusively on 

dental analysis, using Gower’s dissimilarity coefficient to combine their multiple variable classes 

into one manageable index of dissimilarity between each pair of individuals.  The authors used 

several methods of hierarchical clustering, noting that many of the same clusters of individuals 

continued to appear, which suggests a strongly pattered data set (Howell and Kintigh 1996).  

They based their published conclusions on the results from Ward’s clustering method.  Howell 

and Kintigh (1996) also used Simpson’s C to measure the dominance or concentration of 
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quantitatively derived clusters of individuals within cemeteries, and used a Monte Carlo analysis 

to determine the significance of their cluster concentration results.   

 For our study, to answer the question “Do biologically closely-related individuals tend to 

be buried adjacent to one another?” a measure of biological relatedness needed to be adopted 

using data from different levels of measurement in order to compare individuals within mass and 

adjacent graves.  Following Howell and Kintigh’s study, these trait values were mathematically 

combined using Gower’s dissimilarity coefficient in the program R for each pair of individuals 

(R Core Team 2014; Struyf et al. 2014), resulting in a matrix of dissimilarity (Drennan 2010; 

Gower 1971).  Unlike Howell and Kintigh’s study, this study combined dental traits with cranial 

markers to strengthen the overall findings.  Biodistance is relative to both the measure used (in 

this case Gower’s) and the number and types of variables recorded.  Thus, no standard threshold 

for biodistance currently exists, and each measure of biodistance is study-dependent.  Gower 

dissimilarities or biodistances range from 0 to 1, thus pairs of individuals with biodistances less 

than or equal to 0.25 will be considered close biological relatives. 

 To calculate Gower’s dissimilarities, nominal variables are given a score of 0 if both 

cases’ values match and 1 if there is a mismatch (Drennan 2010).  For symmetric binary nominal 

variables, Gower’s gives a score of 0 for pairs of individuals whose values match presence-

presence, 1 for mismatches, and absence-absence matches are omitted (Drennan 2010; Struyf et 

al. 2014).  Asymmetric binary nominal variables are scored 0 for presence-presence or absence-

absence matches and 1 if they are mismatched (Struyf et al. 2014).  Ordinal variables are scored 

by taking “the absolute value of the difference between the values” of the cases and dividing that 

by the number of ranks possible for that variable (Drennan 2010:280).  The Gower’s method 

creates weighted averages from these scores to yield a composite Gower’s dissimilarity score, or 
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biodistance, that ranges between 0 and 1 for each pair of individuals in the population.  Thus, 

pairs of individuals with less dissimilarity exhibit less biological distance and greater biological 

relatedness.  The Gower’s distance matrix of biodistance scores is given in Appendix C.   

 Unlike other methods that require substitution of missing values, Gower’s coefficient is 

able to handle large amounts of missing data by omitting it variable by variable rather than 

omitting the entire case (Gower 1971).  However, if all weights are equal to 0 (in which case the 

denominator of the equation is 0), a dissimilarity score of “NA” is reported (Struyf et al. 2014).  

 At the onset of the project, 73 cases were recorded; however, four cases were especially 

incomplete.  One of these four cases had only two non-missing values, and the others had 71-

81% missing values.  Despite using only the most complete cases, there was still a substantial 

amount of missing data in total (68%).  This largely incomplete data set yielded a Gower matrix 

with numerous NAs that were centered around the four cases riddled with missing data.  Once 

these cases were removed from the calculation, 67% of the data was missing, and only 72 NAs 

remained in the whole Gower’s matrix.  All NAs were eliminated from the final matrix in this 

study by substituting the mean biodistance score for the whole matrix (µ=0.4268).   

 Biodistances yielded by the matrix are non-Euclidean, such that for example a pair of 

individuals yielding a score of 0.25 is not twice as closely related as a pair scoring 0.50.  This 

technique has been successfully applied in similar studies of biodistance (Howell and Kintigh 

1996; James 2012).   

 Also using R, a hierarchical agglomerative cluster analysis was performed using R’s 

AGNES routine to examine overall patterning within the matrix.  Hierarchical agglomerative 

clustering, which is appropriate for a non-Euclidean measure such as Gower’s dissimilarity, 

begins with all cases separated then combines two clusters at a time until only one remains 
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(Hodson 1970; Kaufman and Rousseeuw 1990).  Computation time is minimal and k clusters are 

not designated prior, but rather all possibilities are dealt with in one run (Kaufman and 

Rousseeuw 1990).  The results of this cluster analysis are shown in the dendrogram in Figure 

4.2.  

 Each cluster was designated with a number.  Then, again following Howell and Kintigh’s 

procedure, potential concentrations of clusters within each cemetery segment at Koger’s Island 

were calculated using the measure Simpson’s C in order to see whether cluster assignments 

within divisions were more homogeneous than cluster assignments within the cemetery as a 

whole.  Simpson’s C is the sum of squares of proportions by cemetery segment.  Essentially, a C-

score is a coefficient that measures diversity or homogeneity for groups (Howell and Kintigh 

1996; Pielou 1975).  The C-scores for each cemetery segment then can be compared with the 

value C’, which is a measure of concentration for the whole cemetery, calculated as the average 

of the C-scores for the cemetery segments weighted by the number of burials within each 

segment (Howell and Kintigh 1996; Pielou 1975).  Measures of concentration were taken for 

each potential cemetery configuration (see Tables 4.2 through 4.5).  If biodistance corresponds 

with cemetery segments, then cluster assignments should be more homogenous within segments 

than the proportions of cluster assignments in the cemetery as a whole.  In contrast to Howell and 

Kintigh’s Hawikku study, which used a Monte Carlo method to assess the significance of cluster 

assignments, in this study Pearson’s Chi-square exact tests at α = .05 were used to determine if 

the results of the concentration measures were statistically nonrandom.  Exact tests are more 

reliable in instances where cell counts will be low and the data set is reduced, because rather than 

estimating p values as done with the asymptotic method, exact tests compute the p value 

established by the exact distribution (Mehta and Patel 2011).   
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 For each of the four potential configurations of cemetery segments (see Figures 4.4 

through 4.7), t-tests were run to determine if all pairs of individuals within segments had 

significantly lower mean biodistance scores, and thus were more closely related, than individuals 

across segments.  T-tests also were used to establish if there was a significant difference between 

within-group biodistances and all other biodistances.  Additional t-tests were run sampling only 

males and again sampling only females in each configuration in order to determine if either sex 

tended to be more homogeneous within groups as well.   

 Sometimes, in isolated populations, genetic bottlenecking or a founder effect may occur.  

Populations that are reduced over one or more generations go through a rapid decrease in genetic 

variation (The University of California Museum of Paleontology 2006).  The founder effect 

occurs when a new subpopulation is formed by only a few members of the original population 

thus reducing genetic variability due to a non-random sample of the original population’s genetic 

makeup (The University of California Museum of Paleontology 2006).  Due to the possibility of 

genetic bottlenecking or founder effect within this small, island population, another t-test was 

run comparing the mean biodistance of all males to the mean biodistance of all females 

regardless of burial location to determine if the population is diverse enough to define lineal 

relations by sex or if all individuals are too closely related. 
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CHAPTER 4 

RESULTS 

 

 Let us first address the question of whether individuals who are biologically closely 

related tended to be buried adjacent to one another or together within mass graves. After using R 

to compile the data into one large biodistance matrix, all pairs of individuals with biodistances 

less than 0.25 were highlighted (Appendix C).  In this manner, 251 biodistances were highlighted 

from among the 2,346 scores (11 percent).  Then, their location within the cemetery was found, 

and closely related individuals buried adjacent to one another were circled on the base map 

(Figure 4.1).  In fact, closely related individuals often were found buried within the same grave 

or in adjacent graves; however, these arrangements were not systematically distributed.  Three of 

the eight mass graves documented in the original site report contain biologically related 

individuals according to the use of this criterion (Table 4.1).  In one particular mass grave 

(Burials 89, 90, 91, 92, 93, 94, 95, and 96), all measured individuals were closely related 

biologically, with all pairs of individuals having biodistances < 0.27 (Figure 1.5).  Evidence of a 

traumatic event (scalping, fractures, and so forth), may indicate that some mass graves were 

hastily dug, and that unrelated individuals may have been interred together due to exigency.  
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Figure 4.1: Map highlighting adjacent pairs of individuals with Gower’s biodistances < 0.25 
(base map courtesy of Jon Marcoux).  
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Table 4.1:  Biological relatedness among members of mass graves. Highlighted burial numbers 
indicate remains available for this study. 

 
Mass Burial Numbers Biologically Related 

Individuals 
Biodistance Score for Pair of 

Individuals 
15, 16, 17 15 &16 0.167 
26, 27, 28, 101, 102 No biodistance scores ≤ 0.25  
30, 31, 32, 33, 34 No biodistance scores ≤ 0.25  
35, 36, 37, 38, 39 35 & 36 0.243 
 36 & 37 0.205 
41, 42, 43 No biodistance scores ≤ 0.25  
60, 61 No skeletons viable for analysis  
66,67 No biodistance scores ≤ 0.25  
89, 90, 91, 92, 93, 94, 95, 96 90 & 91 0.133 
 90 & 94 0.242 
 91 & 94 0.250 
 93 & 94 0.230 
 90 & 93 0.256 
 91 & 93 0.267 
 89 & 91 0.267 
 

 

 The hierarchical agglomerative cluster analysis yielded an optimal three-cluster solution 

with seven outliers.  The agglomeration heights were very close together, suggesting very little 

variation in biodistance within the cemetery population as a whole.  Members of each cluster 

were color-coded onto a map of the cemetery to determine to what degree clusters of genetically 

related individuals tended to fall within cemetery segments (Figure 4.3).  Individuals belonging 

to Cluster 1 are shown in blue, Cluster 2 in green, 3 in yellow, and outliers are shaded pink. 

 

 

 

 

 



 

28 
 

 

 

 

 

 
Figure 4.2:  Dendrogram resulting from hierarchical agglomerative cluster analysis (AGNES, in 
R) of Gower’s distance matrix data. 
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Figure 4.3:  Results of cluster analysis mapped onto Koger’s Island Cemetery.  Individuals 
belonging to Cluster 1 are shown in blue, Cluster 2 in green, 3 in yellow, and outliers are shaded 
pink (base map courtesy of Jon Marcoux).   
 

 

 Next, Simpson’s C, our measure of concentration, was calculated for each cemetery 

configuration to determine if cluster assignments within cemetery sections were more 

homogeneous than cluster assignments within the cemetery as a whole (C’).  Figures 4.4 through 

4.7 show each configuration with the cluster designations color-coded as before.  Tables 4.2 

through 4.5 show the results of this testing.  For Peebles’s row configuration, three of his six 

rows (Rows 1, 4, and 6) had concentrations higher than that expected for the whole cemetery (C’ 

= 0.48), but the same Cluster 1 dominated all of them.  The chi-square exact test shows that the 
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cluster pattern in this configuration is not significantly nonrandom.  Alternative Row 

Configuration #1 (determined visually for this study) also had three of its five rows (Rows A, D, 

and E) with higher concentrations than C’ (0.46); however, all were again dominated by Cluster 

1.  Again, the chi-square exact test yielded no significant result.  Alternative Configuration #2 

(also determined visually for this study) had a C’ = 0.45, and like Alternative Configuration #1, 

three of its five rows (A, D, and E) had higher concentrations of individuals belonging to Cluster 

1.  The chi-square exact test for this configuration shows that the results are not significantly 

nonrandom.  Of Marcoux’s three sections, two (Sections 1 and 2) had high concentrations, again 

of Cluster 1 only, with a C’ = 0.44.  Again, the chi-square exact test shows that these results are 

not significantly nonrandom.  Taken together, these results suggest that Howell and Kintigh’s 

(1996) procedure of matching clusters to spatially defined cemetery groupings does not work 

well with this small island population.  This is probably due to the fact that most of the people in 

this population are too closely biologically related in general, as indicated by the small 

aggregation heights in the cluster analysis (Figure 4.2), and also perhaps because the potential 

cemetery sections are too small to yield significant patterning in the biodistance data. 
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Figure 4.4:  Peebles’s (1971) row configuration, with biologically related individuals color-
coded.  Individuals belonging to Cluster 1 are shown in blue, Cluster 2 in green, 3 in yellow, and 
outliers are shaded pink (base map courtesy of Jon Marcoux). 
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Table 4.2:  Cluster concentrations for Peebles’s row configuration, C’ = .0.48, χ2 = 0.333. 
 

Row Cluster 1 Cluster 2 Cluster 3 Outliers Total C-score 
1 5 0 0 1 6 0.72 
2 6 2 2 1 11 0.34 
3 13 6 4 3 26 0.34 
4 8 0 0 0 8 1.00 
5 3 3 0 2 8 0.34 
6 7 1 2 0 10 0.54 
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Figure 4.5:  Alternative Row Configuration #1, as visually determined for this study.  Individuals 
belonging to Cluster 1 are shown in blue, Cluster 2 in green, 3 in yellow, and outliers are shaded 
pink (base map courtesy of Jon Marcoux). 
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Table 4.3:  Cluster concentrations for Alternative Row Configuration #1, C’ = .0.46, χ2 = 0.805. 
 

Row Cluster 1 Cluster 2 Cluster 3 Outliers Total C-score 
A 4 0 0 1 5 0.68 
B 7 2 2 1 12 0.41 
C 14 5 4 3 26 0.36 
D 10 3 0 2 15 0.50 
E 8 1 2 0 11 0.57 
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Figure 4.6:  Alternative Row Configuration #2 as visually determined for this study. Individuals 
belonging to Cluster 1 are shown in blue, Cluster 2 in green, 3 in yellow, and outliers are shaded 
pink (base map courtesy of Jon Marcoux). 
  



 

36 
 

 

 
 
 
 
 
 
 

Table 4.4:  Cluster concentrations for Alternative Row Configuration #2, C’ = .0.45, χ2 = 0.885. 
 

Row Cluster 1 Cluster 2 Cluster 3 Outliers Total C-score 
A 4 0 0 1 5 0.68 
B 7 2 2 1 12 0.41 
C 14 7 4 4 29 0.33 
D 15 3 2 1 21 0.54 
E 2 0 0 0 2 1.00 
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Figure 4.7:  Marcoux’s (2010) sections 1-3. Individuals belonging to Cluster 1 are shown in blue, 
Cluster 2 in green, 3 in yellow, and outliers are shaded pink (base map courtesy of Jon Marcoux).  
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Table 4.5:  Cluster concentrations for Marcoux’s sections, C’ = .0.44, χ2 = 0.582. 
 

Section Cluster 1 Cluster 2 Cluster 3 Outliers Total C-score 
1 8 1 2 0 11 0.57 
2 9 2 1 0 12 0.60 
3 25 9 6 6 46 0.37 

 

 

 A procedure not pursued by Howell and Kintigh (1996) is to work directly with the 

biodistance values in the Gower’s matrix, comparing the mean biodistance of various subgroups 

and testing for the significance of any differences.  Thus, t-tests were conducted to determine if 

within-segment mean biodistance was significantly lower than the between-segment mean 

biodistance for any of the configurations.  If genetic relatedness plays a role in cemetery 

organization at Koger’s Island, lower mean biodistances within segments than across segments 

would be expected.  When including individuals whose sex is unknown, Peebles’s (1971) within-

row mean biodistance is lower than between-row mean biodistance, but not significantly so 

(within-row x̅ = 0.4202; between-row x̅ = 0.4286; p = 0.1708).  When considering only females, 

within-row mean biodistance is higher than between-row mean biodistance (within-row x̅ = 

0.4047; between-row x̅ = 0.3967; p = 0.3209), but not significantly.  Similarly, males within 

rows in Peebles’s configuration possess higher mean biodistance than between-rows (within-row 

x̅ = 0.4106; between-row x̅ = 0.3853; p = 0.0732), but again not significantly.  If these results 

had been statistically significant, only the first outcome of overall within-row mean biodistance 

lower than between rows would be consistent with our hypothesis.  Alternative Row 

configuration #1’s overall within-row mean biodistance is higher (though not significantly so) 

than between-rows (within-row x̅ = 0.4685; between-row x̅ = 0.4545; p = 0.3919).  Like 
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Peebles’s configuration, results for both females and males show higher mean biodistances 

within rows in Alternative Row Configuration #1 (males within-row x̅ = 0.4052; p = 0.0550; 

females within-row x̅ = 0.4060; p = 0.2875.  Individuals within Alternative Row Configuration 

#2 rows have an overall mean biodistance that is significantly lower (within-row x̅ = 0.4107; p = 

0.004) than between rows (between-row x̅ = 0.4324), thus conforming to our expectations, but 

when broken down by sex, both male and female within-row mean biodistances are conversely 

higher than between rows (males within-row x̅ = 0.3954; males between-row x̅ = 0.3915; p = 

0.4079; females within-row x̅ = 0.4000; females between-row x̅ = 0.3973; p = 0.4306).  This may 

be due to the burial location of the 14 individuals of unknown sex in this configuration.  

 The results for the within-group comparisons to all other individuals in Marcoux’s (2010) 

three sections are shown in Table 4.6.  They are here presented differently because Marcoux 

presented his results as a specific (directional) hypothesis that can be tested with biodistance 

data. In short, he proposed that his Sections 2 and 3 reflect opposed kin groups, whereas his 

Section 1 represents outsiders to the bilateral system.  Our results show that Marcoux’s Section 1 

shows a significantly lower within-group mean biodistance than between groups, indicating 

greater relatedness among individuals within this section.  We also find that males in both 

Marcoux’s Sections 1 and 3 are significantly more genetically diverse, which is consistent with 

what we would expect for a matrilocal kin group.  For His Section 2, males are more closely 

related than expected. These findings are in some ways the reverse of Marcoux’s hypothesis; 

there is more genetic diversity in his Section 3 than in his Sections 1 and 2, making Section 3 the 

outlier while Sections 1 and 2 are potentially more indicative of kin groups, but in different 

ways. 
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Table 4.6:  T-test results for within-group mean biodistances in Marcoux’s sections. 
 
Section Within Group Mean Biodistance p-value 
1A 0.378 lower than between-group 0.038 
  Males 0.667 higher 0.001 
  Females 0.339 lower 0.278 
2B 0.398 lower 0.168 
  Males 0.301 lower 0.002 
  Females 0.308 lower 0.107 
3C 0.447 higher 0.000 
  Males 0.428 higher 0.001 
  Females 0.411 higher 0.048 
 

 Based on the evidence of differences in biodistance means by cemetery sections, is a 

biological component of kin organization a probable organizing principle for any of these 

partitionings?   For Peebles’s row designations and Alternative Row Configuration #1, the 

answer is no.  However, it appears that in Alternate Row Configuration #2, biological relatedness 

may play some role, since within-row mean biodistances are significantly lower than between-

group mean biodistance for the cemetery as a whole.  Nonetheless, this is not the indication when 

separated by sex.  Marcoux’s Section 1 shows some indication that there is a biological role in 

burial organization that may suggest a kin group, though this is contrary to his hypothesis.  His 

Sections 1 and 3 show significantly higher mean biodistances for males within rows, indicating 

more biological diversity among males in those groups.  These outcomes would be expected for 

a society with exogamous, matrilineal kin organization and matrilocal residence patterns; 

however, Marcoux’s Section 3 shows a significantly higher mean biodistance for within-group 

females, contrary to expectations.   

 In order to rule out possible effects of genetic bottlenecking or founder effects, an 

additional t-test was run comparing mean biodistances of adult females and adult males 
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irrespective of burial location.  This test showed mean biodistance for adult females was slightly 

higher, though not significantly so, than adult male mean biodistance (female x̅ = 0.3988; male x̅ 

= 0.3928; p = 0.2858).  No sub-adults were of known sex, and thus not included in the test. 
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CHAPTER 5 

DISCUSSION 

 

 Is kin organization as judged by its biological correlate a probable organizing principle 

for the Koger’s Island cemetery?  As already noted, a biodistance study is undoubtedly the best 

way to answer this research question.  As Howell and Kintigh state, “any statistically significant 

patterning of dental traits by cemetery can be taken as support that cemeteries were used by 

specific kin groups” (Howell and Kintigh 1996:543).  By this standard, the answer is yes. 

 The extraordinarily large number of variables used in this analysis has convinced me that 

the use of multivariate quantitative methods is virtually essential in this type of study. Moreover, 

I have not exhausted the potential of this large data set.  For example, the effects of adoption 

could be examined by analyzing data from sub-adults separately from that of adults and 

overlaying the biodistance clusters. Additionally, clustering by sex could be done to see if any 

new patterns emerge. For this reason, although the files are too large to fit the printed page, I am 

placing the original data set and resulting matrix of Gower’s dissimilarities on permanent deposit 

at the University of Alabama’s Laboratory of Human Osteology.  The annotated R syntax for the 

various functions is reproduced in Appendix D.  

 Limitations to this study include small sample size, large quantities of missing data, and 

potential confounds such as adoption practices, raiding, and warfare.  Bridges (1996) points out 

the unusual demography of the Koger’s Island cemetery.  At least one-third or more of the males 

appear to be victims of war, due to the high volume of males in mass graves (Bridges 1996).  
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Scalping, depression fractures, and other injuries apparent on the crania of many remains also 

suggest the prevalence of violence (Bridges 1996).  Often, when there is a sudden decrease in 

population due to warfare or disease, there is an accompanying switch to a bilocal residence 

pattern as well (Ember and Ember 1972).  Mass graves filled with young trauma victims on the 

island suggest a devastation event did occur, creating a lack of mating-age individuals that would 

have altered the population makeup for generations.  Regardless of previous traditions, the sharp 

increase in deaths occurred at Koger’s Island might have caused islanders to switch to bilocal 

residence and thus alter their typical household makeup.  If this is the case for the Koger’s Island 

site, and warfare caused a change in residence pattern, the data in this study may not be as clearly 

indicative of the expected matrilocal residence pattern.  If individuals were living with in-laws or 

other relatives, this could account for the biodistance cluster patterning not being significantly 

nonrandom.  Also, adoption may have occurred in this population, due to the unusual number of 

women and children suffering violent, premature deaths (Bridges 1996).  Across the entire 

Koger’s Island site, 36 percent of the skeletons are of children under the age of 15 years (Bridges 

1996).  Women losing their own children may have adopted those of the women slain.  This 

possibility may also help explain any discrepancies in biodistance that may arise.  Howell and 

Kintigh (1996) also acknowledge this possibility in their work, along with the possibility that 

cemeteries (in this case rows or sections) may be merged over time as space becomes limited.  

This effect could dilute any strong biodistance patterns that otherwise would be seen.  However, 

evidence suggests this cemetery was only used for about 50 years (Marcoux 2010; Webb and 

DeJarnette 1942).  Additionally, Robertson (1996) points out that isolated populations may have 

restricted access to mates, and thus may have high levels of homogeneity regardless.  This 

possibility is consistent with the close agglomeration heights shown in the dendrogram in Figure 
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3.1.  However, Robertson’s regional comparisons of Koger’s Island (and others) with 

Moundville show that relatively high population levels of homogeneity are more likely due to 

common ancestry stemming from Archaic populations than geographic or cultural isolation 

(Robertson 1996). 

 Despite these possible confounds, some significant evidence for matrilineality is 

indicated by higher mean biodistances of within-group males in Marcoux’s Sections 1 and 3 and 

significantly lower mean biodistance overall in his Section 1. Thus, there is sufficient evidence 

suggesting a biological component of kin organization influencing where Koger’s Island burials 

were placed.   
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NON-METRIC CRANIAL TRAITS 

Burial # Row: Site:  1LU92 Observer:  EGW 

Age: Sex: Date: 
SUTURES 

Traits 
Present (0, 

1) Extension Configuration Protrusion Ossicle 
Position 

Lambdoid      

Coronal      

Sagittal      
Transverse 
Palatine  --  -- -- 

FORAMEN, GROOVES, CANALS 

Traits 
Present 

(0,1) Number Position Size Division Shape & 
Expression 

Anterior ethmoidal foramen  --  -- -- -- 

Posterior ethmoidal foramen  --  -- -- -- 

Supratrochlear notch    -- -- -- 

Supratrochlear medial 
foramen    -- -- -- 

Supraorbital notch    -- -- -- 

Supraorbital medial foramen    -- -- -- 

Supraorbital lateral foramen    -- -- -- 

Infraorbital foramen    --  -- 

Parietal foramen    -- -- -- 

Hypoglossal canal  -- -- --  -- 

Marginal foramen  -- -- -- -- -- 

Traits 
Present 

(0,1) Number Position Size Division Shape & 
Expression 

Foramen Ovale and 
Spinosum  -- -- --   
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Lesser palatine foramen  --  -- -- -- 

Zygomatico-facial foramen    -- --  

Mental foramen    -- -- -- 

Retromolar foramen  --  -- -- -- 

 SPINES & TUBERCLES 
Traits Present (0,1) Position Expression 

Zygomaxillary tubercle 
  -- 

Suprameatal spine and depression  --  

Genial tubercles  --  

Depressed inion  -- -- 

NOTES:   
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APPENDIX B 

LIST OF VARIABLES 
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Non-Metric Cranial Features 

1. Lambdoid suture configuration 
2. Ossicle location for Lambdoid suture 
3. Coronal suture configuration 
4. Ossicle location for Coronal suture 
5. Sagittal suture configuration 
6. Ossicle location for Sagittal suture 
7. Transverse palatine suture configuration 
8. Infraorbital foramen division 
9. Foramen Ovale and Spinosum arrangement 
10. Lesser palatine foramen expression 
11. Zygomatic-facial foramen location 
12. Mental foramen location 
13. Zygomaxillary tubercle location 
14. Genial tubercles arrangement 
15. Anterior ethmoidal foramen location 
16. Posterior ethmoidal foramen location 
17. Presence of supratrochlear notch 
18. Presence of supratrochlear medial foramen 
19. Presence of supraorbital notch 
20. Presence of supraorbital medial foramen 
21. Presence of supraorbital lateral foramen 
22. Presence of parietal foramen 
23. Presence of retromolar foramen 
24. Presence of depressed inion 
25. Lambdoid extension 
26. Expression of Lambdoid protrusions 
27. Coronal extension 
28. Expression of Coronal protrusions 
29. Sagittal extension 
30. Expression Sagittal protrusions 
31. Hypoglossal canal division 
32. Parietal foramen number 
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Non-Metric Dental Traits 

Maxillary features 
1. Winging of central maxillary incisors (2) 
2. Labial curve of central incisors (2) 
3. Shoveling of incisors and canines (5- left canine omitted from analysis) 
4. Double shoveling of incisors, canines, and first premolars (8) 
5. Interruption groove of all maxillary incisors (4) 
6. Tuberculum dentale of maxillary incisors and canines (6) 
7. Canine mesial ridge (2) 
8. Canine distal accessory ridge (2) 
9. Premolar mesial and distal accessory cusps (1- only first right included in analysis) 
10. Metacone of molars (6) 
11. Hypocone of molars (6) 
12. Metaconule/ Cusp 5 of molars (6) 
13. Carabelli’s trait on molars (6) 
14. Parastyle of maxillary molars (6) 
15. Enamel extension on premolars and molars (10) 
16. Root number premolars and molars (8- right first premolar and left second premolar 

omitted from analysis) 
17. Radical number (11- first incisors, left second incisor, left canine, right second premolar 

omitted from analysis) 
18. Peg-shaped lateral incisor and third molar (4) 
19. Congenital absence of third molar (2) 

 
Mandibular features 

1. Canine distal accessory ridge (2) 
2. Mandibular premolar lingual cusp variation (4) 
3. Anterior fovea of first molar (2) 
4. Mandibular groove pattern of molars (6) 
5. Cusp number molars (6) 
6. Deflecting wrinkle on first and second molars (4) 
7. Distal Trigonid Crest of third molars (2) 
8. Protostylid of molars (6) 
9. Hypoconulid/ Cusp 5 of molars (6) 
10. Cusp 6 molars (6) 
11. Tome’s root of first premolar (2) 
12. Cups 7 molars (6) 
13. Enamel extension of premolars and molars (10) 
14. Root number (7- incisors, right canine, second premolars, first molars omitted from 

analysis) 
15. Radical number (9 – first incisors, left second incisor, second premolars, second molars 

omitted from analysis) 
16. Torsomolar angle (2) 
17. Congenital absence of third molar (2) 
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APPENDIX C 

GOWER’S MATRIX OF BIODISTANCES 
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APPENDIX D 

R SYNTAX 
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Open R, and set the workspace you wish to use. 
 
>  setwd("C:/Name of Desktop or Flash Drive/ Folder") 
 
*This command allows you to set the location where you draw and write files. 
 
> getwd() 
 
* This should now match what you entered above. 
 
> DATA<-read.csv(“FileName.CSV",header=TRUE) 
 
*This reads your .csv or other R compatible file into the program. The “header” command lets R 
know the first row are variable headers. 
 
>DATA$ID<-NULL 
 
*This gets rid of the case ID.  It can be done now, or later (see below) but must be done before 
calculations. 
 
> DATA<-data.frame(lapply(DATA, as.factor), stringsAsFactors=TRUE) 
 
*This turns your variables into factors. 
 
> DATA[,85]<-as.ordered(DATA[,85]) 
> DATA[,86]<-as.ordered(DATA[,86]) 
> DATA[,87]<-as.ordered(DATA[,87]) 
> DATA[,88]<-as.ordered(DATA[,88]) 
> DATA[,89]<-as.ordered(DATA[,89]) 
> DATA[,90]<-as.ordered(DATA[,90]) 
> DATA[,91]<-as.ordered(DATA[,91]) 
> DATA[,92]<-as.ordered(DATA[,92]) 
> DATA[,93]<-as.ordered(DATA[,93]) 
> DATA[,94]<-as.ordered(DATA[,94]) 
> DATA[,95]<-as.ordered(DATA[,95]) 
> DATA[,96]<-as.ordered(DATA[,96]) 
> DATA[,97]<-as.ordered(DATA[,97]) 
> DATA[,98]<-as.ordered(DATA[,98]) 
> DATA[,99]<-as.ordered(DATA[,99]) 
> DATA[,100]<-as.ordered(DATA[,100]) 
> DATA[,101]<-as.ordered(DATA[,101]) 
 [etc.] 
 
*These commands create ordered factors so Gower will recognize these variables as ordinal. 
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> DATA$ID<-NULL 
 
*Keeps the Case ID from being included in calculations. Make sure to input “$” then the name of 
your Case ID variable as it is in your datafile. 
 
>install.packages("cluster") 
 
*Allows you to access DAISY in order to use Gower. 
 
> library(cluster) 
 
> GOWER<-daisy(DATA,metric = "gower", 
stand=FALSE,type=list(symm=56:69,asymm=70:83)) 
 
*This performs the Gower calculations. 
 
> GOWER 
 
*This produces the matrix on a diagonal. 
 
>summary(GOWER) 
                                                                                                                              
*Gives the following 
 
2346 dissimilarities, summarized : 
   Min. 1st Qu.  Median    Mean 3rd Qu.    Max.    NA's  
0.00000 0.31746 0.40000 0.42680 0.50482 1.00000      72  
Metric :  mixed ;  Types = N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, 
N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, 
S, S, S, S, S, S, S, S, S, S, S, S, S, S, A, A, A, A, A, A, A, A, A, A, A, A, A, A, O, O, O, O, O, O, 
O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, 
O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, 
O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, 
O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O  
Number of objects : 69 
 
> MATRIX<-as.matrix(GOWER) 
 
*This condenses the GOWER into a matrix recognized by R. 
 
>MATRIX 
 
*Shows the matrix data. 
 
>summary(MATRIX) 
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*Shows the Min, Median, Mean, Quartiles, etc. 
 
>write.csv(MATRIX,file="E:/R/MATRIX.csv") 
 
*Saves a .csv file of the matrix. 
 
> str(DATA) 
 
*Yields the following 
 
'data.frame': 69 obs. of  211 variables: 
 $ LAMCON     : Factor w/ 4 levels "2","3","4","5": 2 2 4 NA NA NA NA 2 4 4 ... 
 $ LAMOSS     : Factor w/ 6 levels "0","1","2","3",..: 2 4 NA NA NA NA NA 5 5 2 ... 
 $ CORCON     : Factor w/ 5 levels "1","2","3","4",..: 3 1 NA NA NA NA NA NA 2 2 ... 
 $ SAGCON     : Factor w/ 4 levels "2","3","4","5": NA 2 4 NA NA NA NA NA 1 2 ... 
 $ CONABM3RX  : Factor w/ 2 levels "0","1": NA 2 NA NA 1 NA 1 NA 1 1 ... 
 $ CONABM3LX  : Factor w/ 2 levels "0","1": NA 1 1 NA 1 1 1 NA NA 1 ... 
 $ DTCRESM3L  : Factor w/ 2 levels "0","1": NA 1 NA NA NA NA NA NA NA NA ... 
 $ DTCREM3R   : Factor w/ 2 levels "0","1": NA 1 NA NA NA NA NA NA 1 1 ... 
 $ CONABM3L   : Factor w/ 2 levels "0","1": NA 1 1 NA 1 NA NA 1 1 1 ... 
 $ SAGEXT     : Ord.factor w/ 5 levels "1"<"2"<"3"<"4"<..: NA 5 NA NA NA NA NA NA 5 … 
 $ SAGPROT    : Ord.factor w/ 4 levels "0"<"1"<"2"<"3": NA 2 2 NA NA NA NA NA 2 3 ... 
 $ HYPOCAN    : Ord.factor w/ 5 levels "1"<"2"<"3"<"4"<..: 1 1 2 2 1 NA 1 NA 4 2 ... 
 $ LABCI1RX   : Ord.factor w/ 3 levels "0"<"1"<"3": NA 1 1 NA 2 NA NA NA NA NA ... 
 $ LABCI1LX   : Ord.factor w/ 2 levels "0"<"1": NA 1 NA NA 2 NA NA NA 2 NA ... 
 $ SHOVI1RX   : Ord.factor w/ 4 levels "1"<"2"<"3"<"4": NA 3 2 NA NA NA NA NA NA … 
 $ SHOVI1LX   : Ord.factor w/ 5 levels "0"<"1"<"2"<"3"<..: NA 4 NA NA NA NA NA NA 4 ... 
 [list output truncated] 
 
>CLUSTER V1 to V69 
 
*This will perform a cluster analysis. 
 
>/MATRIX=IN(*) 
/METHOD=BAVERAGE 
 
*You can adjust the method based on your needs. 
 
>/MEASURE=BLOCK 
>/PRINT SCHEDULE DISTANCE 
 
*This will show the agglomeration schedule. 
 
>/PLOT DENDROGRAM 
 
*This will give you a dendrogram graphic. 


