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Abstract

Little is known about the population history and genetic affinities of many of the tribal 

groups of northeastern India, including the Rong and the A'chik. Previous linguistic and genetic 

studies have suggested that these non-Hindu tribal groups may be descendants of East Asian 

immigrants. Due to the linguistic and genetic research, cultural differences between the groups, 

and geographic barriers it was hypothesized that members of these two tribal groups share a 

population history different from that of ethnic groups of other regions of the subcontinent. This 

study employs tooth size allocation analysis to test hypotheses concerning the origins of the 

Rong and the A'chik as well as the nature and extent of odontometric variation found among 

members of both tribes. The author took measurements of the mesiodistal and buccolingual 

dimensions of the permanent teeth among 166 A'chik and 185 Rong individuals. The author 

compared the aforementioned data with measurements obtained among 1,151 members of seven 

ethnic groups from other regions of South Asia. Group centroids from canonical variates analysis 

were plotted in three dimensions to assess patterns of similarities among samples. Canonical 

variates, from both sex-pooled and non-pooled analyses, identify the Rong and A'chik as 

possessing closer affinities to each other than to members of the other groups, thereby supporting 

the hypothesis of separate population origins from members of other South Asian ethnic groups. 

Overall, the results suggest the Rong and A'chik have a different geographic origin than, and 

little admixture with, the other population groups from elsewhere on the subcontinent.
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Chapter 1: Introduction

Humans today live in a fairly integrated world thanks to globalization. This phenomenon, 

which can rapidly facilitate the relocation of peoples, ideas, and physical goods, is relatively new 

and short-lived within the span of modern human history (Smith et al. 2007; Wilkinson 2021). 

Although globalization itself represents a short blip on the timeline of humanity, humans as a 

species have a migration history spanning thousands of years (Klein 2019; Lucassen et al. 2010; 

Rito et al. 2019). To understand human movements and population history from earlier in history 

and prehistory, researchers may examine evidence left in the archaeological record, linguistic 

clues, cultural practices, technological innovations, as well as the genetic makeup of the 

individuals both past and present-day (Bellwood 2007; Murrieta-Flores 2012; Weidner 2018). 

Although cultural artifacts and linguistic analyses are useful for this type of research, it can 

sometimes be difficult to discern whether a change was due to the actual spread of people (i.e, 

demic diffusion) or to cultural and linguistic diffusion. Additional research through biological, 

genetic, and biodistance studies may lead to clarification (Aubry 2009; Hefner et al. 2016; Isern 

and Fort 2019; Lemmen 2015).

If genetic, biological, or phenotypic data is available to study, researchers can use a 

biocultural perspective within an evolutionary framework to make inferences about human 

behaviors, social connections, and interactions. This is because aspects of culture, such as 

customs relating to marriage and decisions regarding mate-choice or residency patterns, can 

affect the genotypic and, therefore, phenotypic trait frequencies within a population (Kumar et al. 

2006; Larsen 2003; Weidner 2018). Other examples of population history that can be inferred 

from some of the biological information include migration, demographic expansion, 
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demographic collapse, and enforcement of social hierarchies based on mating behaviors (Alt et 

al. 2015; Aubry 2009; Brace et al. 1993; Hubbard 2012; Konigsberg 2006; Rathburn 1982; 

Rathmann et al. 2019; Stojanowski and Schillaci 2006; Wilson 2010).

Genetic studies may include analysis of mitochondrial DNA (mtDNA), Y-chromosome 

DNA and autosomal DNA, and biological studies may involve analysis of blood groups or 

immunoglobulin, among other techniques. Unfortunately, DNA preservation is poor in the 

archaeological record for many historic and prehistoric populations, and blood samples may be 

impossible to collect due to cultural proscriptions. Additionally, destructive sampling methods, 

sometimes associated with DNA extraction, raise ethical and legal issues (McClelland 2003; 

Williams et al. 2002). As a result, researchers often use phenotypic data for historic and 

prehistoric populations if they wish to research biological affinities. As technology continues to 

advance, research studies have begun to incorporate types of genetic analysis with metric and/or 

nonmetric data (Corruccini et al. 2002; Herrera et al. 2014; Hubbard et al. 2015; Perez et al. 

2007; Relethford 2001; Smith et al. 2016).

Dental analysis offers an attractive research alternative for prehistoric, historic, and living 

populations, especially populations from which DNA samples have not or cannot be collected. 

As these populations are living, it would be logistically impossible to conduct skeletal analysis. 

Compared to genetic analysis, dental and skeletal data tend to be easier to collect, are 

nondestructive, and relatively inexpensive (Nikita 2020; Stojanowski and Schillaci 2006). 

Previous research has demonstrated that there is a strong correlation between phenetic- and 

genetic-based affinities, supported by research on a global scale, which allows use of skeletal and 

dental evidence in lieu of genetic evidence for biological distance analysis (Hubbard et al. 2015; 

Konigsberg 2006; Lukacs and Hemphill 1993; Stojanowski et al. 2017).
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Biological distance analysis (hereafter, biodistance analysis) quantifies the morphological 

variation of phenotypic traits to assess the relationship between two or more sampled populations 

in a manner analogous to how population geneticists use genetic markers in their research. This 

analysis relies on the assumption that genetically similar groups will exhibit similar physical trait 

frequencies and likewise genetically distant groups will exhibit dissimilar frequencies (Aubry 

2009; Buikstra et al. 1990; Larsen 2002; Scott and Turner 1997).

Biodistance analysis began with researchers studying morphological features of the 

human skull, but has transformed over the decades to incorporate more aspects of skeletal and 

dental variation in the interpretation of genetic affinities and identities (Hefner et al. 2016; 

Stojanowski and Schillaci 2006). Paleontologists and bioarchaeologists may use skeletal and 

dental variants to address questions regarding the relatedness and biological variation of hominin 

fossils and human skeletal remains, respectively. Other biological anthropologists may use 

biodistance analysis to study living populations. For biodistance analysis of archaeological 

populations, anthropologists tend to use skeletal and dental variations. The use of biodistance 

analysis among various hominin specimens and taxa often provide an evolutionary perspective, 

which is useful in understanding modern human variation (Bailey 2006; Paul et al. 2020; Paul 

and Stojanowski 2017; Rathmann et al. 2017; Rathmann and Reyes-Centeno 2020; Weidner 

2018; White et al. 2012).

A central focus of all biodistance studies is the exploration of the underlying genetic 

relatedness or divergence among or between groups, which the researchers believe were 

separated by time and/or geography. Such analyses can provide insight into population history, 

ancestry, and gene exchange. Patterns of population history can be examined at various 

geographic scales, including the individual, family, local community, region, continent, or 
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worldwide (Fukumine et al. 2006; Herrera et al. 2014; Scott and Turner 1997; Stojanowski and 

Schillaci 2006). The differences measured through biodistance studies are assumed to result from 

evolutionary forces, including genetic variation, heritability, gene flow, genetic drift, and 

mutation. These topics will be elaborated on in chapter two.

Figure 1.1 A'chik population distribution in South Asia.
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Figure 1.2 Rong population distribution in South Asia.

Dental biodistance analysis studies have been conducted among other population groups 

from the Indian subcontinent. These studies have contributed to the composition and clarification 

of human dispersal routes to and through South Asia, as well as the population history of the 
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subcontinent. However, much remains unknown about the population history of many groups of 

the Indian subcontinent, especially the tribal groups of the northeastern portion of India. Two 

such groups are the A'chik and the Rong (Figs. 1.1, 1.2). The A'chik are presumed to have 

Tibetan origins, but the origins of the Rong are debated.

This biodistance analysis of the A'chik and the Rong will use odontometric data to 

examine claims regarding both groups' biological origins, interactions, and migratory history. 

This information can be utilized in conjunction with odontometric studies conducted on other 

groups from the Indian subcontinent to advance our understanding of the population history and 

migration of peoples within the Indian subcontinent.

Several broad questions were explored with this research:

1. How does the variation of the sexes compare between and within the Rong and the A'chik 

population groups?

2. How do the results of the dental analysis compare to the results obtained from previous 

genetic analyses?

3. What is the relationship of these two groups to other groups in the Indian subcontinent, and 

what does that imply about their population histories?
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Chapter 2: Rationale

2.1 Genetic Background

2.1.1 Genetic Variation

While the field of biological anthropology encompasses a wide array of research, two 

aspects are of utmost relevance for this thesis: biological variation and evolution. Biological 

variation encompasses the biological differences in humans (Bruijning et al. 2020; Chakravarti 

2015; Relethford 2010). There are four commonly recognized mechanisms of evolutionary 

change: gene flow, genetic drift, mutation, and natural selection. These mechanisms may interact 

in different combinations and affect population relationships at local, regional, and continental 

levels. It is these evolutionary mechanisms and their interactions that determine genetic variation 

both within and between populations however defined (Bruijning et al. 2020; Chakravarti 2015; 

Hemphill 2002; Relethford 2010).

Studies of biological variation permit researchers a better understanding of the extent of 

the biological variability within humans, the biological and environmental mechanisms that 

create and impact that variability, how this variability affects health, and sociocultural influences 

(Bogin 2018; Edgar and Hunley 2009; Larsen 1997). Although phenotypic changes may occur 

on an individual level due to variation, phenotypic evolutionary change within a population will 

only occur if there is a change in the distribution of those phenotypes within a population that are 

passed onto subsequent generations (Bruijning et al. 2020; Hefner et al. 2016; Kruuk et al. 2008; 

Relethford 1997).

Biodistance analysis relies on phenotypic data, so the relationship between phenotype and 

genotype is of the utmost importance. In broad terms, genotype is used to refer to the genetic 

make-up of an individual organism, whereas phenotype is used to describe the physical 
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manifestation of the genotype, which may even encompass a behavior (that would be referred to 

as a behavioral phenotype). So, in a diploid organism like a human, a pair of alleles at a single 

locus is often referred to as a genotype and the visible expression that these alleles produce is the 

phenotype. Some phenotypic traits, including some dental traits like Carabelli trait, are thought 

to be polygenic. Polygenic traits are influenced by two or more genes and have complex 

inheritance patterns (Agnihotri et al. 2013; Ansorge 2001; Mahner and Kary 1997; Pare et al. 

2017; Stanier and Moore 2006). A gene is the basic unit of a hereditary. Genes are made up of 

varying amounts of DNA.

Phenotypes are three-dimensional (four-dimensional if behavior is included) complexes. 

Through tightly regulated processes known as transcription and translation, a subset of genes 

make proteins. In simplified terms, the proteins then endow cells with certain properties, 

including adhesiveness, polarity, behavior, and reciprocity to signals. It is at the cellular level 

that the “instructions,” originally from the gene, are “followed.” Cells cannot function without 

proteins, and the body cannot function without all of the tasks that cells do. During development, 

the interactions between proteins, cells, and tissues, create a progressively higher-order 

complexity that links the genotype and phenotype. Things like environmental factors, 

maturation, and senescence can alter phenotypes (Costanzo et al. 2019; Lehner 2013; Mahner 

and Kary 1997; Pigliucci 2010; Stanier and Moore 2006).

2.1.2 Heritability

In genetics, there are different types of genetic factors, including additive and non

additive genetic factors, which relate to heritability types. Additive genetic effects work together 

to produce the phenotype. In contrast, there is no summation of the interactive effects of non
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additive genetic effects, sometimes due to genetic dominance or epistasis (Hivert et al. 2021; 

Keller et al. 2005; Rettew et al. 2008). Dominance refers to a gene or an allele of a gene that 

expresses itself more strongly than other versions of the gene or allele. In heterozygous 

individuals the dominant gene or allele will be expressed phenotypically. The other versions that 

are not expressed due to the presence of the dominant allele or gene are considered recessive. 

Epistasis describes the non-additive interactions between two or more genes and involves the 

suppression of the effect of a gene (Phillips 2008; Varona et al. 2018).

R. A. Fisher came up with narrow-sense and broad-sense heritability in 1930. As its name 

suggests, broad-sense heritability is more encompassing than narrow-sense heritability. The 

former refers to the total contribution of genetic effects (additive and non-additive) to observed 

phenotypic variance. The latter is limited to the contribution of additive genetic variance to 

observed phenotypic variance (Rathmann 2018; Stojanowski et al. 2019; Townsend et al. 2009a; 

Yuan et al. 2011). In sum, heritability influences the resemblance of offspring to their parents 

due to genetic effects (Visscher et al. 2008; 254).

Heritability was introduced as a way to quantify the level of predictability of passage of a 

phenotype from parent to offspring (Feldman 1992: 151). It allows researchers to compare “the 

relative importance of genes and environment to the variation of traits within and across 

populations” (Visscher et al. 2008; 254). Due to this, the heritability of a trait is often seen as a 

measure of the trait's ability to be used for biodistance and phylogenetic research (Relethford 

and Blangero 1990; Stojanowski and Schillaci 2006; Stojanowski et al. 2019).

Researchers conduct quantitative genetic analyses to evaluate the extent of influence non

additive genetic factors (such as dominance), or environmental variation has on phenotypic 

resemblance across related individuals. If the heritability estimates and/or genetic correlations 
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between the individuals are significant, this indicates that observed patterns of variation are 

influenced by relatedness (Hlusko and Mahaney 2009; Rathmann 2018).

2.1.3 Gene Flow

Gene flow is the movement of genetic material from one population to another. It is 

sometimes referred to as gene migration (Choudhuri 2014). However, the term gene migration 

may be misleading as it not only involves the dispersal of genes among new individuals, but 

rather the establishment of some of the genes within the new population through breeding. It may 

also be confused with some forms of recombination. Mating systems that favor assortative 

mating and inbreeding constrain gene flow, whereas mating systems that favor disassortative 

mating or avoidance of inbreeding increases the heterogeneity of a population and may involve 

gene flow both within and across populations (Aubry 2009; Falconer 1981; Templeton 2018). If 

there is a lot of gene flow between two populations, it may ultimately produce two genetically 

homogenized populations (Aubry 2009; Mascie-Taylor and Lasker 1988; Manly 1994).

2.1.4 Genetic Drift

Genetic drift is a mechanism of evolutionary change in which allele frequencies within a 

population change over generations due to chance events. An allele is one of two or more DNA 

sequences occurring at a given gene locus. Gene and allele interactions can be complex, but 

generally alleles that are expressed regardless of the presence of other types of alleles are 

considered dominant, while the alleles that are masked are labeled as recessive. Typically, 

dominant traits are expressed at a higher frequency in a population group. However, sometimes 

due to genetic drift, a recessive trait will become more common within the population over time.
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The loss of some alleles in their entirety or their absolute fixation within the population, 

regardless of their phenotypic expression, may also be attributed to genetic drift (Allendorf 1986; 

Endler 1986; Orgogozo et al. 2015; Panoutsopoulou et al. 2014; Wolfer et al. 2002; Zlotogora 

1994).

Genetic drift occurs in all populations of non-infinite size; however, its effects are 

stronger in smaller populations than large (Wright 1931, 1959, 1982). The effects may also be 

strong when a population size decreases, whether from a natural disaster (bottleneck effect) or by 

a subdivision of the main population into a series of non-genetically exchanging subpopulations 

(founder effect). It has been maintained that genetic drift has been the prime force acting on 

dental morphology among anatomically modern humans (Allendorf 1986; Aubry 2009; Pink et 

al. 2016; Scott and Turner 1997; Stojanowski 2013; Wright 1931, 1982). This concept is very 

important for biodistance analysis, because if there is either natural selection or assortative 

mating (at least with regard to the traits under consideration), then such variation is useless for 

tracking the patterns of interaction across populations. An example of genetic drift influencing 

the dentition is the prevalence of sinodontry and overall greater dental homogeneity in the 

Americas compared to eastern Asia. These dental patterns are thought to be the result of genetic 

drift or more specifically founder effect (Turner 1987). Turner's (1987) example therefore 

suggests that Native Americans are descended from population groups originating in northeast 

Asia, which aligns with theories of population movement from Asia to the Americas via the 

Bering Land Bridge (Dixon 2001).
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2.1.5 Mutation

A mutation is a change that occurs in a DNA sequence, and as such, mutations contribute 

to genetic variation (Nei 2013). It may be caused by error in the DNA replication process, or it 

may be the result of an environmental factor. There are several different types of mutations, and 

as long as it is one that is not lethal or causes sterility, it may then be passed to offspring. 

Populations that are separated geographically or temporally will accumulate differences due to 

differing mutations that arise in each respective population. However, similarities may also arise 

between the populations due to independent mutations, especially if those populations face 

similar circumstances in which those mutations are beneficial (Aubry 2009; Jobling and Tyler- 

Smith 2003).

2.1.6 Natural Selection

Natural selection is one of the most well-known mechanisms of evolution. Charles 

Darwin developed the concept of natural selection after his five-year voyage on the HMS Beagle 

researching plants, animals, and fossils worldwide. Natural selection describes the phenomenon 

in which organisms better adapted to their environment tend to survive (in greater numbers) and 

may produce more offspring than those that do not possess these favorable adaptions. These 

adaptions involve changes in gene frequencies and genotypes within a population. Those 

variations that favor survival and procreation increase in frequency from one generation to the 

next at the expense of less advantageous variations (Endler 1986; Jones 2001).
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2.2 Dental Anthropology

Dental anthropology is a relatively new subfield of physical anthropology. The term first 

appeared in the title of an article published by George Buschan in 1900, but was not coined until 

the 1950s when used by Klatsky and Fisher (Marak 2015; Davies and Pedersen 1955). Dental 

anthropology encompasses research utilizing various aspects of the dentition to study 

individuals, their relatives, and populations (Hillson 1996). The focus of such studies often 

includes variations in size, shape, and morphological features of the teeth, as well as growth and 

development of the dentition and pathological affliction of these elements.

As discussed in the previous chapter, many researchers use teeth to conduct biodistance 

analysis. However, there are some limitations. The efficacy of using dental variation to conduct 

biodistance analysis is directly tied to the degree of variation in the populations studied. If the 

populations are phenotypically distinct, then a relatively small sample may appropriately 

demonstrate difference. However, small samples run a higher risk of being non-representative of 

the populations from which they were drawn (Harris and Sj0vold 2004; Kruskal and Mosteller 

1979; Turner et al. 2018). Phenotypically distinct populations are often those that are separated 

by large geographic distances, but more importantly are biologically distant. However, if the 

populations are phenotypically similar, large samples and many dental traits may be needed to 

expose the differences between the populations (Hubbard et al. 2015; Scott et al. 2015). 

Although sometimes the evaluation of too many traits in a study can simply add to noise that 

obfuscates interpopulation differences.

Despite these limitations, dental variants have become favored over skeletal variants 

because: 1) the heritability of dental variants is generally well accepted, 2) crown morphology is 

not altered after the period of crown formation, except by wear, pathology, or human 
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intervention, and 3) there is substantial dental variation across populations (Brook et al. 2009; 

Hillson 1996; Hubbard et al. 2015; Scott and Turner 1997). Hanihara and Ishida (2005) have also 

shown that patterns of relatedness based on tooth size variation tend to agree with what is found 

with genetic and craniometric analyses. Additionally, within archaeological samples, teeth are 

often recovered intact and in relatively large numbers from archaeological sites with human 

remains due to their size, shapes, and largely inorganic structure. Therefore, they often allow 

researchers to utilize large samples and perform robust statistical analyses, even in depositional 

circumstances in which bone is poorly preserved (Gómez-Robles and Polly 2012; Harris 1998; 

Harris and Bailit 1987; Lukacs 1988; Lukacs and Hemphill 1991; Paul and Stojanowski 2017; 

Weidner 2018).

A considerable body of research within dental anthropology focuses on permanent teeth 

rather than the deciduous dentition. There are several explanations for this. The complete adult 

human permanent dentition consists of 32 teeth, in contrast to 20 deciduous teeth. Since there are 

fewer deciduous teeth, there are fewer teeth to discover in the archaeological record. Compared 

to permanent dentition, deciduous teeth have thinner enamel and roots, and hence are more easily 

damaged. Still further, in pre-industrialized humans, deciduous teeth tend to be quite worn by the 

time they are lost (Bailey et al. 2016). Although many studies focus on the permanent dentition, 

deciduous dental variations are still considered very important. In particular, the development of 

deciduous dentition is critical for the justification of using dentition as a proxy for population 

histories because it is necessary to understand the way teeth evolve and any factors impacting 

their morphological change in order to make probable inferences (Gómez-Robles 2012; Hillson 

1996; Paul et al. 2020; Paul and Stojanowski 2015).
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Deciduous teeth form relatively quickly and in utero, so that all deciduous tooth crowns 

are complete by the time of birth. The process of tooth formation begins just a few weeks after 

fertilization (Bailey et al. 2016; Hillson 1996). Dental development encompasses crown 

formation, root formation, and structural variants of the teeth (Dahlberg 1951; Garn et al. 1967; 

Scott and Turner 1997; Townsend et al. 2009b). As previously described, in addition to influence 

from genetic factors, variation in tooth size may also be influenced by environmental factors 

such as nutrition, disease, and climate during the prenatal period. These environmental factors 

seem to have weaker influence on such dental traits as size and morphology than skeletal traits 

due to fact that the majority of the non-organic portion of the teeth is formed in utero (Bailey et 

al. 2016; Bishara et al. 1989; Brace and Ryan 1980; Coppa et al. 1998; Garn et al. 1967; 

Guatelli-Steinberg 2018; Guatelli-Steinberg et al. 2006; Kanazawa et al. 2012; Peiris et al. 2013). 

It is thought that the uterine environment buffers some of the external environment factors, 

thereby limiting their influence on the phenotypic expressions of the deciduous dentition (Paul 

and Stojanowski 2017; Paul et al. 2020; Saunders and Mayhall 1982). Consequently, it is 

generally accepted that deciduous teeth provide an accurate reflection of an individual's 

underlying genotype (Bailey et al. 2016; Paul and Stojanowski 2017; Piloud and Kenyhercz 

2016).

2.2.1 Dental Development

All cells and tissues in the body, including future teeth, derive from the three germ layers 

that form during embryonic development: the ectoderm, mesoderm, and endoderm. The 

ectoderm gives rise to the neural plate that later develops into the neural tube. Neural crest cells 

are unique to vertebrates and arise from the developing neural tube, which is sometimes 
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considered the fourth primary embryonic tissue. Neural crest cells play a critical role in 

odontogenesis (Kanazawa et al. 2012; Nanci 2018; Scott and Turner 2018; Tongue 1989).

At about 37 days after fertilization a continuous tissue band, the epithelium, forms around 

the embryo's developing mouth resulting in the primordial upper and lower dental arches. The 

epithelial bands are roughly horseshoe shaped since they correspond to the presumptive dental 

arches and are referred to as the primary epithelial band (Nanci 2018). The epithelial cells and 

tissues also arise from the three germ layers. Enamel for mammalian teeth develops from oral 

ectoderm, whereas the dentine, pulp, cementum, and periodontal ligament originate from the 

mesenchyme (ectomesenchyme), which itself is derived from the neural crest. Around the sixth 

or seventh week of dental development, the first morphological sign of the primary dental lamina 

formation appears. The sign is a thickening of the oral epithelium at the site of the future tooth 

row. This local thickening is known as the dental placode (Juuri and Balic 2017; Nanci 2018; 

Thesleff and Tummers 2008). By around the tenth week, ten dental placodes will have developed 

in both maxillary and mandibular arches corresponding to the individual teeth of the deciduous 

dentition (Hillson 1996; Nanci 2018; Scott and Turner 2018). Some studies undertaken on 

animals, mainly mice, have demonstrated that this formation is controlled by several genetic 

markers, including Pitx2, which is a transcription factor for the dental epithelium. A lack of p63, 

another marker, is known to lead dental lamina arrest, indicating its importance in the 

development of mammalian dental lamina (Juuri and Balic 2017). Another gene that possibly 

plays a role is Shh. Shh is mostly known for encoding the gene signaling system known as the 

sonic hedgehog, but it may also be responsible for the exclusion of Pax6 from the ventral 

midline epithelium. If it is responsible for the exclusion of Pax6 when it itself is expressed, it 
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contributes to the patterning of the upper incisor dentition (Maas and Bei 1997; Scott et al. 2018; 

Scott and Turner 2018; Weiss et al. 1998).

These markers and processes are part of a series of recurring and reciprocal signaling 

events that occur during odontogenesis. These signaling events play critical roles in the 

regulation of tooth development. Over 300 genes have been identified as playing a role or roles 

in odontogenesis. The genetic signaling pathways and interactions between the ectodermal and 

mesenchymal tissues are very important for the initiation, morphogenesis, and differentiation 

phases of odontogenesis. For example, studies of odontogenesis among mice have found that 

Msx1, Pax9 and Runx2 are regulated by signals from the epithelium during the bud stage, so if 

any of these transcription factors are missing, then dental development is arrested at that stage 

(Scott and Turner 2018). Also, around the sixteenth week after fertilization, the enamel organs 

for some of the permanent teeth begin to form. Some, such as those for the M2s, appear post- 

utero (Hillson 1996).

During the days following the formation of the dental placode, the dental lamina 

invaginates into the mesenchyme, which generates tooth placodes. It is at this point that tooth 

development is trichotomized into three stages: bud, cap, and bell. The cells of the dental placode 

proliferate and form the bud-stage of development. The first of three signaling centers, the 

initiation knot (Juuri and Balic 2017; Nanci 2018), governs this transition from the placode to the 

bud stage. The initiation knot forms in the dental placodes and regulates the budding process of 

the dental epithelium as well as the condensation of the adjacent mesenchyme (Juuri and Balic 

2017). The bud shapes are surrounded by ectomesenchyme cells. The transition to the cap phase 

occurs because there is unequal proliferation of the ectomesenchyme cells, with the ones 
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underneath the bud proliferating more rapidly, which in turn creates a dental papilla and a cap 

shape. Hence, the name: cap stage (Hillson 2018; Juuri and Balic 2017; Nanci 2018).

Formation of primary enamel knots occurs as tooth germs advance to the cap stage from 

the bud stage. During the cap stage, the “cap” and the dental papilla are surrounded by the dental 

sac that consists of more ectomesenchyme cells. The combination of the “cap,” the dental 

papilla, and the dental sac, is collectively known as a tooth germ. A tooth germ can develop into 

any of the four types of teeth: incisor, canine, premolar, or molar. Depending on where the germ 

is in the dental arcade, it will develop into the appropriate tooth for that location. However, there 

are no deciduous premolars or third molars, so those do not develop. This is why there are only 

10 dental placodes per dental arcade (instead of 16) (Hillson 1996).

The primary enamel knots regulate tooth crown development and play important roles in 

the determination of crown shape and size. In cases of teeth with two or more cusps, the primary 

enamel knot influences the formation of a secondary enamel knot(s). Secondary enamel knots 

form at the site of future cuspal apices during the bell stage. They determine the location of the 

other cusps, and their location influences the folding in the inner enamel epithelium (Galluccio et 

al. 2012; Hemphill 2018a; Juuri and Balic 2017). It is important to acknowledge that individual 

cusps are not controlled by individual genes. Cusp formation is epigenetic too, as it involves 

gene expression and tissue interaction during development (Moormann et al. 2013; Thesleff and 

Tummers 2008). Jernvall and Jung (2000) assert that molar cusps are the result of a dynamic 

developmental pattern. They contend that during development, the enamel knot signals for the 

folding of the enamel epithelium at the site of the first future cusp tip, which then emits 

molecular signals that influence the location of the next-formed enamel knot. The next formed 

enamel knot subsequently influences the next cusp that forms thereby resulting in a cascade of 
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signals that produces an integrated cusp pattern. Several researchers (Guatelli-Steinberg 2018; 

Hillson 1996; Jernvall and Jung 2000) claim that this cascading formation process causes the 

later-forming cusps to be the most variable in shape and size due to spatial constraint.

Some studies exploring how underlying activator-inhibitor ratios influence relative crown 

size support this idea as researchers believe that inhibition is determined from previously 

initiated elements that now act to hinder mesenchymal activation in order to restrict the size of 

adjacent later-developing teeth (Stojanowski et al. 2017; Thesleff and Tummers, 2008). Within a 

specific tooth, the cascading model and subsequent constraint make sense, but the same process 

does not appear to work on adjacent teeth within dental fields. If such were the case, then one 

ought to see a compensatory interaction effect between early and late developing elements within 

dental fields, but that does not appear to be the case.

It is also important to note that significant evidence has been found that supports that 

these genetic signaling pathways are influenced epigenetically (Brook et al. 2014; Townsend et 

al. 2009b; Wang and Fan 2011). Many odontogenic studies that have used mice or the dentition 

of other animals, including humans, have not only shown that molecular signaling plays a critical 

role in activating and inhibiting the formation of these enamel knots, but also provide supporting 

evidence that a complex system of genes exert rather strong regulation over the position, number, 

dimension, and the shape of teeth. In mice, the dental epithelium and ectomesenchyme appear to 

determine cusp size and crown size, respectively. There is also supporting evidence, which 

suggests that tooth size and cusp size co-regulate cusp number. This tends to mainly be 

supported within population groups, but more research into the relationships across populations 

needs to be done (Galluccio et al. 2012; Garn et al. 1979; Hillson 1996; Hlusko and Mahaney
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2009; Juuri and Balic 2017; Maas and Bei 1997; Salazar-Ciudad and Jernvall 2010; Thesleff and 

Tummers 2008).

The bell stage is the busiest stage of odontogenesis. The dental lamina breaks off and 

disintegrates. However, if there are any remnant pieces of the dental lamina that do not 

disintegrate, they may develop into a residual tooth, cyst, or tumor. The bell stage also has two 

important processes that occur simultaneously. The first is the development of odontoblasts from 

the dental papilla. The odontoblasts eventually form the dentin. Ameloblasts are formed from the 

enamel epithelium. They are sheets of closely and regularly packed cells. They become 

functional once the first layer of dentin (predentin) has been formed by the odontoblasts. 

Formation of the dentin has two stages. The first involves matrix secretion in which the 

ameloblasts build up a matrix with organic and mineral components. The second is one of 

maturation and it occurs once the ameloblasts have completed the necessary matrix secretion. 

The ameloblasts shift tasks and break down the organic component of the matrix so that the 

remaining enamel is composed of nearly inorganic material (c. 96%) (Hillson 1996; Kollar and 

Baird 1970). The tooth crown is mineralized from the cuspal apex to the root. The cervical loop, 

which is where the external and internal epithelial lining meets, has been ‘pinched' closer 

together. The cervical loop develops into the root sheath. If the tooth is uniradicular (i.e., single

rooted) there will be just one hole. However, if the tooth is multiradicular (i.e., multiple roots), 

spicules will form and connect at the beginning of the sheath (the base of the “bell”) and form 

the respective number of roots (Hillson 1996).

Brook and coworkers (2014) suggest the gene network model reflects the development of 

mammalian teeth, including human teeth, from the cap stage to the early bell stage. This model 

can be used to predict co-variation among such variables as tooth size and intercuspal distance.
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This research, as well as the previously discussed research pertaining to the activation and 

inhibition signaling, supports a strong association between different dental phenotypes that are 

influenced by genetic, environmental, and epigenetic influences during odontogenesis (Galluccio 

et al. 2012; Salazar-Ciudad and Jernvall 2010; Townsend et al. 2009a, 2009b). It is important to 

reiterate that the environmental and epigenetic effects on phenotypic dental variation within 

populations are considered either minimal or randomly distributed among the samples being 

studied (Stojanowski and Schillaci 2006).

2.2.2 Field Theory and Clone Model

Butler (1939) claimed that the permanent dentition encompassed three developmental 

fields that coordinated the development of the incisors, canines, and molars, respectively. It 

wasn't until 1945 that Dahlberg identified a premolar field in the human dentition. In contrast, 

Butler (1939) had classified the premolars as part of the anterior members of the molar field. 

Butler (1939, 1982) argued that “morphogens” dictated the tooth type (incisor, canine, or molar) 

within the field the tooth was in. He argued that all of the tooth germs of both arcades had the 

ability to develop into any of the tooth types and observed that the position of the tooth germ 

played more of a role in the determination of tooth type than the developmental timing of the 

tooth (Luna 2015). In addition, through his claims and research, Butler (1939) implied that there 

are separate morphogenetic fields for the mandible and maxilla. He also claimed that there were 

greater correlations within dental fields than between members of separate fields, and he found 

higher inter-tooth correlations to occur in the mandible relative to the maxilla (Butler 1939, 

1982).
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Although subsequent research has tended to support some of Butler's claims (Garn et al. 

1967; Harris 1998; Harris and Bailit 1988; Hlusko and Mahaney 2009), other research has not 

supported his claim concerning correlations within versus between fields. It was argued by some 

researchers that since the maxillary teeth are held captive by a variety of demands due to their 

integration as part of the cranio-maxillary complex, they are more highly integrated across fields 

(Harris 1998; Scott and Turner 2018). Although the gradients in human dentition are not 

continuous as there are distinctive crown boundaries grouped by morphological classes, it is 

accepted that there are tooth classes that exhibit within-field gradients (Luna 2015; Scott and 

Turner 2018). Weiss (1990) noted that teeth are members of a meristic series, which means they 

show duplication with variation along a gradient, and therefore support Butler's (1939) claim 

that adjacent teeth are most similar to one another.

Butler (1982) acknowledged that although variability in mammalian teeth is highly 

species-specific, there is still a sequence of development among the molars that occurs across 

mammals. He observed that teeth develop from mesial to distal within dental fields. Based on his 

research, he also concluded that the size gradient of teeth is somewhat independent of the 

gradient of tooth shape, but size and shape are still interrelated to some extent. He argued that 

tooth-shape was determined early in ontogeny and the size of growth occurs later (Butler 1939). 

He believed that these changes were due to identical tooth primordia reacting to differing 

concentrations of morphogens or some other “dictator” substance (Hlusko and Mahaney 2009). 

Although he was not the first to recognize the repeating nature of teeth within groups, Butler was 

the first to recognize a “central plan” for the tooth types (Harris 1998).

The “clone model” emerged during the late 1970s. Osborn (1978) argued that each tooth 

in a class is “cloned,” in that the teeth of a dental field are replications of the polar tooth in their 
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field. Consequently, morphology is predetermined by intrinsic rather than by extrinsic factors. 

He agreed with Butler (1939) in claiming the presence of three dental groupings: an anterior 

primordium, a canine primordium, and a posterior primordium. The anterior primordium 

includes the deciduous and permanent incisors, the canine primordium includes the deciduous 

and permanent canines, while the posterior primordium includes the deciduous molars and 

permanent premolars and molars (Hovorakova et al. 2005, 2018; Kieser 1990; Scott and Turner 

2018; Weiss 1990). However, some later research has shown that canines may covary with 

incisors which contradicts the idea of separate primordia for canines and incisors (Garn et al. 

1967; Kieser 1990). The idea of the primordia is important for the clone theory because Osborn 

(1978) argued that the process of cloning started with a single stem precursor in each of the 

aforementioned primordia. Supposedly, additional primordia clone off from the stem precursor, 

and so on, until the dental formula is complete (Keene 1991; Townsend et al. 2009b).

Osborn (1978) also suggests that because some teeth form during different somatic 

growth periods, there is variation due to dental formation periods instead of control regions. He 

argues that there is less stability for those members that form late within a control region, such as 

the third molar, which is why its size and shape is more variable (Gómez-Robles and Polly 2012; 

Luna 2015; Osborn 1975; Townsend et al. 2012). Although the third molars tend to vary the 

most in both size and shape, it is important to note that the remaining late developing teeth (such 

as the second molar and both premolars) do not always exhibit greater variability than their more 

mesial and earlier developing counterparts (Hemphill 2014, 2016, 2018a). Osborn (1978) also 

believed that the first teeth that tended to be reduced or lost through the course of evolution, were 

those most adjacent—either anteriorly or posteriorly—to their stem precursor, which is 

problematic for Butler's field theory (Gómez-Robles and Polly 2012; Osborn 1978; Scott and
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Turner 2018). However, this belief (Osborn 1978) does not offer an explanation for the high 

prevalence of third molar agenesis, compared to the prevalence of other tooth agenesis, in 

humans (Sujon et al. 2016; Vastardis 2016). It also does not explain the higher prevalence of 

agenesis in the maxillary lateral incisor, the maxillary second premolars, and the mandibular 

second premolars (Bozga et al. 2014; Demiriz et al. 2017; Eliacik et al. 2021; Gracco et al. 

2017).

Several important discoveries were made in the field of dental anthropology during the 

1970s and 1980s. Kollar and Baird (1970) demonstrated that the mesenchyme, rather than the 

epithelium, dictated tooth class through the use of an interocular graft. They transplanted 

multiple mouse incisor mesenchyme and molar epithelia. Teeth developed normally in about 

one-third of the grafts and the regulative capabilities of epithelia were well displayed. The 

researchers were also able to reconfirm that the dental papilla determines the shape of the 

developing tooth germs. Another study by Kollar and Fisher (1980) produced similar results. 

Lumsden (1979) also used interocular grafts to transplant the presumptive molar region of a day- 

9 mouse embryo. This graft developed M1 and M2 (Scott and Turner 2018; Tongue 1989).

Research tends to suggest that the most appropriate theory may be an amalgamation of 

the ‘field' and ‘clone' theories, while also considering the role of homeobox genes (Aubry 2009; 

Bei 2009; Mitsiadis and Smith 2006; Ramanathan et al. 2018; Townsend et al. 2009b; Weiss 

1990). Although there is still considerable debate about the influences and developmental 

processes of dentition, discordant dental development in monozygotic twin pairs support the idea 

that the models are complementary (Salazar-Ciudad and Jernvall 2010; Townsend et al. 2009a). 

Monozygotic twins share a common DNA sequence as they derive from the same zygote and 

experience the same environmental effects during in-utero development, but discordances in 
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their dental development emphasize the complexities of genetic-environmental interaction in 

dental development (Antunes et al. 2013; Brook et al. 2014; Townsend and Brook 2008; Turrina 

et al. 2021; Xiang et al. 2017). As a consequence of this support for an amalgamation of theories, 

a few scholars have begun to avoid using the term ‘morphogenetic field' because they disagree 

with the idea of prospective cell fate. For example, Salazar-Ciudad and Jernvall (2010) use the 

term gene expression territory.

Galluccio and coworkers (2012) argue that the signaling molecules and roles of 

homeobox genes support this combination due to their roles in the early determination and 

patterning of dental fields (Brook et al. 2014; Ramanathan et al. 2018; Townsend et al. 2009b). 

Townsend et al. (2009b) suggest that homeobox genes play a critical role in the differentiation of 

the tooth types and the determination of the number of teeth that form as the formation of the 

different morphogenetic fields can be linked to the mixing of genes expressed by 

ectomesenchyme of the first branchial arch (the position where the mandible will form). The 

ectoderm produces signals that produce domains of homeobox gene expression in the 

ectomesenchyme. These specific domains establish development patterns, which are initially 

plastic, but eventually are engrained in the ‘memory' of the ectomesenchymal cells. It is believed 

that these patterns and homeobox gene domains are what dictate tooth shapes and formation 

(Cobourne and Mitsiadis 2006; Harris 1998; Townsend et al. 2009b). Harris (1998) agrees that 

biochemical signals and homeoboxes play important roles in regulating tooth growth and 

development. However, he goes a step further to suggest that the strength of the signals and their 

impact is position-dependent, which would support Butler's (1939) claims.

Harris (1998) attributes variation in dental tooth size and morphology to a biochemical 

gradient. He believes that the statistically significant correlations among crown diameters within 
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individuals may be attributed to spatial and temporal control mechanisms. He suggests that the 

deciduous dentition is under the influence of homeobox genes because of their distinctive size 

and shape, and because they develop from the same sites as their later permanent successors. He 

argues that this is evidence that homeobox genes have a temporal component. However, if this 

were truly the case then there should be high correlations between deciduous and permanent 

homologues, but the relationships are mixed. Harris (1998) also argues that the spatial 

component is shown through the definition of tooth types (I, C, P, M), definition of mandibular 

or maxillary characteristics, sided characteristics, and its position in its dental field.

Thus, neither model is perfect, for research has refuted claims from both. For example, in 

many mammals the largest molar is M2, not M1 or M3, so Osborn's (1978) development defense 

does not hold up (Butler 1982; Miller et al. 2009). However, there are examples involving molar 

size that do not support Butler's field model either. In V. macinnes and cercopithecoids found at 

Buluk, the largest molar was M3, not M2 nor M1 (Miller et al. 2009). Butler (1982) also 

questioned how a secondary primordium could be larger, indicating enhanced development, 

compared to the stem precursor. Other critiques relate to Dahlberg's assertion that there is a 

“pole” tooth within each of the dental fields and these pole teeth are always more stable than 

their distal counterparts. Dahlberg (1945) formally introduced this idea when he adapted Butler's 

field model which had described a tooth at the center of the dental field. Said tooth was thought 

to receive the majority of the morphogens and show less variation (Dahlberg 1945; Dempsey and 

Townsend 2001; Harris and Bailit 1988; Hemphill 2018a; Townsend et al. 2009b).

In addition, researchers (Harris and Bailit 1988) who claim there is differentiation in 

which teeth are impacted by environmental factors during development assert that those teeth 

that spend relatively more time in the soft tissue stage, and thus develop later, are marked by 
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greater variation in both size and shape. These teeth would be the second tooth per Dahlberg's 

(1945) dental field, with the exception of the molar field in which the third molar is considered 

the most variable (Scott and Turner 1997; Townsend et al. 2012; Weidner 2018). However, 

Hemphill's (2014, 2018a) analyses did not support such a relationship in all cases, either by 

ethnic group considered or by dental field.

Lastly, it should be noted that many of the studies or topics discussed thus far have 

mentioned the use of mouse models. Mouse models have several benefits and disadvantages. The 

dentoalveolar architecture in some larger species of animals, especially nonhuman primates, is 

more similar to the dentoalveolar architecture of humans, than the dentoalveolar architecture of 

mice. As such, animals, including baboons, dogs, sheep, and pigs, have been used in periodontal 

research, and whose findings may possibly be extended to the human dentition (Juuri and Balic 

2017; Kantarci et al. 2000; Salazar-Ciudad and Jernvall 2010; Thesleff and Tummers 2008).

2.2.3 Mouse Models

The mouse model is also one of the most popular for use in periodontal research. The 

mouse genome has been sequenced and mice share 99% of their genes with humans, which 

allows for a greater understanding and exploration of genetic influences in certain developmental 

processes. Compared to larger animals, mice are also cost-effective. Their generation time is 

short, and their environment can be easily controlled, which makes them beneficial for genetic 

research (Yuan et al. 2011). However, rodents have a different dental formula than humans. They 

only have one incisor and three molars in each dental quadrant (Kantarci et al. 2000; Thesleff 

and Tummers 2008). Since mice do not have canines or premolars, studies involving mouse 

subjects, necessarily focus on the development of incisors and molars. However, there have been 
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some research models developed based on mice studies in which investigators maintain that 

overlapping domains of gene expression may lead to the development of canines and premolars. 

Another drawback is that mice do not develop two sets of teeth. They use the first set they grow 

their entire life. Due to this, they are not very helpful in understanding the developmental 

processes involved with permanent teeth, as compared to the developmental processes of 

deciduous teeth (Juuri and Balic 2017; Kantarci et al. 2000; Thesleff and Tummers 2008).

However, due to the previously discussed genetic similarities in dental development 

across mammalian species, researchers are able to use animals, including mice, to research 

odontogenesis reliably (Salazar-Ciudad and Jernvall 2010). However, it is not practical to study 

“gene-forward” approaches in mice due to their highly derived dentitions relative to humans 

(Hlusko et al. 2011). For dental anthropology, quantitative genetics has become an attractive 

avenue of research using a mouse model, as it can be used to apply a “phenotype-backward” 

approach. The goal of this kind of research is to attempt to link genotype and phenotypes using 

pedigreed samples. The studies are therefore more correlational in nature rather than 

experimental. Through this research, trait variation can be studied in populations of interest 

(Hlusko et al. 2011; Yuan et al. 2011).

2.2.4 Dental Genetic Variance

Hughes and coworkers (2000) attributed 62-91% of observed variation of the metric traits 

of deciduous teeth to additive genetic variation. Similarly, other researchers (Dempsey and 

Townsend 2001; Townsend et al. 2009a, 2012) estimated that 56-92% of phenotypic variation in 

permanent crown size may be attributed to additive genetic variation. Dempsey and Townsend 

(2001) also attributed some non-additive genetic variation among the mesiodistal dimensions of 
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canines and first molars to selective pressures that acted on these teeth during human evolution. 

Unfortunately, very few deciduous teeth are encompassed within the hominin fossil record. That 

is partly why the majority of recorded crown diameters and descriptions are from permanent 

teeth (Hillson 1996), although there are some notable exceptions (Harris and Lease 2005; Lease 

2003; Lease and Sciulli 2005).

Certain dental traits have also shown to be under a strict degree of genetic control. For 

example, although estimates of heritability for dental crown size in humans vary, many are over 

60% (Dempsey and Townsend 2001; Harzer 1987; Hay 2020; Larsen and Walker 2010; Liu et al. 

1998; Townsend 1992). Dental metrics are considered to be under greater genetic control than 

some skeletal measurements (Calcagno and Gibson 1988; Larsen and Walker 2010). Part of this 

is because as previously discussed, there are few factors which can influence development and 

variability of permanent teeth. Additionally, researchers tend to agree that non-metric dental 

traits in particular are under strong genetic control (Galluccio et al. 2012; Hubbard 2012; Scott 

and Turner 1997; Townsend et al. 2009a, 2012).

2.2.5 Fluctuating Asymmetry

To justify employment of the dentition in biodistance analysis, researchers should keep in 

mind several other factors in addition to establishing a genetic basis, including: fluctuating 

asymmetry, sexual dimorphism, and intertrait associations. If these factors are not addressed, 

then the biodistance estimates may be affected by systemic bias. The dental arcade of both the 

maxilla and the mandible are bilateral structures consisting of antimeres. If each pair of teeth was 

perfectly identical in all aspects, they would be completely symmetrical. However, things are 

rarely perfectly symmetrical in nature. Asymmetry is often observed in tooth size, crown trait 
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expression, and root trait expression. These asymmetrical differences can have developmental 

and methodological implications (Scott and Turner 1997).

Peiris and coworkers (2013) described how shape and root expression, in addition to 

tooth size, may be influenced through fluctuating asymmetry, which may be caused by extrinsic 

or intrinsic factors, commonly called stress. Although the degree of asymmetry is thought to be 

proportional to the magnitude of the stress, the sample sizes required for accurate assessment of 

fluctuating asymmetry are rarely employed in odontometric research. Due to these research 

limitations, Smith et al. (1982) argue that dental asymmetry should not be considered a reliable 

measure of stress (Peiris et al. 2013; Smith et al. 1982). Although others (Greene 1984) agreed 

with Smith et al. (1982), some researchers (Follis 2014; Graham et al. 2010; Skrinjaric et al. 

2018) continue to use the presence of asymmetry as an indicator of stress. Likewise, the 

objections of Smith et al. (1982) may be placated by increasing the effect size through either 

increasing the effect(s) of interest or through decreasing the population variance (Hopkin et al. 

2015).

Some scholars (Wang and Fan 2011) have found evidence that genes are involved in 

asymmetric expression in cases of elevated levels of homozygosity, developmental anomalies, or 

chromosomal abnormalities (e.g., Down syndrome). They argue that this can be attributed to the 

increased difficulty of the individual to buffer environmental perturbations during development 

(Scott and Turner 1997). If fluctuating asymmetry in tooth size and morphology is caused solely 

by developmental noise, then the differences in expression between bilateral teeth should not 

have a genetic basis. Some studies (Potter and Nance 1976; Scott and Turner 1997; Sharma et al. 

1986; Townsend and Brown 1980) have shown that there is little or no significant genetic 

variance component. A study by Mizoguchi (1989) found supporting evidence. He noted that 
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when asymmetry covaries between genes, it is due to common environmental factors rather than 

shared genes. Ansorge (2001) also suggested that fluctuating asymmetry could be caused by 

external environmental, as well as by intra-uterine factors (i.e., maternal effects). Although it is 

important to note that some of these studies excluded the third molars. Some researchers (Leamy 

et al. 2005) have found evidence that fluctuating asymmetry may be the result of epistatic genetic 

variance, at least in mice.

2.2.6 Sexual Dimorphism

Sex dimorphism must also be considered if one attempts to use dental variation as the 

basis for biodistance analysis. Scott and Turner (1997) argue that there are low levels of sexual 

dimorphism in human crown dimensions, and this has been supported by numerous studies (Garn 

et al. 1964, 1966; Kieser 1990; Moorrees and Reed 1957; Schwartz and Dean 2005; Scott et al. 

2018). Male teeth tend to be about 2-6% larger than female teeth. However, as with sexual 

dimorphism in general, the amount of sex dimorphism of individual teeth varies among 

populations (Garn et al. 1967; Hanihara 1978; Harris 1998; Kapila et al. 2011; Schwartz and 

Dean 2005; Scott et al. 2018). Use of certain statistical techniques can reduce some potential 

issues caused by sex dimorphism (Harris 1998). Garn et al. (1977) developed a discriminant 

function analysis based on tooth size that could correctly classify the sexes 86% of the time 

(Garn et al. 1977; Scott and Turner 1997). However, the sex classification accuracy of 

discriminant functions utilizing odontometrics tends to be more variable in South Asian 

populations. For example, Acharya and Mainali (2007) found that a discriminant function 

developed from a composite of Nepalese ethnic groups could correctly classify sex only 67.9% 

of the time if only maxillary posterior teeth were used. The accuracy improved to 92.5% when 
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teeth from both the mandible and maxilla were used. In another study, odontometrics from 

individuals of differing ethnic groups, castes, and religions in India were examined. The 

researchers found the classification accuracy for sex was 62.9% when only maxillary teeth were 

used and 75.2% when teeth from both the mandible and maxilla were used (Prabhu and Acharya 

2009).

Generally, canines, especially mandibular canines, exhibit the greatest amount of sexual 

dimorphism (Angadi et al. 2013; Garn et al. 1977; Hosmani et al. 2013; Kapila et al. 2011; 

Kaushal et al. 2004; Reddy et al. 2008; Scott et al. 2018; Simpson 2010). In contrast, the 

maxillary canine is the key tooth for sexual dimorphism among anthropoids. Among the 

important evolutionary changes that distinguish modern human and ancient hominins from other 

primates was the loss of the sectorial honing canine complex (Plavcan 2001; Simpson 2010). In 

most anthropoids, males have substantially longer and more robust canines than females. The 

occlusal relationship between upper canine and the mandibular P3 in anthropoids results in most 

monkeys and apes having ‘knife-like' upper canines. Males bare and utilize these canines in 

displays or aggressive interactions that typically occur as a result of reproductive and territorial 

competitions (Leutenegger and Cheverud 1982; Plavcan 2001; Simpson 2010). Humans fall at 

the lower end of percentages of canine dimorphism among primates and a reduction of canine 

tooth size dimorphism tends to be a characteristic of the hominin clade (Brace 1972; Plavcan 

2012; Wolpoff 1976). It is generally thought that changes in a combination of social and 

behavioral factors including territorial and mating behavior have led to this shift and reduction in 

canine dimorphism (Plavcan 2012; Simpson 2010).

Other variations in human dentition, including hypodontia and hyperdontia, are known to 

be dimorphic. Females have a higher frequency of hypodontia and a lower frequency of
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hyperdontia than males (Brook et al. 2014). The influence of sexual dimorphism on 

morphological traits is debated as it tends to vary by population (Brook et al. 2014; Scott and 

Turner 1997; Stojanowski et al. 2019).

2.3 Biodistance Analysis

Biodistance analysis is a firmly rooted evolutionary and social approach. The differences 

measured through biodistance studies are assumed to be the result of evolutionary mechanisms 

described at the beginning of this chapter. Populations that exchange genetic information will 

become more similar over time phenotypically. Due to the spatial structure and behavior of 

human populations, gene flow occurs more frequently between nearby populations—a 

phenomenon known as isolation-by-distance (Sokal and Wartenberg 1983; Wright 1943, 1946). 

So, if there is gene flow between populations, the populations will become more similar 

genetically. Additionally, if the populations are subject to similar selective pressures or no 

selective pressures and minimal genetic drift, the biological distance between them should be 

small. Lastly, if the populations are large the impact of genetic drift is reduced (Aubry 2009; 

Konigsberg 1990; Scott and Turner 1997). These factors tend to cause high genetic relatedness 

between groups that are geographically close and, in contrast, lead to decreases in genetic 

relatedness among geographically distant groups due to genetic drift. In addition to geographical 

distance and effective population size, physical and cultural barriers may also play roles in 

shaping the nature and velocity of genetic drift (Bernal et al. 2009; Bogin 2018; Hefner et al. 

2016; Pietrusewsky 2008; Weidner 2018).

Large biological distances between populations may occur when the opposite of that 

described above is true. Large biological distances may be the result of mutations that arise when 
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the populations are isolated from one another, are exposed to different selective pressures, and 

the sizes of the populations are small (Aubry 2009; Konigsberg 1990; Mayr 1970; Scott and 

Turner 1997).

One of the main assumptions of biodistance analysis is that the groups share a (distant) 

common ancestor. Another key assumption is that the phenotypic variations of the traits utilized 

for the study are highly heritable (Aubry 2009; Buikstra et al. 1990; Garrett 2015; Hubbard 2012; 

Knudson and Stojanowski 2008; Reed 2006). As part of that assumption, the researchers must 

also assume that the metric and nonmetric data collected are minimally affected by 

environmental influences, or that environmental influences affect the studied populations 

randomly, at least with regard to the primary vectors of intersample biodistance (Garrett 2015; 

Papadopoulos et al. 2014; Reed 2006; Stojanowski and Schillaci 2006).

As partially described in the first section, the genotype to phenotype relationship is much 

more complex than it initially seems. Berry and Berry (1967) discussed how there is an 

epigenetic aspect to phenotypes. The epigenetic aspect means that the development of any 

biological system that is part of the body is not only affected by genetics. It is affected by 

environmental factors as well. Even genetically identical individuals experience phenotypic 

variation, while raised together in the same environmental conditions (Bruijning et al. 2020; Paul 

and Stojanowski 2017; Reed 2006). Grüneberg (1951) demonstrated that the phenotypic 

variation of third molars in mice, varied with in-utero conditions during pregnancy. The 

variation in size of the third molars from mice of the same litter was closer to one another than to 

the variation of size in any of sibling litters. Based on other findings like these (Townsend and 

Brown 1978; Townsend et al. 2012), it is generally accepted that environmental factors can 

influence phenotypic expression. As long as these environmental effects on the traits considered 
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for biodistance analysis are minimal and the traits considered show a higher degree of heritability 

they can still be used for analysis.

In part, due to this concern, considerable research has investigated the heritability and 

epigenetic vulnerability of numerous phenotypic features, including skeletal and dental metric 

and non-metric traits (Buikstra et al. 1990; Garrett 2015; Hubbard 2012; Knudson and 

Stojanowski 2008; Reed 2006). Although there is some disagreement on what the correlations 

between dental phenotypic traits and genetic markers are, most anthropologists still support the 

use of dental variables for biodistance analysis (Galluccio et al. 2012; Hubbard 2012; Larsen 

1997; Paul 2017; Rathmann et al. 2017; Ricaut et al. 2010; Stojanowski et al. 2017).

Biodistance analysis is just one of many ways to research population history and 

migration. Although cultural artifacts and linguistic analysis are useful in this research, it is often 

impossible to differentiate between cultural/linguistic diffusion and actual physical migration. 

This is where isotopic, genetic, and biodistance studies have proven useful (Aubry 2009; Hefner 

et al. 2016). Due to technological advancements, some recent studies have incorporated a type of 

genetic analysis with metric and/or nonmetric data (Corruccini et al. 2002; Herrera et al. 2014; 

Hubbard et al. 2015; Perez et al. 2007; Relethford 2001; Smith et al. 2016). Regardless, in order 

to use dental analysis in this type of research and other research concerning genetics, evolution, 

and biological affinities, it is important to establish the rationale and justification for using 

dentition as a proxy for genetic relationships for the reconstruction of population histories.

2.3.1 A History and Overview of Statistical Approaches (Dentition)

The statistical approaches employed for biodistance analysis have changed considerably 

over the past two centuries. The variations of measured traits (metric) as well as morphological 
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(nonmetric) traits provide the raw material for biodistance analysis. The original statistical 

methods used for biodistance analysis were first employed for the observational studies of 

skeletal morphology, with a central focus on the cranium, and included some metric 

measurements (Aubry 2009; Hefner et al. 2016; Reed 2006). Some of the first modern 

researchers to document dental morphological variants included von Carabelli (1842), Owen 

(1845), Thompson (1903) and Tomes (1914). Most of these early studies were interested in 

establishing taxonomy, but during the early twentieth century the focus shifted towards 

researching the variation within and between populations (Alt et al. 1998; Hefner et al. 2016).

Eduard Muhlreiter is credited with conducting the first human odontometric study in 

1874, which was followed by Flower (1885), Black (1902) and de Terra (1905) (Harris and 

Bailit 1988; Hefner et al. 2016; Kieser 1990; Pilloud and Kenyhercz 2016). The early studies of 

odontometric, tooth morphology, metric skeletal traits, and nonmetric skeletal traits indicated 

differences between groups. Since much of this early research was rooted in racist ideology and 

comparative odontometry inherently yields measures of affinity and dissimilarity, Pearson 

(1926) created a coefficient of racial likeness (CRL) to measure the (dis)similarity between 

different population groups. It was not long before the CRL was criticized. The CRL could not 

account for either correlation or covariation, a single standard deviation was used for all age 

groups, and the number of variables considered was found to exert effects on its calculation 

(Fisher 1936; Hefner et al. 2016; Kieser 1990; Rathmann 2018).

As a consequence of these shortcomings, Mahalanobis (1936) published his 

groundbreaking paper on the ‘generalized distance,' which is now referred to as Mahalanobis 

distance or D2. Although this distance can account for correlation among the variables and tends 

to be quite resilient to minor departures from homogeneity of variance (or covariance), it 
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assumes equal covariance structures across groups. Another drawback is that Mahalanobis 

distance requires no missing data. However, if the number of missing values is small relative to 

the sample, then data may be estimated with a variety of data imputation methods (Alt et al. 

1998; Hefner et al. 2016; Rathmann 2018; Relethford et al. 2016).

Another alternative to the CRL was Penrose's (1952) division of Euclidean distance into 

“size and shape” statistics (Alt et al. 1998; Hefner et al. 2016; Rao 1948; Rathmann 2018; 

Relethford et al. 2016). The shape was used as a measure of variance and the size was the square 

of the mean difference between groups. Although it was adopted into use, it remained 

problematic due to correlation among variables. The statistical differences between the Penrose 

distances were impossible to calculate without confidence intervals for those values (Harris and 

Nweeia 1980; Kieser 1990; Perzigian 1984; Rathmann 2018). Around this period, multiple 

multivariate texts (Anderson 1958; Rao 1952; Sokal and Sneath 1963) were published and 

computers underwent development and advancement (Hefner et al. 2016; Kieser 1990). Also, 

around this time, Moorrees and Reed (1954) proposed changing the definition of crown 

measurements for these studies to the maximum dimensions of tooth crown measurements. This 

continues to be the most commonly used method in odontometry today (Hefner et al. 2016; 

Kieser 1990).

During the 1970s, Mahalanobis's D2 and Penrose's ‘size and shape' were modified so 

that they could account for unequal sample sizes. Mahalanobis's D2 has continued to be modified 

throughout the past several decades so that it can be used for discontinuous data, and to decrease 

effects of unequal sample sizes among other modifications (Alt et al. 1998; Bedrick et al. 2000; 

Konigsberg 1990; Konigsberg et al. 1993; de Leon and Carriere 2005; Nikita 2015; Rathmann 

2018). An example of such a modification is the use of tetrachoric correlations (Tagaya 2019).

37



During the same period Harpending and Ward (1982) developed a model to provide a 

measure of intraregional genetic heterogeneity, but as originally formulated it could only be used 

for allelic frequency data (Aubry 2009; Harpending and Ward 1982; Reddy 2001; Relethford et 

al. 2016). When researchers could use it, the model was useful to make inferences about levels of 

unobserved external gene flow to the populations in the study (Reddy and Reddy 2001; 

Relethford et al. 2016). Relethford and Blangero (1990) later modified the Harpending and Ward 

model so that the phenotypic variation of continuous traits could be measured as a proxy for the 

genetic variability thus aligning it with one of the major assumptions of biodistance analysis 

(Aubry 2009; Reddy and Reddy 2001; Relethford et al. 2016).

The 1970s and 1980s were rife with major changes for biodistance analysis. In addition 

to the aforementioned statistical modifications, researchers began incorporating quantitative and 

population genetic theory into their biodistance studies. Two research approaches emerged: 

‘model-free' and ‘model-bound' (Aubry 2009; Hefner et al. 2016; Rathmann 2018). Model-free 

approaches described patterns of variance in terms of population structure and history. The 

researchers would typically use Mahalanobis's D2 as a distance statistic. The model-bound 

approaches allowed estimation of specific model parameters and were derived directly from 

population genetic theory (Aubry 2009; Rathmann 2018; Relethford et al. 2016; Relethford and 

Lees 1982). The R-matrix method is an example of a model-bound approach, and it can be used 

to estimate a number of specific model parameters for allele/haplotype frequency data 

(Harpending and Jenkins 1973; Relethford et al. 2016), morphometric traits (Relethford et al. 

1997; Relethford and Blangero 1990; Williams-Blangero and Blangero 1989) or nonmetric traits 

(Irish 2010; Konigsberg 2006).
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Traditional methods used for biodistance analysis are unable to detect the presence of 

gene flow. In order to detect gene flow, researchers need additional information pertaining to the 

distribution of the variation (Aubry 2009; Falconer 1981; Relethford et al. 2016; Relethford and 

Blangero 1990). The R-matrix method can account for confounding effects of genetic drift and 

assess levels of extra-local gene flow, but the conditions required for its use are generally not 

met by archaeological samples. The conditions of the R-matrix method include: “(1) the sampled 

groups are from the same time period and could have reasonably exchanged mates; (2) 

heritability estimates of the traits used are available; and (3) the effective population sizes of the 

groups are known or can be at least approximated” (Rathmann 2018:16). However, these 

conditions can be met by studies based on samples obtained from living people.

Another example of the model-bound approach is the isolation-by-distance model (IBD) 

(Hemphill 2013; Irish 2010; Rathmann 2018). It was originally proposed by Wright (1943) and 

according to this model biodistances should be strongly correlated with geography if mobility of 

the populations were low, and in contrast, if mobility was high then biodistances should be 

weakly correlated with geography. Researchers generally test this model by performing Mantel 

tests (Hemphill 2013; Mantel 1967; Rathmann 2018). If the populations being investigated are 

not contemporaneous, then partial Mantel tests must be employed as well to control for the 

matrix that summarizes temporal distances among the populations (Hemphill 2013; Legendre 

2000; Rathmann 2018).

Since statistical methods have greatly advanced over the course of the last century, 

multivariate techniques have become more popular because they permit multiple variables to be 

analyzed at once, which is more efficient and more powerful than univariate analysis. They take 

inter-variable correlations into account when quantifying differences between samples (Harris 
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and Rathbun 1991; Hemphill 2013, 2018a; Kieser 1990). Harris and Bailit (1988) describe how 

univariate analysis proves difficult for the use of multiple comparisons as the number of 

variables in these studies exceed the number of independent measures. Early researchers were 

greatly limited by univariate analysis as they could mainly just evaluate the sample differences 

through Student's t-tests and sometimes ran into the multiple comparisons problem (Kieser 

1990). Additionally univariate significance does not always correlate with multivariate 

significance (Hemphill 2018a). Harris and Bailit (1988) supported the use of principal 

components analysis, a multivariate technique, for biodistance analysis, but struggled with how 

to deal with the first component, which is a general size factor.

Principal components analysis (PCA) can show which components account for what 

proportion of the total variance and have greatly increased the breadth of research that scholars 

are able to conduct (Alt et al. 1998; Howells 1984; Pilloud and Kenyhercz 2016). However, PCA 

works best for understanding the structure of within-group variance and doesn't perform as well 

when looking that the patterns of inter-group variance. Instead, researchers tend to use canonical 

variate analysis and discriminant analysis to assess patterns on intergroup variation and to 

identify biological affinities (George 2020; Hemphill 2018a; Kieser 1990; McKeown and 

Schmidt 2013). Canonical variate analysis (CVA) is a popular method because it generates 

Mahalanobis distances between the studied groups based on the samples' centroids (McKeown 

and Schmidt 2013). Researchers can use the Mahalanobis distances to interpret similarity or 

dissimilarity between the groups they are interested in (McKeown and Schmidt 2013; Hemphill 

2013, 2016, 2018a, 2018b; Hens and Ross 2017; Urbanová and Ross 2016). Furthermore, 

researchers can plot both group and individual mean scores which can visually assist with the 

assessment of variation among the studied groups. However, canonical axes are not truly 
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orthogonal which may cause the distances in canonical plots to be skewed. Another drawback is 

that all of the data needs to attach somewhere, so the visualization may be a tad misleading 

regarding the (dis)similarity of at least one group, sometimes more, to the others in the study. 

Despite this, canonical variate plots are accepted as a useful visual representation of biological 

distances among groups (Hemphill 2013, 2016, 2018a, 2018b; McKeown and Schmidt 2013; 

Urbanová and Ross 2016).

Geometric morphometric analysis (GMA) is also becoming popularized as a way to study 

the variation of tooth shape and co-variation between variables (Al-Shahrani et al. 2014; 

Ghislanzoni et al. 2017; Scott et al. 2018; Seetah et al. 2014; Townsend et al. 2012; Woods et al. 

2017; Wooen et al. 2019). In addition to these methods, multidimensional scaling (Hemphill 

2013), a combination of univariate and multivariate analyses (Falk and Corruccini 1982; Kieser 

1990), and other statistical methods are also commonly employed.

Most of the statistical approaches described here are used for biodistance analysis at a 

group-level of some sorts. Although less popular, there are inter-individual biodistance statistics 

that are sometimes used within a regional or intra-cemetery study. The Gower's similarity 

coefficient can use multiple variable scales (i.e., nominal, ordinal, continuous), different variable 

weights, and allows for missing data (Gower 1971; Rathmann 2018; Stojanowski and Schillaci 

2006).

In sum, there are multiple biodistance statistics available to researchers today. Typically, 

the scale of investigation, the inferential framework (model-free vs. model-bound), the type of 

the dataset (metric vs. nonmetric traits), sample sizes, and the amount of missing data influence 

which statistics should be employed (Hefner et al. 2016; Hemphill 2013; Rathmann 2018).
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2.3.2 Tooth Size Apportionment

During the 1980s, Edward Harris proposed an analysis that would remove the overall 

"size" factor from the measurements as it is ineffective for biological affinity. Overall size is 

different from relative size. The latter is important for tooth size apportionment (Irish and 

Kenyhercz 2013). Tooth size apportionment is an odontometric technique that is employed to 

gauge phenetic affinities among samples from modern humans, past humans, and other hominins 

(Harris and Bailit 1988; Harris and Rathbun 1991; Hemphill et al. 1992; Irish et al. 2016; Irish 

and Grabowski 2021; Irish and Kenyhercz 2013). The technique examines a geometrically scaled 

version of the entire permanent dentition instead of individual mesiodistal (MD) and 

buccolingual (BL) crown dimensions (Hemphill 2012, 2013, 2016, 2018a; Irish et al. 2016). The 

scaled samples are submitted to principal components analysis to produce statistically 

uncorrelated factor scores. Researchers then compare these scores to determine how crown size 

is differentially distributed or apportioned among the tooth rows. It has been effective in 

comparing human individuals and groups (Harris 1997; Harris and Bailit 1988; Harris and 

Rathbun 1991; Hemphill 1991; Hemphill et al. 1992; Irish and Kenyhercz 2013; Lukacs and 

Hemphill 1993). For example, Irish and Kenyhercz (2013) were able to successfully distinguish 

samples from the Maghreb, Egypt, and Nubia. Additionally, Lukacs and Hemphill (1993) were 

not only able to successfully distinguish their samples from India, they also demonstrated that 

differences in tooth size resulting from sex dimorphism does not compromise the use of tooth 

size apportionment when exploring intergroup affinities. Due to the success of tooth size 

apportionment research and the ability to study teeth as well as the benefits of doing so, tooth 

size apportionment is a popular technique used when one is conducting a dental metric 

biodistance analysis.
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Chapter 3: History and Ethnography

3.1 Population History

3.1.1 Background

South Asia is an area with a lengthy history and a rich diversity of cultures and 

languages. Encompassing the modern nation states of Afghanistan, Bangladesh, Bhutan, India, 

the Maldives, Pakistan, Nepal, and Sri Lanka, the region is home to over 1.3 billion people, 

several major religions, and languages belonging to four major language families (Fig. 3.1) 

(Acharya 1988; Thangaraj and Rai 2019). Within this region, India is the largest geographically 

and the most populous (Chaurasia 2017; Davanzo et al. 2011). The country is split into 28 states 

and eight territories, and the population is composed of hundreds if not thousands of tribal and 

non-tribal ethnic groups (Fig. 3.2). According to the 2011 census of India, there are 705 ethnic 

tribal groups that comprise 8.6% of the total population of India. The tribal populations are 

concentrated in central and northeastern India, and it is estimated that a little over a quarter of the 

population identifies as tribal in the latter region (De et al. 2006; Majumdar et al. 1990; 

Majumdar 2001). Northeastern India encompasses eight states: Arunachal Pradesh, Assam, 

Manipur, Meghalaya, Mizoram, Nagaland, Tripura, and Sikkim. The geographic total of this area 

is approximately 8% of the country's total geographical area. Additionally, about 3.76% of the 

country's total population lives in one of the eight states (Dyson 2018; Post and Burling 2017; 

Singh 2018).
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Figure 3.1 Map of Asia with South Asian countries in blue.



Figure 3.2 Map of Indian states and territories with northeastern states in purple.

It is important to note that the term tribal should not be equated with primitive. Groups 

classified as tribes or Scheduled Tribes have that title because their religious patterns, social 
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structures, and value systems developed independently of what is traditionally considered 

“Indian culture” today (Dasgupta 1997; Dyson 2018; Maloney 1974). The term Scheduled 

Tribe is relatively new, as it was created to describe an administrative and legal category in 

India's constitution in 1950. After partition in 1947, India began to prepare an extensive list of 

tribes. The government wanted to determine which groups should receive special educational, 

occupational, and economic privileges, but experienced difficulties in determining which tribes 

should be classified as Scheduled Tribes and failed to define specific criteria met by all 

Scheduled Tribes (Ambagudia 2011; Bal 2000; Burling 2007; Haokip 2012).

3.1.2 Early Population History of the Subcontinent

Based on findings from genetic studies, it is generally agreed that South Asia was a major 

corridor for the dispersal of early anatomically modern humans (AMH) out of Africa as they 

traveled to East Asia, Southeast Asia, and beyond. Most scholars (Dyson 2018; Kivisild et al. 

2003b; Quintana-Murci et al. 2004; Witzel 2019) agree that Homo sapiens began to enter 

through the northwestern portion of the subcontinent at some point(s) in time between 60,000 

and 80,000 years ago, likely closer to 65 kya. However, some (Mellars 2006) suggest it may 

have been closer to 50 kya. One of the problems with an estimation of a later arrival of early 

anatomically modern humans is that a handful of AMH-associated tools have been found that 

some (Haslam et al. 2010; Petraglia et al. 2007) argue antedate the 74 kya explosion of the Mt. 

Toba volcano. If there were any AMH populations, the eruption would have likely been 

devastating to said populations as ash covered large parts of South Asia, and isotopic studies 

suggest that the occurrence of C4 plants increased, river systems changed, and Central India's 

climate became more arid after the Toba eruption (Dyson 2018; Jha et al. 2020; Maloney 1974;
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Thangaraj and Rai 2019; Witzel 2019).

When the first AMH arrived in South Asia, the Indus region's climate was much more 

hospitable than today and supported their hunter-gatherer lifestyle. Their expansion to the south 

and east was slowed by geographical features such as the Thar Desert to the east, the Deccan 

Plateau to the southeast, and the dense jungle in parts of the east (Lightfoot et al. 2020; Maloney 

1974). Geoarchaeological investigations reveal that the climate remained relatively stable until 

the end of the last glacial period, roughly 10 kya. The warmer and wetter climate affected the 

productivity of potential agricultural land positively, which is thought to have contributed to the 

beginnings and expansion of agriculture in the subcontinent. Evidence for some of the earliest 

agricultural activities in South Asia has been found at the Koldihwa and Mahagara sites of the 

Belan valley (c. 7,000 BCE), as well as at Mehrgarh in the Kachhi Plain just west of the Indus 

Valley in Pakistan (Dyson 2018; Fuller 2006, 2011a; Jarrige et al. 2006; Jha et al. 2020; Kenoyer 

2004; Lightfoot et al. 2020).

Based on phylogeographical and archaeological evidence, it is possible that Asian 

cultivated rice (Oryza sativa L.) was domesticated as early as around 10,000 years ago just south 

of the Himalayan range in the area extending from present day eastern and NE India to Nepal, 

Myanmar, Thailand, and China (Choudhury 2013; Kush 1997; Londo et al. 2006). However, the 

dates and locations of rice domestication are debated. Huang et al. (2012) suggest that one sub

species of Oryza sativa, Oryza sativa indica was domesticated in Southeast and South Asia while 

Oryza sativa japonica was domesticated in the Yangtze valley in southern China (Bhattacharya 

2018). Based on linguistic and archaeological evidence, others (Bhattacharya 2018; van Driem 

2011) suggest that it was actually Austroasiatic speakers in SE Asia who originally cultivated 

rice, but acknowledge that there is evidence of wild rice collection dating back to 9,700 BCE in 
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China and evidence of rice domestication dating to around 6,500 BCE. Nevertheless, at least five 

species of wild rice are native to northeastern India, and rice was likely cultivated in the 

Gangetic Basin by 7,000 BCE, but was likely not domesticated until much later like the third 

millennium BCE (Fuller 2006, 2011a; van Driem 2011). Although much remains unknown about 

the early origins of rice in South Asia, it is likely that population movement involving cultivators 

corresponded to strains of rice spreading to and around the subcontinent.

Four primary models have been offered to explain the peopling of the Indian 

subcontinent after the end of the last glacial period. These models are the Long-Standing 

Continuity Model (LSCM), the Early Intrusion Model (EIM), the Out-of-India Model (OIM), 

and the Aryan Invasion Model (AIM) (Table 3.1). The Aryan Invasion Model has tended to be 

the most widely supported, but remains controversial based on archaeological, genetic, and 

dental research (Hemphill 2018a; Hemphill et al. 1991; Kumar 2020; Prasanna 2015; Shug et al. 

2012; Mushrif-Tripathy 2013). Advocates (Cavalli-Sforza et al. 1994; Maloney 1974; Parpola 

1988; Wheeler 1947, 1968) of the Aryan Invasion theory claim that a population from Central 

Asia brought Indo-Aryan languages to South Asia and led to the demise of the Indus Valley 

Civilization during the mid-second millennium BCE. Supporters of AIM debate whether the end 

of the Indus Valley Civilization was due to violence.

The theory and archaeological “evidence” of a violent Aryan-invasion can be strongly 

associated with Ernest Mackay and Mortimer Wheeler. On the basis of very weak and 

circumstantial skeletal evidence, Mackey (1938) suggested that the skeletons found at Mohenjo- 

daro were those of individuals who were killed by an invading group as they were fleeing. 

Wheeler favored the theory that there was a massacre at Mohenjo-daro and accused the Aryans 

of destroying Harappan cities (Patricka 1988; Kumar 2020; Mushrif-Tripathy 2013; Wheeler 
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1947, 1953). Dales (1964) refuted Wheeler's argument as he found evidence that the handful of 

skeletons showed evidence of the wounds healing and they, along with the rest of the 

individuals, possibly died during a severe and sudden flood of the Indus River (Dales 1964; 

Patricka 1988). Such a flood is more in line with other theories which have been attributed to the 

demise of the Indus civilization to environmental factors (Dutt et al. 2019; Kumar 2019, Kumar 

2020; Sarma 1977; Shinde 2016; Singh 1971). Additionally, several of the skeletons are thought 

to be associated with different time periods, including after the abandonment of the city (Dales 

1964; Mushrif-Tripathy 2013).

Hemphill (2018b) also found evidence refuting Wheeler's argument, as his findings 

suggested that the individuals that Mackey (1938) thought were victims had no relation to the 

Late Harappan residents of Mohenjo-daro or to the alleged ‘Aryan Invaders' from southern 

Central Asia. He postulated that the ‘massacre victims' of Mohenjo-daro likely represent the 

interred remains of squatter populations from the west after the decline of the Harappan 

Civilization. Wheeler eventually abandoned the Aryan Invasion theory himself, acknowledging 

that a variety of factors ranging from flooding to tectonic activity to possible Aryan invasions 

may have caused the demise of the Indus civilization (Javonillo 2010; Kumar 2020; Wheeler 

1968).

Furthermore, there is conflicting linguistic evidence and no clear archaeological evidence 

for a violent end to the Indus Valley Civilization (Cavalli-Sforza et al. 1994; Kenoyer 2005; 

Patricka 1988). Some supporters of AIM argue the Vedic texts would be the literature of the 

presumed invaders, while the old Tamil texts would be the literature of the presumed invaded 

people. Several scholars (Danino 2016; Parpola 1988; Wheeler 1947) argue that there is evidence 

of an Aryan-invasion in the Vedic texts, but there is little if any support offered by the old Tamil 
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texts. Additionally, no material evidence, such as burned buildings, weapons, mass internments, 

or armor, that would support the idea of an invasion and massacre has been found in the 

archaeological record (Dales 1964; Danino 2016; Kenoyer 1998; Kumar 2020). Cavalli-Sforza 

and coworkers have gone so far as to suggest that “Aryan” was a term given to reflect a noble or 

upper-caste level social status achieved by the foreign invaders and should not be ascribed to 

their original population (Cavalli-Sforza et al. 1994). The notion of these “Aryan” people and the 

terminology were popularized in large part due to Max Müller and Sir William Jones before him. 

Jones believed that the Aryans were largely based in Iran and attributed the name to the term 

“Arya” which in Sanskrit means “noble” (Lubelsky 2016).

Other researchers (Hiebert 1994; Hiebert and Lamberg-Karlosky 1992) argue that the 

Bactrian-Margianan Archaeological Complex (BMAC) populations were the invaders during the 

second millennium BCE. They believe that burial assemblages found on the Iranian Plateau and 

in Balochistan reflect movements of people from Central Asia to the south. They cite the burial 

type and BMAC-style ceramics and artifacts as evidence. Similar burials were also found on the 

Indus Valley's western border, including burials from Quetta and Sibri, which date to 1900-1700 

BCE (Hiebert 1994; Hiebert and Lamberg-Karlosky 1992). They note historical linguists' 

(Southworth and McAlpin 2014; Winters 1990; Zvelebil 1995) claim that the inhabitants of the 

Iranian Plateau were Elamo-Dravidian speakers. These Elamo-Dravidian languages were 

supposedly replaced by Indo-Iranian languages sometime before 1,500 BCE. So, they conclude 

BMAC is the best-known candidate for the culture responsible for this hypothesized language 

replacement (Hiebert 1994; Hiebert and Lamberg-Karlosky 1992).

For the AIM to be correct, there would need to be a strong biological discontinuity 

between populations that predate the invasion and those that postdate it. Secondly, populations 
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from after the intrusion should be closely affiliated with Central Asian populations. Lastly, any 

affinities with Dravidian speaking castes should be distant, and there should be no biological 

affinities with non-Hindu tribal populations (Hemphill 2013). There is some support for the 

second assumption as data from research conducted with DNA has found greater West and 

Central Asian admixture among contemporary members of high-status castes and Indo-Aryan- 

speaking inhabitants of North India relative to Dravidian speakers of South India. The greater 

admixture among contemporary members of high-status castes and Indo-Aryan speaking 

inhabitants of North India may possibly be attributed to earlier waves of migration or more 

recent movements of pastoral nomads (Cavalli-Sforza et al. 1994; Mukherjee et al. 2001; Thapar 

1975).

Additionally, Cordaux et al. (2004) found that Y chromosome variation is somewhat 

homogeneous among caste groups. The caste groups in their study also clustered more closely 

with each other and with Central Asian groups than with Indian tribal groups or Eurasian 

populations. They argue that this suggests that the Central Asian Y chromosomes spread 

throughout non-tribal populations of the Indian subcontinent in a rather short period of time (the 

past 3,500 years), but the large number of invaders that this would require seems unlikely.

Despite this, Cordaux et al. (2004) suggest that Indian caste paternal lineages are mostly 

descended from the dispersal of Indo-European speaking pastoral groups that migrated from 

Central Asia. However, the results also showed that a large percentage of haplogroups were 

shared between castes and tribal populations, which they argued to suggest that there was 

subsequent admixture between the Indo-European newcomers and local tribal populations. 

However, this may just be a consequence of long-standing gene flow through Hinduization, 

between South Asian tribal and Hindu caste populations.

51



Cordaux et al. (2004) also found that the Y chromosome admixture was somewhat 

limited in North Indian caste groups. However, it was rather pronounced in South Indian caste 

groups as a possible consequence of the common practice of consanguineous marriage. This 

counters their notion that the caste system was not introduced to South India until long after its 

appearance in North India. Although some of these findings may initially appear promising, 

there is more recent evidence that the Indus Civilization ended towards the end of the third 

millennium, so this “invasion” would have occurred too late to have been the cause of its demise 

(Dyson 2018).

Also, in contrast to Cordaux and coworkers (2004), Sahoo and coworkers (2006) argue 

that Y-chromosomal research suggests that many of the Indian caste communities had a South 

Asian origin. As a result, they argue that there were no major population influxes from the 

regions to the north or west of India in association with development and spread of agriculture 

nor the Indo-Aryan language family. Instead, they believe the shared haplogroups between 

Indian and Central Asian populations may be explained by the diffusion of genetics from Indian 

populations northward (Sahoo et al. 2006). Kivisild and coworkers (2003b) also argue that there 

was limited gene flow to the Indian subcontinent after the Holocene. They also suggest that that 

Indian tribal and caste populations had shared genetic history with Pleistocene populations of 

South and West Asian populations.

Additionally, two morphological dental studies (Hemphill 2009, 2013) contradicted these 

assumptions. The post-Harappan Indus Valley samples did not have closer affinities to Central 

Asian samples. Furthermore, they did not exhibit closer affinities to Indo-Aryan-speaking caste 

members than to living Dravidian-speaking caste members (Hemphill 2009). Hemphill (2013) 

also found that there were continuity problems for the prehistoric samples from the Indus Valley, 
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especially the samples that predated the supposed time of the Aryan Invasion. Still further, if the 

distribution of the Y-chromosome haplotype R1, which is found predominantly in the Indus 

Valley, the Upper Doab, and Gangetic plain, is supposed to reflect the genetic “smoking gun” of 

the Indo-Aryan-speaking invaders, then the current Indo-Aryan-speaking populations living in 

the northern half of the Indian subcontinent should also reflect this biological signature. 

However, neither the results obtained through the analysis of dental morphology, nor tooth 

allocation, support this (Gayden et al. 2007; Hemphill 2013; Mukherjee et al. 2001; Thanseem et 

al. 2006). Furthermore, Sahoo and coworkers (2006) argued that if the source of haplotype R1 in 

India was from Central Asia, as Cordaux et al. (2004) claimed, then Northwest Indian 

populations would have higher percentages of other Central Asian derived NRY haplogroups 

such as C3, DE, G, N, and O. However, they do not.

Proponents of the Early Intrusion Model (Hemphill 2009, 2013; Quintana-Murci et al. 

2004; Witzel 1999) claim that prior to the fifth millennium BCE, inhabitants of much of the 

Indian subcontinent were speakers of proto-Mundic languages. During the fifth millennium 

BCE, proto-Elamo-Dravidian-speakers are thought to have entered the subcontinent from the 

northwest, likely southwestern Iran (McAlpin 1981; Southworth and McAlpin 2014). These 

speakers then spread to the east and southwest. However, the genetic impact of this population 

incursion movement was muted in South Asian populations due to the development of 

sophisticated agricultural technology and subsequently the large size of the indigenous South 

Asian gene pool by the mid-second millennium BCE (Hemphill 2013).

Supporters of this model cite the genetically similar early cultigens at Mehrgarh, Djeitun, 

and in the Zagros region as evidence for early West Eurasian influence on South Asia during 

Neolithic times (Barnabas et al. 1996). Plant genetic studies show a substantial similarity 
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between the domesticated cereals (barley, einkorn, and emmer wheat) recovered from Mehrgarh 

(c. 8,000 BCE) and those recovered from Djeitun (c. 6,000 BCE) (Fuller 2006). In turn, the 

cereals recovered from Djeitun are genetically similar to those found at the sites in the Zagros 

Mountains (Jarmo and Ali Kosh) (Constantini 1984; Fuller 2006, 2011a; Harris 1996; Jarrige 

2004; Jha et al. 2020; Maloney 1974; Prance and Nesbitt 2005).

Some (McAlpin 1974, 1981) believe that the proto-Elamo-Dravidian language was the 

precursor to the Dravidian languages spoken in South India today, including Kannada, 

Malayalam, Tamil, and Telugu. Although the majority of Dravidian speakers are in southern 

India and parts of eastern India today, there are some notable exceptions. Examples include 

Brahui in southern Baluchistan and the Gondi and Manda languages in Central India. It is 

possible that these more northerly located Dravidian language pockets represent survivors from 

an earlier time when Dravidian was more widespread, prior to the entrance of Indo-Aryan 

languages (Kivisild et al. 2003a, 2003b; Trautmann 1993; Winters 1990). Southworth (2011) 

describes the linguistic evidence supporting the idea that there was once a Dravidian-speaking 

presence in western India. Some of these western areas include the states of Gujarat and 

Maharashtra in India and Sindh in Pakistan. These states are now occupied by speakers of Indo

Aryan languages (Southworth 2005a, 2005b, 2011). The evidence includes lexical and structural 

borrowing from Dravidian into the Indo-Aryan languages of those states. In addition, there are 

Dravidian place-name suffixes in Maharashtra, Gujarat, and Sindh, and Dravidian-derived names 

of rivers, flora, and fauna in some of these regions (Southworth 1979, 2005b, 2011; Winters 

1990). Some (Hock 2000; Witzel 2001) also claim that there is evidence in the Rig Veda which, 

although written in an Indo-European language (Vedic Sanskrit), suggests linguistic influences 

from Dravidian speakers.
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Advocates of the third model, the Out-of-India model (Misra 1992), claim that Indo

Aryan languages emerged in the Indian subcontinent then spread to Central Asia, West Asia, and 

Europe during the fourth millennium BCE. There is evidence that the influence of the ceramic 

industries of the Indus Valley and Baluchistan region extended beyond the Hindu Kush as early 

as the fourth millennium BCE, but there is no proof of an accompanying Indo-Aryan language 

expansion. There is also little to no evidence suggesting that the population of the Indus 

Civilization were speaking Indo-Aryan languages. Instead, it is thought they might have been 

speakers of a Dravidian language (Winters 2012). The Out-of-India model has been widely 

debunked (Hemphill 2013; Hiebert and Lamberg-Karlosky 1992; Jarrige 2004).

Lastly, advocates of the Long-Standing Continuity model (Kennedy et al. 1984; Sahoo et 

al. 2006; Sengupta et al. 2006) believe that the Hindu Kush and Himalayan Mountains acted as 

natural barriers that limited subsequent and significant introduction of new genes into the 

subcontinent. They also maintain that there was little migration within the subcontinent since the 

end of the Pleistocene. If this is the case, then populations closest temporally and geographically 

should be the most similar genetically and phenotypically as biological affinities ought to reflect 

isolation by distance (Hemphill 2013; Krithika et al. 2006). Although they both were formidable 

barriers that may have slowed human migration at various points, they did not halt migration into 

the area completely after the Pleistocene. The Hindu Kush has been a crossroads for the regions 

of South and Central Asia and of historic-era Persia. It has also been used as a pathway from the 

Ural Steppe area as it bypasses the West Central Asian deserts and has been a favored area for 

transhumance (Di Cristofaro et al. 2013). Although the travelers would have encountered the 

Hindu Kush prior to entering the Indus Valley, this route provided access to the rich Helmand 

Valley (where Kabul is located) from the west. The Himalayas became a significant contact zone 

55



for three religions (Islam, Hinduism, and Buddhism), as well as a contact zone for two language 

families: Indo-European and Tibeto-Burman (Breckle and Rafiqpoor 2020; Gayden et al. 2009). 

The role played by the Himalayas will be discussed further in the next section.

Table 3.1 Summary of the Four Primary Models for the peopling of the Indian subcontinent.

Time period Language 
family

Movement
Area(s) of the 

continent 
primarily 
affected

Long-Standing 
Continuity 

Model (LSCM)

End of 
Pleistocene 

through Historic 
period

NA

Limited 
movement from 
elsewhere into 

the subcontinent 
due to 

geographic 
barriers

South Asia

Early Intrusion 
Model (EIM)

Fifth millennium
BCE

proto-Elamo- 
Dravidian

Northwest of 
South Asia 

(likely 
southwestern 
Iran) to South 

Asia

West-Central 
and South India

Out-of-India 
Model (OIM)

Fourth 
millennium BCE Indo-Aryan India to Central 

Asia

Central Asia, 
West Asia, and 

Europe

Aryan Invasion 
Model (AIM)

Second 
millennium BCE

Indo-Aryan 
Elamo- 

Dravidian

Central Asia to 
South Asia Indus Valley

3.1.3 Tibeto-Burman Population History of the Northeast

Due to the convergence of many different languages, genetics, and religion, India's

northeastern region is sometimes referred to as a melting pot (Jacquesson and van Breugel 2017; 
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Langstieh et al. 2004). It is interposed between the mountains of the Eastern Himalayas to the 

north, and the Bay of Bengal to the south, and it has served as a corridor for migratory 

populations traveling from neighboring areas like Tibet, as well as Southeast Asia and East Asia 

(Arunkumar et al. 2015; Bhattacharya 2016a; Jacquesson and van Breugel 2017; Langstieh et al. 

2004; Reddy et al. 2007). The Naga Hills trend north-to-south, thereby making transhumance in 

that direction easy, but difficult from east-to-west (Coupe 2021; Gayden et al. 2007; Gogoi 2020; 

Hazarika 2016; Humtsoe 2019).

Bhattacharya (2016a, 2016b) argues that the Tibeto-Burman language group likely 

originated in the southwestern Sichuan province of China. However, there is some debate 

concerning the timeline and spread of Sino-Tibetan languages (van Driem 2011). In one 

scenario, there was a split of Sino-Tibetan speakers around 7,000 BCE in Sichuan, although 

some think it may have been as early as 11,500 BCE (van Driem 2005; Zhang et al. 2019). One 

group traveled northeast and eventually became the speakers of Sinitic languages. The other 

traveled south and west towards the eastern Tibetan plateau and eventually northeast India and 

became Tibeto-Burman speakers (Bhattacharya 2016a, 2016b, 2018; Hazarika 2006; Zhang et al. 

2019). As a part of this theory, Bhattacharya (2018) states that Tibeto-Burman speakers may 

have reached India as early as 7,000-6,000 BCE, and the speakers of Bodic languages reached 

India much later, around 3,000 BCE. A second scenario supported by van Driem (2011) 

postulates that Tibeto-Burman speakers emerged from a core linguistic area based in Sichuan, 

but argues that the population did not migrate until the late Neolithic or Bronze Age. A third 

scenario, favored by Bellwood (2006), argues that Sino-Tibetan originated in an area stretching 

along the Yellow River in the northeast and extending into Shãnxī in the southwest. From there, 

people spread languages of this linguistic stock west into Gansu and southwest into the
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Himalayas and beyond. He argues that this spread accompanied agricultural dispersal (millet) 

during the Neolithic Period (7,000-3,500 BCE) (Bellwood 2006; van Driem 2011; Kenoyer 

2004; Misra 2001). A few Bayesian phylogenetic studies of Sino-Tibetans (Sagart et al. 2019; 

Zhang et al. 2019), based on linguistic data, support the idea that ancestral Sino-Tibetans were 

millet farmers in northern China and their estimations for the Sino-Tibetan divergence fall within 

the Neolithic period (Zhang et al. 2020). However, the dates of the spread of millet from China 

remains debated (Stevens et al. 2016). A lot of research indicates that millet didn't reach the 

Tibetan plateau or northeastern India until after the Neolithic period (Stevens et al. 2016; 

Wagner et al. 2013). However, other research suggests that some species of millet originated 

elsewhere in South Asia, including India (Fuller 2011b; Weber and Fuller 2008).

Sagart et al. (2019) also disagree with Sichuan as the Lrheimat for millet cultivation, as 

they claim that there is not sufficient archaeological evidence to support it. Similar to Bellwood 

(2006), they support a more northernly origin along the lower portion of the Yellow River, but 

their timeline of migration and linguistic spread most closely resembles that of the second 

scenario, as they do not believe that the speakers reached India until after 1,450 BCE. Another 

less likely scenario suggests that Sino-Tibetan languages originated in northeast India 

approximately 9,000 years ago. It is the least popular theory (Blench and Post 2013; Zhang et al. 

2019).

Although there is a debate on the origin and timing, most genetic and linguistic studies 

agree that Tibeto-Burman speakers originated in China and migrated southwards into northeast 

India during the Neolithic period (roughly 7,050 - 2,600 BCE) (Bhattacharya 2016b; Sagart et 

al. 2019; Wen et al. 2004; Zhang et al. 2019). One genetic structure study found that south 

Tibeto-Burman populations, excluding Tibetans, were shaped by two main groups: northern 
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immigrants and native southerners (Wen et al. 2004). A different study supports Sichuan as the 

place of origin as it found that the genetic differences between southern Han, northern Han, 

Tibetans, and Mandarin speakers support the known history of cultural and linguistic expansion 

in China (van Driem 2006). Additionally, many sub-haplogroups found in East Asian 

populations have been found in Tibeto-Burman groups. This corresponds with conclusions from 

another genetic study which found populations in Tibet and Nepal to be characterized by high 

frequencies of markers for specific haplogroups commonly found in East Asian populations 

(Cordaux et al. 2003; Gayden et al. 2007). Himalayan populations were found to have 

haplogroups that suggested gene flow from Mongolia and Siberia, which would weaken the 

argument that the Tibetan Plateau was a formidable barrier, at least from the north (Gayden et al. 

2007). Chattopadhyay (1990) suggests that some tribes, like the Magars and Tsongs, may have 

originated in Mongolia and entered India by crossing the Himalayas during the prehistoric 

period, but there isn't much genetic evidence to support this assertion. This possible migration 

from Mongolia and Siberia would weaken the argument that the Ürheimat for Tibeto-Burman 

languages is to be found in Sichuan.

Bhattacharya (2016b) states that there is archaeological evidence for Neolithic sites 

spanning between 7,000 and 2,000 BCE in northeastern India, in addition to other sites 

throughout South Asia. Flat axes and shouldered celts have been found in Assam, the Garo Hills, 

the Khasi Hills, the Jaintia Hills, the Naga Hills, Manipur, Arunachal Pradesh, and to a lesser 

extent in Mizoram and Tripura. Pottery and potsherds have not been found at as many sites, but 

are still spread throughout the region. Both the stone tools and potsherds are similar to others 

found at Neolithic sites in Kashmir, such as Burzahom, and throughout southwest China and 

Southeast Asia (Bhat and Dubey 2019; Bhattacharya 2016a, 2016b, 2018; Biswakarma 2018;
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Dikshit and Hazarika 2012; van Driem 2006; Hazarika 2006; Misra 2001).

Linguists argue that there was a Bodic language expansion during the Neolithic, and 

palaeoecological evidence suggests that large-scale deforestation of the Tibetan Plateau occurred 

during that time. Van Driem (2011) argues that palaeobotanical evidence suggests that the 

deforestation was caused by human settlers, thereby offering support for this theory. However, 

such evidence cannot conclusively answer whether these populations were speakers of a Bodic 

language. Based on this migration theory, as well as the ones discussed earlier, it appears that the 

Himalayas were not a formidable barrier to those approaching from the north. However, there is 

some evidence to suggest that they were to those traveling east-to-west or west-to-east. There is a 

linguistic and genetic divide between the Tibeto-Burman speaking populations to the east and the 

Indo-European populations to the west. While there are some Sino-Tibetan speakers to the west, 

such as the Baltis in Gilgit-Baltistan (Pakistan) and Ladakh (India), most Tibeto-Burman 

speakers within the subcontinent are found along the fringe of the Himalayas in the northeast. 

Although there are some Austro-Asiatic speakers in the northeast, like the Khasi people, groups 

that speak Austro-Asiatic languages are scattered mainly towards eastern and central regions of 

South Asia (Caplow 2016; Dryland and Syed 2011; van Driem 2006, 2011; Gayden et al. 2009; 

Gupta 2014; Qamar et al. 2002; Reddy et al. 2007; Siddiqui 1991).

In addition to the population movements of prehistory, there has been some population 

movement into northeast India from surrounding countries and regions, including Burma, 

Thailand, Tibet, West Bengal, and Bangladesh in recent history (Bhanjdeo 2015). There was 

little population movement into the region from other parts of India, with the exception of the 

relocation of Tea Garden populations under the British Raj during the nineteenth century. The 

relocation of the population groups from elsewhere in India during this time likely had little to 
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virtually no impact on admixture with the Tibeto-Burman speaking groups as these migratory 

people were generally from Austro-Asiatic and Dravidian speaking groups. However, there were 

also some migrants from Nepal, who may have contributed a bit to the admixture (Akhtar and 

Wei 2021; Debnath 2015; Prokop 2018; Sarkar 2017).

The area remained largely independent being ruled by various tribal kingdoms, some of 

which successfully consolidated parts of the region during their rule. Some of these kingdoms 

included the Ahoms (1228-1826), the Kacharis (1515-1818), the Jaintias (1500 - 1835), and the 

Manipur Kings (1714-1949). Due to this relative independence and geographic isolation from 

other parts of India, the social structures, value systems, and religious activities developed 

independently of mainstream Indian society, and are therefore considered outside of it (Bhanjdeo 

2015; Maloney 1974). The demographics of the migratory populations began to shift with the 

introduction of British colonialism in 1826. Although populations from these countries moved 

into the region prior to colonization, there were upticks in influxes from Myanmar, Bhutan, 

Nepal, and Bangladesh (Bhanjdeo 2015; Goswami 2007; Haokip 2012).

3.2 The Rong

3.2.1 The People and Habitation

The Rong are commonly known as “Lepchas” to many outside groups, but they address 

themselves as Mutanchi, Rongpa, Mutanchi-Rong, or Rong, which is how they will be referred to 

here. The terms Rong and Rongpa mean ‘ravine-folk' or the ‘dwellers of the valley' (Aden 2016; 

Arora 2007; Lepcha 2017; Lepcha and Aden 2016; Molommu 2018; Nirash 1982; Plaisier 2007; 

Tamsang 2008; Thapa et al. 2016). Mutanchi means ‘mother's love' (Chattopadhyay 1990). The 

Rong also call themselves Mutanchi RongKup Rumkup, which means ‘Beloved children of 

Mother Nature and God' (Biswakarma 2018; Lepcha 2017; Nirash 1982). Chattopadhyay (1990) 
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suggests that the term Rong may be derived from Mawrong, who ruled the ancient Kirat 

kingdoms along the Himalayas to the northeast, including in Nepal. Some (Plaisier 2007; Nirash 

1982; Stocks 2001) believe that their Nepali neighbors are the ones who dubbed them Lepcha. 

They argue that the word Lap-cha is derived from the words Lap and Cha. In a Parbatiya dialect 

of Nepalese, Lap means' speech' and cha means ‘unintelligible,' thus referring to the Rong with 

contempt for not speaking the Parbatiya language (Biswakarma 2018; Chattopadhyay 1990; 

Lepcha 2017; Nirash 1982; Stocks 2001). Another theory is that the name Lepcha was derived 

from the Rong word Lapchao which means “a resting or waiting place on the wayside or a place 

on the wayside where stones are heaped up as signpost to direct travelers” (Lepcha 2017:23). It 

is thought that when the Nepalese arrived and asked the Rong about their identity, the Rong 

replied Lapchao, assuming they were asking about the place as a result of a misunderstanding 

due to the language barrier. So, the Nepalis may have mispronounced the word and addressed the 

Rong as Lapcha and Lepche, which eventually turned into Lepcha (Lepcha 2017).

The Rong define themselves by their association with the mountain Kanchenjunga, which 

is sacred to them. The mountain is regarded as the source of their knowledge, culture, religion, 

wealth, resources, and place of their origin (Arora 2007; Chattopadhyay 1990). The Rong were 

once the numerically dominant ethnic group of Sikkim, which is located in the Himalayas 

between Nepal and Bhutan (Gupta 1975). The Rong are considered the oldest continuously 

resident tribe in Sikkim. Although other tribes, like the Bhutia, also have large communities in 

Sikkim, the majority of residents in Sikkim have Nepali ancestry (Arora 2007; Bhutia 2015; 

Gorer 1938; Levy 2017; Pradhan and Badola 2008; Subba 2008). It should be noted that the 

Nepalese are an amalgamation of ethnic groups. Similar to India, the languages spoken in Nepal 

generally belong to one of the four language families: Indo-European, Sino-Tibetan, Austro-

62



Asiatic, and Dravidian. Among the Nepalese, many of the Indo-European family of languages 

mainly comprise Indo-Aryan group of languages. Nearly eighty percent of Nepalese populations 

speak Indo-European languages. Tibeto-Burman languages are spoken by fewer people than 

speakers of Indo-European languages, but it consists of the largest number of languages (about 

57 languages) (Turin and Yadava 2007; Yadava 2007).

Today the Rong population is estimated to be around 75,000-80,000 individuals, and 

many are concentrated in the Dzongu area, which is located about 75 km north of Gangtok. 

However, there are Rong populations throughout the states of Sikkim and West Bengal, as well 

as parts of neighboring eastern Nepal and Bhutan (Chattopadhyay 1990; Lepcha 2017; Levy 

2017).

Traditionally their settlements or busties (singular busti) were rather remote, which led to 

limited contact with the outside world. The houses were spread out along steep hill slopes and 

separated by farms. Only a few locations, like areas surrounding monasteries, had clusters of 

houses. Even today, some Rong villages consist of only up to fifteen or twenty houses scattered 

throughout a forest or across a hillside (Nirash 1982; Sharma 2013). Due to the distances 

between the houses and some of the fields, the Rong frequently built field houses similar to their 

primary dwellings, except that these only had one room (Nirash 1982; Sharma 2013).

Traditionally, Rong houses were rectangular and raised about four feet above the ground 

as they were set upon stone piles. A ladder was required to reach the entrance, and animals were 

sometimes kept underneath the house at night. They were built to face north, with the entrance to 

the east. Most had two rooms and a porch along one or two sides. One room was for ceremonial 

purposes, while the other was used as both kitchen and living quarters (Bhasin et al. 1986; Sarkar 

1995; Sharma 2013).
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The early Rong used wood and bamboo to build their houses. They also used thatched 

roofs, but recently the government has been promoting the use of corrugated sheets as roofing 

material to provide greater protection from the rain. The Rong have also been experimenting the 

past few decades with different building materials, including concrete, tin, and metal (Bhasin et 

al. 1986; Roshina 1991; Sarkar 1995; Sharma 2013). Traditional houses were always single

storied structures with a hearth in the center, around which the family slept (Nirash 1982). The 

houses were typically furnished rather minimally, often lacking any furniture (Sharma 2013).

3.2.2 Kinship and Marriage Systems

The Rong are composed of four core communities, each of which is further subdivided 

into many patrilineal clans (Campbell 1869; Lepcha 2017; Lepcha and Aden 2016). The four 

communities are based on regional identities, but remain similar linguistically and culturally. The 

Rong of Sikkim are known as the Renjyongmoo. The Rong living in Kalimpong, Darjeeling, 

Mirik, Kurseong, and Siliguri are known as Damsangmoo. The Rong of Ilam in eastern Nepal 

are known as Ilammoo, while the Rong who live in Bhutan are known as Promoo (Biswakarma 

2018; Plaisier 2007).

The patrilineal clans are known as putso. Upon birth, a Rong child immediately inherits 

the putso affiliation of their father. Each putso is protected by certain spirits (Ghosal 1990; 

Sharma 2013; Thapa 2002; Thapa et al. 2016). There is generally no animosity between putsos, 

but the guardian deity of numerically larger putso is considered to be stronger. Today, all putso 

have equal status, but that was not always the case. Although the exact origins and hierarchy of 

the putso are murky, it is known that the Amzad putso, whose members made agricultural 

implements, was considered lower in the social hierarchy than the other putso (Sharma 2013;
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Thapa 2002). Gorer (1938) suggests the putso were created to prevent incest and decrease 

fighting over competition for marriage partners. Today, the putso is generally used to regulate 

marriage, for the Rong practice putso exogamy (Biswakarma 2018; Lepcha and Aden 2016).

The exact number of putso remains unknown and the number in different areas vary. In 

the Kalimpong district, over forty different clans were counted, but in the Lingtem area of 

Sikkim, there were only fourteen. However, all fourteen were distinct from the forty in 

Kalimpong (Lepcha and Aden 2016). Many of the clan names end in ‘moo,' like Tasso-moo and 

Karthakmoo. In the Rong language ‘moo' means ‘dwellers of,' so they their clan names usually 

translates to ‘dwellers of some village or locality in Sikkim, Darjeeling, and Nepal region, often 

thought to refer to the locality or village where they originally came from. The suffix ‘putso' is 

also sometimes found added to the clan's name (Lepcha and Aden 2016).

A Rong is not allowed to marry any blood relations up to nine generations on his father's 

side and up to four generations on his mother's side, as kinship on the mother's side is less 

important for dictating avoidance of certain marriages. This system is thought to have been 

created in part to discourage cross-cousin marriages. Although they have traditionally been 

considered patrilineal, in the past, in some areas, the daughters sometimes used to follow the 

mother's lineage based on which daughters would inherit the property belonging to the mother 

(Lepcha and Aden 2016). In most areas all Rong children are considered members of their 

father's putso. Patrilineal tendencies tend to be stronger, and exceptions weaker, among the Rong 

when they live in areas with mixed populations (Lepcha and Aden 2016).

Marriage among the Rong is seen as a transaction and unification between two kin- 

groups involving both families, not just the bride and groom—a social contract that endures past 

the death of either spouse (Fudong 2018; Lepcha and Aden 2016; Sharma 2013). It is typical for 
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the Rong to marry someone from another busti. Although the Rong are patrilocal, brides do not 

have to say goodbye to their busti or families forever. A married daughter is allowed to maintain 

her relationship with her busti through frequent visits to her family (Sharma 2013).

There are several types of marriage among the Rong. The first is known as Khampo, and 

this is when a bride price is paid after the marriage takes place. It is still practiced among the 

Rong today. Increasingly common is Lungtitchihit, which is marriage by elopement. Another 

type is known as marriage by service (i.e., bride service). It was once a common traditional 

aspect of marriage, but extremely rare today. In such cases, the prospective son-in-law traveled 

to his future in-laws' busti and worked for them in an effort to lower the bride price. He could be 

in this position for several years before his future father-in-law released him of his duties. 

Sometimes the bride and groom had to continue to live with the bride's family for a while after 

marriage until the father-in-law declared that the prospective groom had repaid the parents 

enough through his labor (Fudong 2018; Lepcha and Aden 2016; Sharma 2013). Another type of 

marriage that used to be common was Achoktying. In this type of marriage, the various rituals 

took place over the course of three years. Nowadays, the timing between the rituals has been 

reduced. Lastly, the fifth type of marriage is marriage by sibling exchange. It is when two 

opposite sex siblings of one family marry two opposite sex siblings of another family to equalize 

the bride price. It is not very common today nor was it common in the past (Lepcha and Aden 

20016; Sharma 2013).

Traditionally, parents did not play a large role in finding matches for their children. 

Instead, the matches were typically made by a go-between (bek-bo) who was commonly an 

uncle, as the father's brother is highly respected within the family, as is the father's father. 

However, the bride's father or uncle could also initiate discussions about prospective marriages.
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All negotiations concerning the marriage would be primarily handled through the uncles or 

fathers. Although they do not have an active role in searching for a potential spouse, both the 

parents and the prospective bride or groom often gave their input before final decisions were 

made (Biswakarma 2018; Gorer 1938; Sharma 2013).

The groom's family is expected to visit the bride's family with customary gifts, which are 

then claimed by the parents (Biswakarma 2018; Fudong 2018; Nirash 1982). For the Rong, the 

bride price is considered a reward for the hardship of raising a daughter. It traditionally consisted 

of two baskets of chee (a drink made from fermented millet), one foreleg of a bull, one hind leg 

of a bull with a tail still attached, a specific piece of apparel for the mother, a body wrapping 

shawl for the father, and additional presents for the maternal and paternal aunts, uncles, and 

brothers. Today, the non-parental family members' gifts tend to be a lump sum of rupees 

(Fudong 2018).

If a man dies before fathering children, one of his brothers, typically a younger unmarried 

one, is supposed to marry his widow to maintain the brother's lineage. Traditionally, men were 

also allowed to marry their wife's sister(s), usually their younger unmarried sister(s). This is 

generally practiced if the first wife is sterile or has passed away (Biswakarma 2018; Sharma 

2013). Consequently, the Rong traditionally practiced both the levirate and the sororate, which 

they refer to as Angnop. Angnop is essentially nonexistent today (Lepcha and Aden 2016).

Monogamy tends to be practiced today, but in the past, the Rong were sometimes 

polygamous. The number of wives a man took typically varied with the number of fields for 

which he was responsible (Mukhopadhyay and Mukhopadhyay 2001; Nirash 1982). Some 

(Lepcha and Aden 2016) believe that Christian influences may have contributed to the 

mainstreaming of monogamy. If the husband passed away, another member of her husband's 
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putso was offered for remarriage. On the rare occasion that a bride remarried outside of the 

husband's putso, a price had to be paid to the husband's family to make up for the bride price 

they initially paid (Sharma 2013).

Traditionally, a man possessed sexual rights with his elder brother's wife. The brother 

could be his real brother or a classificatory brother. The Rong consider all cousins on the father's 

side brothers and sisters and address their cousins' parents as the brothers and sisters-in-law of 

their father (Sharma 2013). A man also had the potential to inherit the wives of his younger 

uncles from both mother's and father's sides, as well as the younger sisters of his wife (Gorer 

1938; Sharma 2013). Polyandry was sometimes practiced in the past, but is unheard of in recent 

history and today. Consanguineous marriages are not considered socially acceptable among the 

Rong, and divorce is very rare (Biswakarma 2018; Mukhopadhyay and Mukhopadhyay 2001; 

Thapa 2002).

Patrilineality extends to the rules of inheritance. Traditionally, the Rong had no wills as 

individuals simply made a verbal declaration regarding their property and debts prior to death. 

Among the Rong it was traditional that property be divided evenly among sons, but the eldest 

son tended to inherit the house. If there were no sons, then the property was inherited by a 

patrilineal nephew. Female inheritance is more the exception than the rule. Daughters cannot 

inherit land, but sometimes parents gave their daughter livestock to raise when she was young, 

and which she was expected to care for. Daughters save the earnings from their livestock and 

they can eventually inherit these animals (Sharma 2013).
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3.2.3 Language and Religion

Today, many Rong speak and write Nepali; however, they have their own language, 

known as Rongring. The written script is known as Raong Choming (Biswakarma 2018). It is 

classified as a member of the Bodish-Himalayish branch of the Tibeto-Burman language family 

(Forrest 1962; Krithika et al. 2006; Mukhopadhyay and Mukhopadhyay 2001; Plaisier 2015; 

Thapa 2002). Tibeto-Burman is, in turn, considered a subfamily within the Sino-Tibetan 

language family (Chattopadhyay 1990; LaPolla 2001). Rongring has similarities with the 

Chungli dialect spoken by the Ao Naga, Adi, a language spoken in Arunachal Pradesh, and 

Rawang and Jingpaw spoken in parts of Myanmar (Devy 2017).

The origins of the language and script are the subject of debate. There is a legend that 

claims their script was introduced by five scholars: Targe, Sayung, Gole, Thonggrab, and 

Duringale, and that the alphabet was invented by Thling Menselong, who was an administrator to 

first Rong King (Chattopadhyay 1990; Devy 2017; Nirash 1982). Another theory is that Chador 

Namgyal, the third ruler of the Namgyal Dynasty, invented the Rong script (Devy 2017; Nirash 

1982). Nirash (1982) proposed that the script was invented even earlier by the Rong, but was 

substantially improved by Namgyal during the seventeenth century. Early Rong writing also 

shows influence from China as some of the script was written in vertical columns from right to 

left (Chattopadhyay 1990). Unfortunately, it is thought that the early manuscripts with the 

writings devised by the five scholars were destroyed by Tibetans in their attempt to spread 

Buddhism (Chattopadhyay 1990).

Today, the majority of Rong practice a Tibetan form of Lamaist Buddhism, while some 

have converted to Christianity (Lepcha 2017; Mukhopadhyay and Mukhopadhyay 2001; Thapa 

et al. 2016). Buddhism is very strongly rooted in northern Sikkim. The introduction of Buddhism 
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to Sikkim can be traced to three lamas of the Nyingma Buddhist tradition. They helped establish 

the Namgyal dynasty in Sikkim during the seventeenth century and actively worked to spread 

Buddhism among the Rong (Bentley 2007; Bhutia 2015; Sharma 2013). The influx of Tibetan 

with their increased efforts and pressure to convert the populace of Sikkim, coupled with the 

influence of the local aristocracy, is thought to have contributed to the switch of Rong speakers 

to Nepali (Devy 2017; Sharma 2013). In addition, Rongring was not taught in public schools 

until Sikkim became a state of India in 1975. As a result of these factors, the number of Rongring 

speakers among the Rong declined (Bhasin et al. 1986; Devy 2017; Nirash 1982; Sharma 2013).

Christianity was brought to the region by missionaries during the late eighteenth and 

nineteenth centuries. As the Buddhists did before them, Christian missionaries learned the Rong 

script and language in an attempt to better facilitate conversions. The first books printed in Rong 

were the Gospels in 1945 and Genesis in 1949 (Torri 2011). Christian Rong can be found living 

in the Darjeeling District of West Bengal and the South District of Sikkim. Christianity has 

struggled to spread northwards and has not yet been successful in North Sikkim (Sharma 2013; 

Torri 2011).

Originally, the Rong practiced an animistic religion known as Munism and 

Boongthingism. It survives among few of the Rong today (Biswakarma 2018; Lepcha 2017; 

Torri 2011). The Rong who practice Munism believe there are good spirits (Rum) and evil spirits 

(Mung). Shamans and priests, known as mun and bongthing, are believed to have the power to 

heal illness and thwart the evil spirits, among other powers. Traditionally, it was the mun and 

bongthing who performed the rites dealing with life events, religious ceremonies, and seasonal 

festivals (Bhutia 2015; Lepcha 2017; Sharma 2013; Torri 2011).
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3.2.4 Economy

The Rong were traditionally hunter-gatherers, who eventually adopted shifting (swidden) 

cultivation and then settled horticulture during the eighteenth century (Bhasin et al. 1986; Bhutia 

2015; Biswakarma 2018; Chetri and Rai 2018; Mukhopadhyay and Mukhopadhyay 2001; Nirash 

1982; Ogura 2015). Today the majority of Rong are settled agriculturalists, but some are 

employed by the government, schools, the private service sector, various businesses, and other 

non-agricultural occupations in Gangtok and to a lesser extent in Mangan (Bentley 2007; Bhasin 

et al. 1986; Bhutia 2015; Biswakarma 2018; Mukhopadhyay and Mukhopadhyay 2001; Sharma 

2013; Thapa et al. 2016).

Some of the main crops grown by the Rong include rice, millet, broomstick grass, 

buckwheat, wheat, pulses, ginger, chilies, cardamom, and maize (Biswakarma 2018; 

Chattopadhyay 1990; Nirash 1982; Ogura 2015). Cardamom, which was introduced to the Rong 

at the beginning of the twentieth century, is their main cash crop (Bhasin et al. 1986; 

Chattopadhyay 1990). Sometimes they employ Nepali laborers to work for them as many Nepali 

laborers travel to Sikkim, specifically Dzongu in North-Central Sikkim, to find work in the 

cardamom trade (Chattopadhyay 1990).

Prior to the introduction of cardamom to the region, the Rong had to travel far distances 

in order to trade and barter. They often traveled to the Tibetan border to trade minor forest 

produce and any surplus crop for Tibetan dyes and other goods (Sharma 2013). Shops opened in 

Mangan after the introduction and established success of cardamom. The other crops grown by 

the Rong are usually for consumption; however, some have started selling their agricultural 

products at nearby markets in recent years (Lepcha 2017; Sharma 2013).

The division of labor is by age and sex, but the divisions are not rigid. Domestic work 
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like cooking, cleaning, and washing is typically done by female members of the family. 

However, men sometimes cook and provide wood and water for the household. Likewise, both 

males and females perform agricultural work and care for domesticated animals. These animals 

may include cows, bullocks, goats, chickens, and pigs (Lepcha 2017; Sharma 2013). Plowing is 

the only agricultural task performed exclusively by men. Traditionally, men have also 

supplemented food resources through hunting and fishing. Children of both sexes begin to help 

with the workload when they are around 10 years of age (Sharma 2013).

3.2.5 History of Migration

The origin of the Rong is unknown and widely disputed as the group has no oral history 

of migration (Sharma 2013). Some historians and anthropologists believe the Rong may have 

Naga origins which could also explain some of the linguistic similarities with Ao Nagas (Devy 

2017; Ghosal 1990; Nirash 1982; Saha and Tay 1990; Sharma 2013). Although the Khasis-- 

being Austro-Asiatic speakers are unlikely to have an Lrheimat similar to those of Tibeto- 

Burman speakers, some still (Sharma 2013) suggest the Rong have possible relation to the 

Khasis in Meghalaya, while Bhasin and coworkers (1986) claimed that they show similarities 

with the Bhutia.

Based on genetic, linguistic, and archaeological evidence, scholars have suggested that 

the Rong owe their ultimate origins to populations of Mongolia (Chattopadhyay 1990), China 

(Bhutia 2015; Molommu 2016; Nirash 1982), Japan (Bhutia 2015; Miki et al. 1960; Nirash 

1982), Myanmar (Bhutia 2015; Chemjong 1966; Molommu 2016; White 1909), or Tibet (Bhutia 

2015; Krithika et al. 2006; Kumar 1980; Molommu 2016; Mukhopadhyay 1982; Nirash 1982;
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Stocks 1927). Some of the hypothesized routes include traveling through the Himalayas or along 

the Assam hills, Nepal hills, and Khasi hills (Bhutia 2015).

Just as there is debate over their location of origin, the timing of their migration is also 

debated. Chattopadhyay (1990) believes they traveled to Sikkim around the same time other 

groups like the Mon and Pa groups did at the beginning of the Christian era. Although many 

researchers (Bhutia 2015) accept that the Rong were the first emigrants to Sikkim, 

Chattopadhyay (1990) believes that Sikkim might have been inhabited by three tribes (the 

Naong, Chang, and Mon) prior to the arrival of the Rong, but does not provide much evidence 

for this theory. He suggests that once the Rong arrived, the members of these tribes were 

absorbed by the Rong (Chattopadhyay 1990).

The Rong believe they are from the land they inhabit now, particularly from near Mt. 

Kanchenjunga (Aden 2016; Chattopadhyay 1990; Ghosal 1990; Molommu 2016). One version of 

the Rong creation account states that the first Rong man (Fudongthing) and woman 

(Nazongnyoo) were made from the pure snow from the top of Mt. Kanchanjunga. Another 

version claims that the first man and woman became the snow at the top of Mt. Kanchanjunga 

(Aden 2016; Biswakarma 2018; Devy 2017).

There is some evidence to suggest that the Rong may have been in Sikkim as early as 330 

B.C. during the time of the Mauryan Empire (Dewan 2012; Lepcha 2017). They were definitely 

established in the region by the eighth century, as recorded in Bhutia history (Lepcha 2017; 

Sharma 2013). Many of the mountains, rivers, and other geographic features have Rong names, 

strengthening the claim of an early arrival and lengthy duration of the Rong in the region 

(Sharma 2013).
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3.2.6 Recent History

Little is known about the history of the Rong before 700 CE, which is when the Rong 

were first recorded as present in Mayal Lyang Valley (Fudong 2018). There are records of Rong 

Kings in Sikkim between 739 and 1211 CE. However, it is possible that they had contact with 

other groups prior to the Bhutia invasion during the twelfth century CE (Nirash 1982). When the 

Bhutia, from Tibet, invaded, they gained political control quickly and did not release their 

political hold until they installed the Namgyal dynasty in 1642 (Bhutia 2015). As a result of this 

Tibetan invasion, the Rong faced subjugation, and many converted to Buddhism. In addition, 

many Rong were confined in the Dezongu reserve area and lost contact with the outside world.

The British arrived during the nineteenth century and acquired control of this region in 

1861. Sikkim essentially became a de facto protectorate of British India from this time until 

independence in 1947. However, it continued its protectorate status under India's sphere of 

influence until 1975, when it formally became a state within the nation of India (Arora 2007; 

Bhasin et al. 1986; Haokip 2012). Along with the British came Nepalese traders and migrants. 

The British encouraged more Nepalese migrants to make the journey to Sikkim as more workers 

were needed for agricultural labor and construction. As a result, the number of Nepalese 

migrants increased five-fold between 1891 and 1931. The Bhutia rulers in these areas were 

unable to control the Nepali settlers as they had the Rong. To counteract the growing number of 

Nepalese, the Bhutias encouraged Tibetans to migrate to Sikkim. Due to these migrations, the 

populations of both Bhutias and Nepalese grew to outnumber the Rong population. Over the 

years, despite some political tension, there has been cultural mixture, especially between the 

Rong and Bhutias (Arora 2007; Devy 2017).
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Under British rule, the political institution of the Rong consisted of Mandalship (local 

governance). In 1925, the Rong formed the Indigenous Lepcha Association, later renamed the 

Indigenous Lepcha Tribal Association. It was created to preserve the culture, language, and 

traditions of the Rong, while also serving as a medium between the Rong and the government. 

After independence, a main focus of the association became the reintroduction of the Rong 

language and literature into school curriculum and official use (Biswarkama 2018; Molommu 

2015).

3.3 The A'chik

3.3.1 The People and Habitation

The A'chik are a major tribe in northeastern India. They are also known for being a 

matrilineal and matrilocal society. They are commonly known as the Garos or Garo to many 

outside groups, but refer to themselves as A'chik-Mande (hill man), Mande (the man), and A'chik 

(hill man), which is how they will be referred to here (Bal 2000; Brighenti 2017; Burling 2003, 

2007; Hasan 2008; Krithika et al. 2006; Marsing 2019; Marak 2017, 2018). The A'chik never 

refer to themselves as Garos, except when conversing with outsiders, and the term is considered 

by them to be somewhat derogatory. So, it may be surmised that the name Garo was given to 

them (Kumar et al. 2019).

There are several theories concerning the origin of the name Garo. It is possible that the 

name ‘Garo' was originally ‘Gara,' which referred to a tribe that inhabited the southern part of 

the Garo Hills. The name may have changed over time and been extended to all of the 

inhabitants of the Garo Hills uplands (Kumar et al. 2019; Marsing 2019; Sangma 2002). Another 

theory for the origin of the term ‘Garo' is that the original leader of the tribe who led the 
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migration from Tibet was named Garu, and the name became associated with his followers, 

eventually becoming Garos. Although unlikely, it has also been proposed that the word Garo is a 

derivative form of the word ‘Dhura,' which a former name for the town of Tura, the largest town 

in the Garo Hills (Bal and Chambugong 2014; Borah 2020; Kumar et al. 2019; de Maaker 2014; 

Marsing 2019; Sangma 2002). Another interpretation is that the term Garo is derived from the 

Bodo word ‘Gao,' which means “to separate.” The Bodos and Dismaas believe the Garo were 

once affiliated with them, but have since separated (Borah 2020).

There are approximately 850,000 A'chik, two-thirds of which live in the state of 

Meghalaya. They are also found in the states of Assam, Nagaland, Tripura, and West Bengal, as 

well as in several northern Bangladesh districts (Bal and Chambugong 2014; Dhongde 1999; de 

Maaker 2013; Marak 2017, 2018). The highest concentration of the A'chik in Meghalaya may be 

found in the Garo Hills District in the western part of the state. Other large populations live in 

the Goalpara, Karbi Anglong, and Kamrup districts of Assam (Hasan 2008). The A'chik 

community is defined in terms of descent and language into twelve subgroups: the Ambeng, 

Atong, A'wé or Akawé, Chisak, Matchi, Gara-Ganching, Dual or Matchi-Dual, Matabeng or 

Matjangchi, the Megam, Koch or Kotchu or Kochus, Chibok, and Ruga. These divisions are 

mainly linguistic, with mostly minimal but tangible cultural differences (Bal and Chambugong 

2014; Borah 2020; Hasan 2008; Marak 2017; Marsing 2019; Nanke 1967; Sangma 2002). The 

frequency of intermarriage among members of these 12 groups is unknown, but it is permissible 

as most A'chik are encouraged to marry an A'chik (Ahmed et al. 2010).

Village groups are usually defined by location, such as the hill A'chik and the plains 

A'chik. A'chik villages are usually located near a stream or waterfall, as freshwater is essential 

(Bal and Chambugong 2014; Borah 2020; Hasan 2008). Today most A'chik households have 
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wells, especially those of the plains A'chik. The entrance to many of the villages is through 

groves of many fruit trees and plants. It is customary to plant fruit trees, especially jack fruit, 

when establishing a village (Borah 2020; Hasan 2008). Houses in hill A'chik villages are 

arranged without a definite plan around an open space, known as atela, where many social and 

religious ceremonies are performed. At one end of the atela is the Nokpante, where the bachelors 

sleep at night and where elders meet (Borah 2020; Hasan 2008). Traditionally, granaries are 

located in another corner of the village, and each family possesses at least one. This village 

layout has begun to change due to socio-cultural changes associated with the post-independence 

period and the creation of Meghalaya as a state (in 1972) (Borah 2020).

The hill A'chik traditionally built their houses on bamboo platforms with bamboo walls 

and matting. Hill A'chik houses tended to be very long and narrow with no windows. Thatches 

were usually used for roofing, but occasionally cane was used. The plains A'chik did not reside 

within large settlements, and pile houses were typical in villages within two kilometers of the 

hill. In more recent decades, most A'chik have adopted plinth houses or modified versions of 

plinth houses (Borah 2020; Hasan 2008; Nakane 1967).

The household typically consists of a nuclear family that includes any of the wife's 

unmarried siblings. As the family grows, the daughter designated as the heir, her husband, and 

their children live there as well. However, the heiress and her family usually live in a small 

adjacent hut, so long as her parents are still alive. Nevertheless, her family is still considered part 

of the same domestic and economic unit as the main house's inhabitants (Nakane 1967).
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3.3.2 Kinship and Marriage Systems

The A'chik are among the few matrilineal groups in the Indian subcontinent (Bal 2000; 

Marak 2017). Matriliny extends to four realms: descent, inheritance, residence, and succession. 

When children are born, they are automatically a part of their mother's clan or ma'chong (Borah 

2020; Muhammed et al. 2011; Nakane 1967). The ma'chong is a group defined by matrilineal 

descent. Members of the same ma'chong residing in the same village and related by blood are 

considered the same subgroup known as mahari. A mahari is the smallest unit of the A'chik clan 

organization and is the common property-holding family unit (Borah 2020; Nakane 1967). The 

largest unit of clan organization is known as a chatchi. In addition to the geographic 

segmentation of the A'chik (those who reside in the hills and those who reside in the plains), the 

A'chik were traditionally divided into three exogamous septs: Momin, Marak, and Sangma 

(Kumar et al. 2019). The two main septs were the Sangma and Marak. The third and smallest 

sept, Momin, was thought to be due to marriage between A'chik men and non-A'chik women. 

However, today six exogamous sects or clans are recognized: Sangma, Marak, Momin, Shira, 

Areng, and Machong (Borah 2020; Kumar et al. 2019; Nakane 1967).

They are exogamous on a clan level, meaning that a Sangma cannot marry another 

Sangma or a Momin another Momin. An individual who is Marak may marry only into their 

father's side if the individual is of another clan like a Sangma. A marriage between members of 

the same mahari is not allowed either, as it is considered incestuous (Jalil and Oakkas 2012; 

Kumar et al. 2019; Muhammed et al. 2011). Symmetrical cross-cousin marriage is permitted and 

frequently occurs within the A'chik community. This is partly because an A'chik village 

theoretically consists of the members of the two localized lineages, headed by the headman of 

the village and his wife, respectively (Das 2013, 2019; Nakane 1967). Consequently, A'chik 
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usually marry their father's sister's daughter or mother's brother's daughter. The former is 

preferred because an A'chik father prefers his son to marry someone who has inherited the 

property of his original mahari. In contrast, parallel cousin marriage, like the daughter of one's 

father's brother or daughter of mother's sister, is prohibited as it would usually mean one would 

be marrying within one's clan (Fig. 3.3) (Das 2013, 2019; Jalil and Oakkas 2012).

The A'chik mainly practice monogamy, but polygamy is not unheard of among non

Christian A'chik. When polygamy occurs, it usually involves the marriage of a man with his 

wife's younger sisters (i.e., the sororate), and he must marry the older sister first. Before taking a 

second wife, he is supposed to obtain permission from his first wife. If he fails to do this, then his 

wife is entitled to compensation. Three is generally considered to be the maximum acceptable 

number of wives. The marriage proposal must come from the woman, but she has to enlist the 

help of male relatives to arrange the alliance (Borah 2020; Das 2013; Kumar et al. 2019). Unlike 

in other parts of India, there is no bride price system or dowry among the A'chik. However, 

sometimes a groom may receive gifts from his parents, including a sword, shield and spear, and a 

cow or bull. When the husband dies, the widow is expected to return any gifts his parents gave 

him, along with a present that traditionally included two gongs, two cloths, and a sword (Borah 

2020; Kumar et al. 2019).

There are several types of traditional marriages among the A'chik. The first is a dosia 

marriage in which is the most common. The word dosia means ‘killing a fowl,' so this marriage 

ceremony involves the sacrifice of two small chickens and a rooster. After the fowl are 

sacrificed, they are cooked and eaten by all community members who also celebrate by drinking 

chu (rice beer). The meat from the rooster is only eaten by members of the community not 

related to the newlyweds and the entrails are used to predict the success of the marriage (Costa 
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1954; Das 2013; Marak 2014). Another type of marriage is tunapa marriage, when a man enters 

the house of the woman at night to lie down with her. He usually has the woman's consent as 

well as her parents, but the rest of the mahari does not know. Once the mahari realizes what is 

going on and they do not forbid it or drive the man away from the house within a month, the 

union is legalized, and the man and woman are considered to be married (Costa 1954; Das 2013; 

Marak 2014). A third type of marriage is nokpante gaa which is similar to tunapa marriage, 

except the woman takes the initiative and visits the bachelor's house. If he consents, he will go 

home with her the next day and they are considered married, but if the woman acted without the 

consent of her parents and relatives they can object to the union and drive the male away without 

any social ramifications for either the male or female (Costa 1954). Chadila is a custom where a 

woman cooks rice and curry, which she then sends to a man in the bachelor's dormitory. If he 

eats it, he consents to marriage and arrangements begin (Marak 2014). Nokrom sika, which is 

also known as marriage by capture, is a type of forced marriage, typically orchestrated by the 

bride's side. The groom is captured by the bride's family and brought to the family home. If he 

eventually consents to the match, then there is a dosia marriage (Das 2013; Marak 2014). 

Another possible route for marriage is chasenga in which a girl goes to live in the house of the 

boy's parents to help with chores. If the boy and the parents agree to a match, then a marriage is 

arranged (Marak 2014). Sometimes individuals elope, which is known as seka. This union can be 

dissolved if they are separated shortly after.
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Figure 3.3 Depiction of which cousins the daughter and son of the central pairing are eligible to marry based on their 
ma’chong. The colors represent the three traditional septs. Each individual is colored by the ma’chong they were born into. Colors 
of the married males were not changed to their wife’s ma’chong color to make it easier to differentiate familial relationships.



Since the A'chik are matrilocal, the husband is supposed to relocate to his wife's house 

upon marriage. He thus becomes a member of the wife's mahari (Jalil and Oakkas 2012). When 

a spouse dies, a replacement is sought from the same mahari, usually the husband's nephew. If 

the widow is too old for the nephew, he is usually presented the opportunity to marry both her 

and her daughter. If the nephew or someone else is not available from that mahari, the widow 

needs permission from the mahari to marry someone from a different mahari (Borah 2020; 

Goswami and Majumdar 1964; Marak 2014). Lastly, divorce is rare, but not unheard of. Any 

request for a divorce must be discussed with and approved by the village council (Borah 2020; 

Kumar et al. 2019). Nowadays adultery may be grounds for a divorce, but in the past if a married 

woman had an affair, both she and the man she cheated with would be killed (Costa 1954).

Females in A'chik society hold a lot of power in both public and private realms. 

Although men yield very little power over the family, they still dominate roles in public spheres, 

which is similar to the Khasis (Bal 2000; Borah 2020; Brighenti 2017; Muhammed et al. 2011; 

Nongbri 2017; Sangma 2002). Within the family, the mother holds the authority and controls the 

finances. If she has passed, then the eldest living female or the eldest daughter becomes head of 

the family (Borah 2020; Jalil and Oakkas 2012).

There are two types of property among A'chik: private and public. The homestead, 

furniture, weapons, tools, clothes, and jewelry are considered private property. Public property 

includes sites where jhum (shifting) cultivation is practiced. Public property cannot be inherited, 

as A'chik inhabitants are all entitled to cultivate the amount of land they need. Until recently, 

this meant that private property was passed from mothers to daughters. Usually, one daughter, 

often the oldest or the youngest, was appointed as the main beneficiary. In contrast, the sons 

traditionally received none of their mother's property as upon marriage he becomes a member of 
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his bride's family (Bal 2000; Das 2019; Jalil and Oakkas 2012; Marak 2017). However, 

nowadays, it has become more common to divide the property among all of the children (Bal 

2000).

3.3.3 Language and Religion

The A'chik call their language Mande Kuik or Achik Kusik, meaning the language of the 

men or hill men respectively. To others it is known as Garo. Garo belongs to a subgroup of the 

Sino-Tibetan languages, sometimes known as the Barish, Bodo-Garo, or Bodo-Koch branch. 

Most of the dialects are mutually intelligible (Brighenti 2017; Burling 2003; Post and Burling 

2017). It is often noted for its similarities to Tibetan (Sangma 2002). Today, most of these 

dialects have few remaining speakers and standard Garo (from the A'we subgroup) is what is 

taught in their schools and is the most widely spoken form of the language (Burling 2003, 2007; 

Dhongde 1999; de Maaker 2013; van Breugel 2014). It is believed that the original written 

language was lost at some point during migration, and then the language remained unwritten 

until the nineteenth century. During the early part of the nineteenth century, some British 

officials wrote down lists of some of the words. However, it was not formerly written until later 

in the century when Baptist missionaries arrived and transcribed the language. They initially 

opted for a Bengali script, but then due to the convenience of the Roman script, they developed a 

Roman script for the language (Borah 2020; Jacquesson and van Bruegel 2017).

The Baptist missionaries set up schools, so Christianity spread through education as 

Baptist missionaries had a rule in which the A'chik had to be baptized after a few years of 

education. The A'chik originally practiced Sonsareks, an animistic faith whose practitioners 

believed in the existence of a spirit in humans that travels to an appointed place after death until
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it is re-incarnated (Borah 2020; de Maaker 2013, 2014; Marak 2017; Marsing 2019). By the turn 

of the century, the majority of A'chik had been converted to Christianity, and those who practice 

Songsareks constitute a very small minority of the tribe (de Maaker 2013, 2014; Marsing 2019). 

Although the A'chik were introduced to Christianity over 200 years ago, it had little impact on 

most A'chik and A'chik towns until the decades following World War II. The 2011 Census of 

India estimates that about 95% of the A'chik of Meghalaya have been converted to Christianity 

(Brighenti 2017). However, there is a revival process underway that hopes to re-establish and 

safeguard the traditional beliefs and practices of Songsarek (Borah 2020).

3.3.4 Economy

The principal occupation of the A'chik is agriculture, but there are differences in mode, 

economy, and society related to the type of land they occupy (Kumar et al. 2019; de Maaker 

2014; Nakane 1967; Sangma 2002). The A'chik who occupy the hills tend to practice shifting 

cultivation, specifically jhum cultivation, whereas those who occupy lower areas such as the 

plains of the Brahmaputra Valley tend to be cultivators of wet rice fields (Kumar et al. 2019; 

Nakane 1967; Sangma 2002). In recent decades, hill A'chik households have begun shifting to 

plow cultivation (Bal 2000). The main products of the shifting cultivation are cotton and hill rice. 

However, they also plant various other crops, such as rice, maize, millet, tobacco, yams, gourds, 

and beans, indigo, chilies, melons, sweet potatoes, and ginger (Kumar et al. 2019; Sangma 

2002). Some of these, such as maize, potatoes, tobacco, and cotton, are grown as cash crops.

Both women and men participate in agricultural labor; however, there is a division of 

labor based on sex (Marsing 2019). Men fish, hunt, and work more with crops, while women are 
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responsible for such tasks as cooking, caring for livestock, looking after the children and the 

elderly, and collecting drinking water (Borah 2020).

3.3.5 History of Migration

Relatively little is known about history of the A'chik outside of their oral tradition (Rao 

1981; Bal 2000). Many scholars (Bal 2000; Hussain 1992; Langstieh et al. 2004; Marsing 2019; 

Mukherjee et al. 1987) believe the A'chik migrated to their current locations from a homeland in 

Tibet hundreds of years ago during the prehistoric period. Some oral traditions concerning their 

origin supports the notion that their ancestors inhabited a province of Tibet called Torua. It is 

thought that under the leadership of two chiefs, Jappa-Jalimpa and Sukpa-Bongipa, they traveled 

south in two groups. One group is said to have traveled through the Himalayas, crossed the 

Nathu La Pass, settled in the present-day Kalimpong, and then migrated to and settled in Cooch 

Behar located in far northern West Bengal to the west of Meghalaya. Eventually, the king of 

Cooch Behar drove the A'chik out. Some are thought to have traveled to Bangladesh while 

others traveled east and settled in Dhubri, Assam. However, they faced further persecution from 

the king there and decided to cross the Brahmaputra River. Afterward, the group was joined by 

the second group that had traveled along the Brahmaputra River, led by Dikgil Nongsting. This 

combined group continued to travel west and south, splintering off and establishing settlements 

in Assam and Meghalaya (Bal 2000; Borah 2020; Burling 2007; Marak 2017; Marsing 2019; 

Sangma 2002).

Although there have been many archaeological investigations into the Neolithic 

occupation of the northeastern hill states, including Assam and Meghalaya, the archaeological 

investigation of the migration history of specific tribal groups, such as the A'chik has been 
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limited (Allchin and Allchin 1968; van Driem 1998; Jamir 2012; Medhi 1990; Roy 1981; 

Sharma 2010). While there is no written history to support any migration theories, there are 

A'chik villages along the migration routes reported through oral tradition, ranging from Cooch 

Behar in the west to the Bhutan Border, Assam, and Meghalaya. There are also some A'chik 

villages along the banks of the Brahmaputra River from the border of Arunachal Pradesh down 

to the plains of Assam (Borah 2020). Although this narrative is generally accepted, some (Das 

and Islam 2005; Prokop and Suliga 2013) believe they migrated from China due to their physical 

features and language.

3.3.6 Recent History

Although the subgroups of the A'chik tend to get along well today, it is thought that there 

was inter-clan warfare among them in the past, and the villages on the plains were generally the 

targets of raids (Borah 2020; Marsing 2019; Sangma, 2002). The A'chik played an insignificant 

part in the future of the Brahmaputra Valley during Moghul times for few Moghul writings 

describe the relationship between the Moghuls and the A'chik. Moghul rulers allowed Hindu 

estate holders with Chowdhury titles to govern the area as they pleased. As a result, some of 

these estate holders conquered and annexed lowland A'chik villages. This caused a chronic 

enmity between the A'chik and their neighboring Moghul and Binji zamindars (Borah 2020; 

Sangma 2002).

The A'chik remained independent until 1765, when the Moghul Emperor Shah Alam II 

granted the Diwani of 1765 to the British. During the early nineteenth century, the British began 

expanding into the plains of Assam, encompassing the hills today known as the Garo Hills. 

Initially, British expansion into the area was slow as they thought this region offered little in 
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terms of revenue and malaria posed a serious threat. However, the British kept an eye on the 

violent conflict that continued to occur between the A'chik and surrounding groups. In 1866, the 

British decided to take action. They categorized the A'chik as a tribe and granted the Garo Hills 

a special administrative status (Bal and Chambugong 2014; de Maaker 2014).

In the ensuing decades, the British set up various administrations and local officers to 

collect revenue from the A'chik and adjudicate disputes. However, the A'chik tribal leaders did 

not like the British administration and were upset by the increasing presence and development of 

other groups on the plains. The A'chik wanted to maintain a system of self-governing 

institutions. During the early twentieth century in response to these desires, some measures of 

regional autonomy in the administration of hill areas and provisions were made in the Sixth 

Schedule to protect those residing in hill areas from encroaching groups. In 1952, the 

administration of Garo Hills district (later to become a part of Meghalaya State in 1972) came 

under the Autonomous Council's jurisdiction (Borah 2020).
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Chapter 4: Description of Materials and Methods

4.1 Materials

This study focused on diestone dental casts obtained from volunteers of the A'chik and 

Rong populations taken by Dr. Brian Hemphill's research team between January and June 2015 

attending post-secondary schools by Rong children in central and southern Sikkim and by 

A'chik students in the Garo region of western Meghalaya (Figs. 4.1, 4.2). The IRB at UAF 

approved the project for dental cast collection (No. 638167-2), as did the Ethics Review Board of 

Northeast Hills University, Shillong. The researchers obtained permission from the Ministry of 

Culture in Sikkim and legally responsible educational authorities in Meghalaya and Assam.

Non-random sampling occurred as the individuals suitable for the study were limited.

Since tooth crowns are fully formed at the time of eruption, this study sought to include 

individuals whose oral cavities only included elements of the permanent dentition. The ideal 

candidates for this study did not possess any deciduous teeth. Most humans have lost their 

deciduous teeth by the age of thirteen. However, sometimes long-standing undernutrition delays 

aspects of dental development, including the eruption of both deciduous and permanent teeth into 

the oral cavity (Alvarez and Navia 1989; Sheetal et al. 2013; Suri et al. 2004; White et al. 2012). 

Something that needed to be kept in mind while choosing a sample is the fact that as an 

individual ages, the likelihood of dental pathologies, such as dental caries, periodontal disease, 

and wear to the occlusal surfaces of the tooth crown also increases (Littleton 2017; Lopez et al. 

2017; Lukacs and Hemphill 1993; Miyazaki et al. 1989; Schierz et al. 2014). Therefore, young 

adults with recently, but fully erupted teeth served as the ideal sample age to examine. As a 

result, the targeted individuals who formed the basis of the sampling frame for dental casting 

tended to be between the ages of 15 and 21 years of age.
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Participants were recruited voluntarily with the help of school officials. The participants 

were also selected by availability, once the possible participants were narrowed down to 

individuals of the appropriate age range. Both volunteers and school officials were asked to 

identify: a) whether near-relatives also attend the school; and 2) the ethnic affinity of the 

potential volunteer's parents and grandparents. In the former case, “near-relatives” were 

conceptualized as second-degree relatives. In cases where second-order relatives were identified, 

one member of that cluster was chosen at random to represent that congeries of individuals. In 

the case of the latter, only those individuals whose parents and grandparents also belonged to the 

same ethnic group as the volunteer were considered candidates for casting.

Roughly equal numbers of males and females were recruited to limit potential sex bias in 

the sample. The participant information sheets indicate that the A'chik sample consists of 89 

males and 77 females, while the Rong sample consists of 88 males and 97 females. However, 

inspection of the actual number of individuals represented by dental casts is as follows: 87 

A'chik males, 76 A'chik females, 87 Rong males, and 71 Rong females. Based on years of data 

collection and analysis, Dr. Hemphill has ascertained that samples in excess of 40 males and 40 

females provide a statistically stable sample that may be tested for significant similarities and 

differences (Lukacs and Hemphill 1993). Other studies (Smith et al. 2007; Springate 2012) 

support this conclusion as they have found that samples should be no smaller than 25-30 to 

reduce sampling bias and errors. The number of individuals in the sample permits robust 

statistical analysis. A non-personally identifying number (NPIN) was assigned to each 

individual. Individuals recorded with numbers 01-100 were males while those with NPINs 

between 101-199 were females. Although physical personal information data collection sheets 

were used, this numbering system was a way to ensure: 1) anonymity of the subject, and 2) that 

89



if something happened to the sheets, the sex of the individual corresponding to the data could 

still be identified.

Dr. Hemphill and his team supplied the participants with toothbrushes and toothpaste to 

ensure a freshly clean oral cavity and to remove any excess food residue on the teeth. The team 

employed alginate and plastic impression trays to produce molds for the permanent upper 

(maxillary) and lower (mandibular) dental arcades. Once the alginate was set, high-quality 

diestone was poured into the molds to produce the permanent casts. Impression trays filled with 

diestone material were agitated manually for five minutes to minimize the occurrence of bubble 

defects. Participating researchers all wore latex gloves while collecting the dental casts. The 

impression trays were cleaned manually and treated with disinfectant and antivirucides before 

being reused. Dental casts are not harmful to the volunteer. They are also relatively inexpensive, 

relatively quick to collect, and easy to store and transport, which makes them ideal for dental 

studies, especially when collected under field conditions (Hubbard et al. 2015; Nandini et al. 

2008).

4.1.1 Exclusions

In addition to excluding the third molars from this study, it was sometimes necessary to 

exclude additional teeth from a dental cast. Due to the nature of casting procedures, some dental 

casts had excessive molding, which prohibited the observation of a particular measurement on a 

specific tooth. Such “overcasting” was especially common among the mandibular incisors where 

lip defects rendered labio-lingual dimensions unmeasurable. Similarly, due to restrictions with 

the molds, use of improperly sized impression trays, or overgrowth of gingival tissue, second 

molars were sometimes not fully cast. In such instances, the presence of the second molars was 
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ignored as it is not possible to study them. Other teeth that were not completely erupted or 

obscured by crowding, malformed teeth (such as conical teeth), and any teeth missing due to 

hypodontia were likewise excluded from the analysis (Bernal et al. 2009).

Figure 4.1 Map of sampling localities for the Rong.
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Figure 4.2 Map of sampling localities for the A’chik.



4.2 Methods

4.2.1 Data Collection

After the completion of casting in these regions, the dental casts were transported to the 

Centre for South Asian Dental Research (CSADR), which is housed within UAF's Dental 

Anthropology and Osteology Laboratory. Hillson-Fitzgerald paleo-tech dental calipers were used 

to collect metric measurements from all 28 permanent tooth types (I1 - M2) from both dental 

arches (excluding the third molars) to the nearest 0.1 mm (Bernal et al. 2009; Lukacs and 

Hemphill 1993; Irish et al. 2016; Matsumura and Dodo 2009; Pickering et al. 2012; Piloud and 

Larsen 2011; Prabhu and Acharya 2009; Rectenwald 2012; Selinsky 2009).

The measurements taken of each of the 28 teeth were the maximum mesiodistal (MD) 

and buccolingual (BL) diameters. For the mesiodistal measurements, the needle-point dental 

calipers were held parallel to the occlusal and labial surfaces to measure the maximum length of 

the mesiodistal crown axis (Hemphill 2009, 2013, 2016, 2018a, 2018b; Hemphill et al. 1991; 

Hillson 1996; Khamis et al. 2014; Moorrees et al. 1957; Moorrees and Reed 1964; Pilloud and 

Kenyhercz 2016; Prabhu and Acharya 2009; Pressley 2002; Scherer 2004; Weidner 2018; White 

et al. 2012; Zorba et al. 2011). This is demonstrated by Figure 4.3. The buccolingual 

measurement was the maximum distance between the buccal and lingual crown surfaces on an 

axis perpendicular to the mesiodistal crown diameter (Buikstra and Ubelaker 1994; Hemphill 

2009; 2013; 2016; 2018; Hemphill et al. 1991; Hill 2004; Hillson 1996; Khamis et al. 2014; 

Kieser 1990; Mayhall 1992; Moorrees et al. 1957; Moorrees and Reed 1964; Pilloud and 

Kenyhercz 2016; Prabhu and Acharya 2009; Pressley 2002; Weidner 2018; White et al. 2012; 

Zorba et al. 2011). This is also demonstrated by Figure 4.3.
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4.3 Statistical Analysis

4.3.1 Inter- and Intra-observer reliability

Prior to measuring the dental casts from the population groups, measurements of the 

mesiodistal (MD) and buccolingual (BL) diameters were taken on randomly selected casts from 

a sample group (i.e., Hmars) already measured by Hemphill in order to provide a basis for an 

evaluation of accuracy and to ensure that there was an acceptable rate of inter-observer 

repeatability (Irish et al. 2016; Lukacs and Hemphill 1993). The latter was determined with two 

statistical procedures: 1) Levene's test of homogeneity of variance and 2) paired-samples t-tests 

(Prabhu and Acharya 2009; Pressley 2002; Scherer 2004; Weidner 2018). If the former revealed 

that a substantial number of variables differed significantly in variance heterogeneity, then
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Welch's (1947) t-test for unequal variances was employed. If the latter yielded a substantial 

number of significant differences, then the absolute difference between observer means was 

examined. If the mean difference between observers fell below the level of instrument sensitivity 

(<0.1 mm), such differences were considered irrelevant (Hemphill 2018a). Once it was 

established that the collection methods were sound, this sample was remeasured after completing 

the data collection to test intra-observer repeatability. This assessment was determined with the 

same two statistical procedures employed for the assessment of inter-observer reliability.

4.3.2 Odontometrics

The maximum mesiodistal (MD) and buccolingual (BL) diameters from each tooth type 

yielded a measurement battery of 56 variables, which was reduced to 28 variables once the 

antimeres were pooled (Fig. 4.4). The measurements of antimeric teeth (same dental element 

from opposite sides of the same dental arcade) were tested for significant differences by side 

with paired-samples t-tests (Lukacs and Hemphill 1993; Hemphill 2018a). If either no significant 

differences between antimeres were found or mean measurement differences between antimeres 

fell below instrument precision (0.1 mm) (Bernal et al. 2009; Hemphill 2018a; Lukacs and 

Hemphill 1993; Sorrentino et al. 2018) then the following protocol was followed. Measurements 

made on the left side were retained. However, if measurements for the left side were unavailable, 

values for the right-side antimere were substituted in order to maximize sample size (Bernal et al. 

2009; Hemphill 2018a; Irish and Hemphill 2004; Lukacs and Hemphill 1993).

After the antimeres were pooled, any missing odontometric data was replaced with an 

EM algorithm-based imputation process (Dempster et al. 1977; Hemphill 2018a). These 

estimates were based on the greatest combination of the five variables with the highest 
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correlations for the missing variable whose estimation did not yield a singular matrix or violate 

Little's (1988) MCAR (missing completely at random) test (Hemphill 2018a). No more than four 

of the 28 variables were estimated by individual. If any individuals required more than four 

variables to be replaced, that individual was removed from the study (Hemphill 2018a).

This data was then examined for outliers using Q-Q plots and checked for normality with 

the Shapiro-Wilks (1965) test (Hemphill 2016, 2018a; Weidner 2018). In order to correct for 

overall tooth size due to evolutionary tooth size reduction and sexual dimorphism, individual 

measurements were scaled against the geometric mean for each individual using the DM_RAW 

approach (Hemphill 2018a; Irish et al. 2016; Jungers et al. 1995). The samples were separated by 

sex to test for differing patterns of post-marital migration between males and females. This sex- 

segregated geometrically scaled data was further used as input to calculate descriptive statistics 

and to run principal component analyses (Eubank 2016; Harris and Bailit 1988; Hemphill 1991; 

Irish et al. 2016; Kimura et al. 2009; Lukacs and Hemphill 1993; Passalacqua 2015; Weidner 

2018). Scree plots were examined in order to assess the fall-off in variation accounted by the 

individual component axes. As part of the descriptive statistics, the percentage of sex 

dimorphism was calculated and the absolute value of the differences were rank scaled from the 

most to the least dimorphic following the methodology of Garn et al. (1964) and Hemphill 

(2018a).

Additionally, correlation matrices for within and among groups were generated (Harris 

1998; Hemphill 2018a; Moorrees and Reed 1957). Two MANOVAs were subsequently 

undertaken. The first was on the geometrically scaled data of just the Rong and the A'chik to test 

for the effects of group membership, sex, and the interaction between group membership and sex 

on the individual variables. The second was on the geometrically scaled data collected from the
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Rong, A'chik, and the set of comparative samples that included Chenchus, Gompadhompti 

Madgas, Pakanati Reddis, Bhils, Garasias, Veghela Rajputs, and Khows. The Chenchus, 

Gompadhompti Madgas, and Pakanati Reddis are three groups from southeastern India. The 

Bhils, Garasias, and Veghela Rajputs are from the northwestern India, while the Khow are from 

northern Pakistan. The purpose of the second MANOVA was to test for the effects of group 

membership, sex, and the interaction between group membership and sex on the individual 

variables (Hemphill 2018a; Passalacqua 2015; Scherer 2004).

Figure 4.4 Labelled teeth on a dental cast.

A complete canonical variates analysis was run across the sex-pooled and sex-stipulated 

groups (Hemphill 2018a). The standardized coefficients, canonical variate correlation 

coefficients, and assignment accuracies were calculated prior to and after jackknifing. Group 

centroid scores for the canonical axes were plotted, a minimum spanning tree was created and 

imposed upon the three-dimensional array of group centroid scores to ease interpretation of 
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patterns of intergroup affinities. Pairwise Mahalanobis D2 distances between group centroids for 

all canonical axes were considered in an effort to determine whether the canonical axes that 

explain lesser amounts of the overall variance yielded differences in the patterning of affinities 

among groups (Hemphill 2018a; Kieser 1990; Scherer 2004; Weidner 2018). This data was then 

compared to other dental data collected from the three groups from SE peninsular India 

(Chenchus, Gompadhompti Madgas, Pakanati Reddis), the three groups from NW peninsular 

India (Bhils, Garasias, Veghela Rajputs), and the single group from northern Pakistan (Khows), 

through canonical variates analysis (Fig. 4.5). The abbreviations and sample sizes for each of the 

groups can be found in Table 4.1.

Table 4.1 Acronyms and Sample Size for all nine South Asian groups.
Group Acronym Nc1 N2

Bhils BHI 208 159
Chenchus CHU 196 171
Garasias GRS 207 190

Gompadhompti Madigas GPD 177 138
Khow KHO 209 186

Pakanati Reddis PNT 184 153
Vaghelia Rajputs RAJ 190 154

A'chik ACH 166 116
Rong RON 185 124

1. Nc. denotes the number of samples collected.
2. N denotes the number of samples used in the study. Differences between N and Nc can be attributed missing samples, 

the need to estimate more than four variables and outliers.
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Figure 4.5 Map of sampling localities for the nine groups examined in this study. India is 
shaded light blue while the other South Asian countries are shaded in dark blue. SE peninsular 

groups are designated by triangles, NW peninsular groups are designated by squares, the 
northern Pakistani group is designated by a circle, and the northeastern Indian groups are 

designated by stars.

99



Chapter 5: Results

5.1 Paired-samples t-tests and antimeres

When examining the measurements of the sample group (Hmars), the assessment of 

interobserver repeatability yielded 23 significant differences among the 28 variables considered 

of the maxilla and 20 significant differences among the 28 variables considered of the mandible. 

Of these 43 significant differences all but three (7.0%) had mean measurements that fell below 

instrument precision (0.1 mm) (Table 5.1). Additionally, it was found that the author consistently 

had measurements that were slightly larger than Hemphill's measurements for the Hmar, as the 

mean difference for all, but one dimension was negative (Table 5.1). The assessment of 

intraobserver reliability yielded 15 significant differences among the maxillary teeth and 13 

significant differences among the mandibular teeth (Table 5.2). None of these significant 

differences corresponded to mean measurements that are above the threshold for instrument 

precision (0.1 mm) (Table 5.2). The paired-samples t-tests of antimeric measurements after 

removal of outliers also yielded two significant differences. One set of antimeres (LI2BL) had a 

mean difference below the threshold for instrument precision, but the other pairing (LCBL) was 

just slightly above the threshold (0.107) (Table 5.3). The cause of this is likely some observer 

bias. The number of significant differences was a bit surprising, however, the majority can be 

attributed to limitations of the calipers, and this high degree of inter- and intra-observer 

reliability among the variables is important for the validation of the following results.
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Table 5.1 Assessment of Interobserver Repeatability among the Hmars (significant p-values and mean 
differences greater than the instrument sensitivity are in bold).

Variable Dimension n Xdiff sd P Variable Dimension n sd P
URI MD 50 -0.092 0.151 0.000 LRI MD 45 -0.091 0.147 0.000

BL 41 -0.095 0.311 0.057 BL 38 -0.082 0.175 0.007
ULI MD 49 -0.096 0.151 0.000 LLI MD 48 -0.081 0.165 0.001

BL 41 -0.090 0.289 0.052 BL 43 -0.086 0.226 0.017
URI2 MD 46 -0.094 0.164 0.000 LRI2 MD 46 -0.096 0.199 0.002

BL 42 -0.055 0.176 0.050 BL 44 -0.064 0.216 0.071
ULI2 MD 50 -0.090 0.202 0.003 LLI2 MD 47 -0.089 0.152 0.000

BL 44 -0.091 0.202 0.005 BL 45 -0.093 0.232 0.010
URC MD 50 -0.064 0.156 0.006 LRC MD 49 -0.080 0.183 0.004

BL 47 -0.072 0.233 0.039 BL 44 0.019 0.275 0.660
ULC MD 50 -0.058 0.199 0.045 LLC MD 49 -0.051 0.175 0.046

BL 40 -0.063 0.150 0.012 BL 49 -0.049 0.259 0.192
URP3 MD 50 -0.052 0.159 0.025 LRP3 MD 49 -0.078 0.229 0.022

BL 50 -0.074 0.155 0.001 BL 49 -0.080 0.177 0.003
ULP3 MD 50 -0.046 0.147 0.032 LLP3 MD 50 -0.098 0.179 0.000

BL 47 -0.064 0.181 0.020 BL 48 -0.069 0.217 0.033
URP4 MD 48 -0.085 0.191 0.003 LRP4 MD 47 -0.098 0.290 0.025

BL 50 -0.088 0.157 0.000 BL 48 -0.042 0.177 0.110
ULP4 MD 50 -0.044 0.200 0.127 LLP4 MD 49 -0.098 0.271 0.015

BL 49 -0.082 0.159 0.001 BL 47 0.045 0.235 0.199
URM1 MD 46 -0.163 0.292 0.000 LRM1 MD 49 -0.069 0.230 0.040

BL 47 -0.075 0.167 0.004 BL 47 -0.096 0.240 0.009
ULM1 MD 49 -0.092 0.199 0.002 LLM1 MD 48 -0.096 0.253 0.012

BL 49 -0.063 0.173 0.014 BL 47 -0.083 0.240 0.022
URM2 MD 39 -0.013 0.364 0.827 LRM2 MD 34 -0.132 0.242 0.003

BL 40 -0.090 0.195 0.006 BL 42 -0.031 0.215 0.356
ULM2 MD 40 0.018 0.257 0.669 LLM2 MD 34 -0.194 0.306 0.001

BL 42 -0.050 0.239 0.183 BL 43 -0.037 0.223 0.279

о



Table 5.2 Assessment of Intraobserver Repeatability among the Hmars (significant p-values are in bold).

Variable Dimension n sd P Variable Dimension n sd P
URI MD 50 0.068 0.135 0.001 LRI MD 45 0.064 0.160 0.010

BL 40 -0.035 0.170 0.201 BL 38 0.058 0.135 0.012
ULI MD 49 0.094 0.197 0.002 LLI MD 48 0.065 0.126 0.001

BL 41 -0.024 0.261 0.552 BL 41 -0.039 0.322 0.443
URI2 MD 46 0.059 0.205 0.058 LRI2 MD 46 0.024 0.179 0.370

BL 42 0.026 0.178 0.346 BL 39 0.015 0.139 0.493
ULI2 MD 50 0.036 0.326 0.438 LLI2 MD 47 0.013 0.123 0.479

BL 44 -0.034 0.375 0.550 BL 45 0.029 0.122 0.119
URC MD 50 0.048 0.152 0.030 LRC MD 49 0.020 0.124 0.255

BL 48 -0.056 0.122 0.002 BL 43 0.088 0.204 0.007
ULC MD 50 0.060 0.175 0.019 LLC MD 49 0.020 0.135 0.297

BL 40 -0.048 0.143 0.042 BL 49 0.016 0.175 0.516
URP3 MD 50 0.074 0.141 0.001 LRP3 MD 49 0.020 0.126 0.262

BL 50 -0.018 0.096 0.192 BL 49 -0.014 0.165 0.546
ULP3 MD 50 0.058 0.105 0.000 LLP3 MD 50 0.024 0.167 0.315

BL 48 -0.031 0.097 0.031 BL 48 -0.035 0.108 0.028
URP4 MD 48 0.060 0.144 0.006 LRP4 MD 47 0.075 0.187 0.009

BL 50 -0.034 0.098 0.018 BL 48 -0.013 0.151 0.569
ULP4 MD 50 0.040 0.276 0.310 LLP4 MD 49 0.080 0.212 0.012

BL 49 -0.063 0.163 0.009 BL 47 0.028 0.193 0.331
URM1 MD 46 0.046 0.189 0.109 LRM1 MD 49 0.055 0.146 0.011

BL 47 -0.032 0.107 0.046 BL 47 0.051 0.146 0.020
ULM1 MD 49 0.074 0.198 0.012 LLM1 MD 48 0.071 0.153 0.002

BL 49 -0.031 0.143 0.141 BL 47 0.038 0.161 0.110
URM2 MD 39 -0.039 0.187 0.207 LRM2 MD 34 -0.003 0.134 0.899

BL 40 -0.013 0.140 0.575 BL 41 -0.051 0.154 0.039
ULM2 MD 40 0.013 0.131 0.548 LLM2 MD 34 -0.077 0.163 0.010

BL 42 -0.038 0.117 0.041 BL 43 -0.042 0.130 0.040



Table 5.3 Paired-samples t-tests of antimeric measurements after removal of outliers among the 
Hmars (significant p-values and mean differences greater than the instrument sensitivity are in 

bold).

Variable Dimension sd P
Ul MD 0.059 0.237 0.087

BL 0.041 0.390 0.531
U12 MD 0.072 0.380 0.207

BL -0.033 0.238 0.406
UC MD 0.036 0.293 0.389

BL 0.051 0.376 0.400
UP3 MD -0.012 0.258 0.744

BL 0.067 0.336 0.167
UP4 MD 0.050 0.293 0.243

BL -0.004 0.332 0.932
UM1 MD 0.036 0.296 0.424

BL 0.053 0.265 0.167
UM2 MD 0.011 0.383 0.866

BL -0.005 0.362 0.931
LI MD -0.005 0.253 0.906

BL -0.077 0.346 0.196
LI2 MD -0.016 0.278 0.709

BL 0.082 0.222 0.027
LC MD 0.048 0.264 0.215

BL 0.107 0.326 0.037
LP3 MD -0.020 0.404 0.725

BL 0.073 0.319 0.120
LP4 MD -0.059 0.382 0.302

BL -0.021 0.387 0.711
LM1 MD -0.029 0.164 0.223

BL -0.056 0.229 0.111
LM2 MD -0.082 0.315 0.179

BL 0.024 0.283 0.605

The paired-samples t-tests of antimeric measurements, after the removal of outliers 

among A'chik females, also yielded two significant differences, one within each dental arcade 

(Tables 5.4 and 5.5). The paired-samples t-tests of antimeric measurements, after removal of 

outliers among A'chik males yielded five significant differences: two among maxillary teeth and 

three among mandibular teeth (Tables 5.6 and 5.7). However, in all cases among the A'chik, the 

mean difference was less than the level of instrument sensitivity (<0.1 mm), so such differences 

were considered insignificant, allowing for the replacement of the left side measurement with 

measurements taken on their right-side antimeres when necessary (Hemphill 2018a).
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Table 5.4 Mean values and contrasts between antimeres for the maxillary samples of A’chik females.

Variable Side n X sd ncont Xdiff sddiff tdiff Pdiff

Ul1MD L 65 8.522 0.408 63 0.040 0.200 1.578 0.120
R 66 8.483 0.456

UI1BL L 47 6.533 0.373 42 0.005 0.250 0.124 0.902
R 39 6.529 0.379

UI2MD L 59 6.618 0.488 57 0.046 0.191 1.804 0.077
R 62 6.572 0.449

U12BL L 49 5.883 0.413 41 -0.039 0.273 -0.916 0.365
R 46 5.922 0.487

UCMD L 68 7.489 0.400 66 0.029 0.178 1.315 0.193
R 67 7.461 0.405

UCBL L 59 7.567 0.495 51 -0.002 0.272 -0.052 0.959
R 58 7.569 0.524

UP3MD L 69 7.303 0.457 68 -0.010 0.169 -0.501 0.618
R 69 7.313 0.415

UP3BL L 68 9.160 0.493 65 -0.035 0.230 -1.240 0.220
R 65 9.195 0.501

UP4MD L 65 6.884 0.297 63 0.014 0.231 0.490 0.626
R 66 6.870 0.298

UP4BL L 66 8.951 0.429 65 -0.002 0.252 -0.049 0.961
R 67 8.952 0.468

UMlMD L 66 10.482 0.428 62 -0.090 0.202 -3.517 0.001
R 63 10.573 0.433

UM1BL L 66 10.981 0.481 64 -0.025 0.260 -0.769 0.445
R 65 11.006 0.482

UM2MD L 23 9.961 0.474 18 0.033 0.254 0.556 0.585
R 26 9.928 0.471

UM2BL L 38 10.820 0.505 35 -0.074 0.234 -1.876 0.069
R 39 10.894 0.516

10
4

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the

individuals for which both antimeres could be measured.



Table 5.5 Mean values and contrasts between antimeres for the mandibular samples of A’chik females.

Variable Side n X sd ncont Xdiff sddiff tdiff Pdiff

LI1MD L 62 5.566 0.300 58 0.034 0.134 1.953 0.056

R 62 5.531 0.295
LI1BL L 48 5.573 0.438 41 0.037 0.193 1.212 0.233

R 50 5.537 0.390
LI2MD L 69 6.068 0.397 62 0.047 0.191 1.924 0.059

R 66 6.021 0.414

LI2BL L 57 5.893 0.408 41 -0.027 0.242 -0.710 0.482
R 47 5.920 0.400

LCMD L 72 6.652 0.324 71 0.037 0.171 1.805 0.075

R 73 6.615 0.335
LCBL L 66 6.905 0.454 58 0.059 0.233 1.914 0.061

R 61 6.847 0.401

LP3MD L 68 7.129 0.323 68 0.007 0.212 0.286 0.776
R 74 7.122 0.382

LP3BL L 73 7.848 0.508 69 0.048 0.232 1.714 0.091

R 70 7.800 0.525
LP4MD L 71 7.194 0.365 69 0.035 0.223 1.297 0.199

R 71 7.159 0.388

LP4BL L 70 8.169 0.468 68 0.012 0.235 0.413 0.681
R 70 8.157 0.466

LM1MD L 69 11.350 0.468 62 -0.011 0.220 -0.405 0.687

R 65 11.361 0.492
LM1BL L 64 10.565 0.507 57 0.072 0.164 3.302 0.002

R 61 10.493 0.457

LM2MD L 27 10.305 0.485 22 0.086 0.296 1.366 0.186
R 26 10.218 0.528

LM2BL L 34 10.207 0.462 30 0.010 0.195 0.280 0.781

R 33 10.197 0.438

10
5

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the

individuals for which both antimeres could be measured.



Table 5.6 Mean values and contrasts between antimeres for the maxillary samples of A’chik males.

Variable Side n X sd ncont Xdiff sddiff tdiff Pdiff

UI1MD L 87 8.718 0.585 84 -0.∞8 0.193 -0.396 0.693
R 85 8.726 0.594

UI1BL L 66 6.866 0.549 62 -0.024 0.183 -1.043 0.301
R 69 6.890 0.533

UI2MD L 86 6.977 0.569 84 -0.042 0.228 -1.677 0.097
R 84 7.019 0.576

UI2BL L 68 6.126 0.663 57 0.021 0.233 0.683 0.498
R 68 6.105 0.610

UCMD L 89 7.929 0.495 86 -0.003 0.208 -0.155 0.877
R 86 7.933 0.490

UCBL L 74 8.071 0.533 68 -0.010 0.219 -0.387 0.700
R 78 8.081 0.541

UP3MD L 84 7.379 0.467 80 -0.014 0.188 -0.654 0.515
R 84 7.393 0.442

UP3BL L 81 9.445 0.492 76 -0.011 0.206 -0.446 0.657
R 82 9.455 0.494

UP4MD L 86 7.015 0.375 82 0.049 0.200 2.214 0.030
R 86 6.966 0.403

UP4BL L 86 9.254 0.577 83 -0.047 0.249 -1.719 0.089
R 84 9.301 0.579

UM1MD L 79 10.829 0.457 73 -0.062 0.228 -2.307 0.024
R 79 10.890 0.441

UM1BL L 84 11.451 0.563 78 -0.041 0.273 -1.326 0.189
R 82 11.492 0.557

UM2MD L 59 10.240 0.578 53 -0.051 0.222 -1.674 0.100

R 64 10.291 0.626
UM2BL L 63 11.441 0.607 59 0.044 0.232 1.458 0.150

R 67 11.397 0.616

10
6

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the

individuals for which both antimeres could be measured.



Table 5.7 Mean values and contrasts between antimeres for the mandibular samples of A’chik males.

Variable Side n X sd ncont Xdiff sddiff tdiff Pdiff

LI1MD L 81 5.510 0.376 80 -0.044 0.179 -2.184 0.032

R 84 5.554 0.369
LI1BL L 57 5.915 0.423 48 -0.027 0.157 -1.197 0.237

R 56 5.942 0.398
LI2MD L 85 6.086 0.404 81 -0.052 0.190 -2.459 0.016

R 82 6.138 0.431

LI2BL L 65 6.093 0.473 56 0.004 0.217 0.123 0.902
R 66 6.089 0.437

LCMD L 87 7.073 0.422 86 -0.022 0.198 -1.032 0.305

R 87 7.095 0.451
LCBL L 75 7.276 0.603 63 0.022 0.217 0.812 0.420

R 73 7.254 0.547

LP3MD L 85 7.312 0.367 84 0.018 0.218 0.751 0.455
R 86 7.294 0.391

LP3BL L 86 8.068 0.473 84 -0.050 0.221 -2.069 0.042

R 86 8.118 0.500
LP4MD L 82 7.158 0.474 80 -0.039 0.179 -1.937 0.056

R 85 7.196 0.427

LP4BL L 83 8.295 0.522 75 -0.028 0.206 -1.175 0.244

R 81 8.323 0.523
LM1MD L 75 11.644 0.528 73 -0.011 0.220 -0.425 0.672

R 82 11.655 0.562
LM1BL L 77 10.835 0.565 74 -0.019 0.218 -0.746 0.458

R 81 10.854 0.549

LM2MD L 35 10.481 0.655 26 -0.092 0.172 -2.739 0.011
R 33 10.573 0.708

LM2BL L 43 10.574 0.521 35 -0.043 0.227 -1.119 0.271

R 41 10.617 0.516

10
7

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the

individuals for which both antimeres could be measured.



The paired-samples t-tests of antimeric measurements after removal of outliers among 

Rong females yielded no significant differences (Tables 5.8 and 5.9). However, the difference 

for the LP4BL measurement was on the threshold of being significant as its p = 0.057. The 

paired-samples t-tests of antimeric measurements after removal of outliers among the male Rong 

yielded one significant difference and two measurements on the threshold of being significant 

(UI1BL: p = 0.058, UM2MD: p = 0.056) (Tables 5.10 and 5.11). Like the A'chik, in each of 

these cases among the Rong, the mean difference was less than the level of instrument sensitivity 

(<0.1 mm), so such differences were considered irrelevant, allowing for the replacement of 

missing measurements on the left side with values obtained for their right-side antimeres when 

necessary (Hemphill 2018a).
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Table 5.8 Mean values and contrasts between antimeres for the maxillary samples of Rong females.

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the individuals for 

which both antimeres could be measured.

Variable Side n X sd cont Xdiff sddiff tdiff Pdiff

UI1MD L 75 7.883 0.497 72 0.039 0.227 1.455 0.150
R 74 7.844 0.498

UI1BL L 57 6.344 0.567 52 0.019 0.225 0.616 0.540
R 57 6.325 0.590

UI2MD L 67 6.381 0.546 64 -0.034 0.259 -1.062 0.292
R 68 6.416 0.522

UI2BL L 54 5.665 0.488 49 0.022 0.241 0.652 0.517
R 60 5.643 0.507

UCMD L 76 6.904 0.426 73 -0.034 0.219 -1.338 0.185
R 73 6.938 0.403

UCBL L 69 7.217 0.431 63 -0.005 0.200 -0.189 0.851
R 68 7.222 0.466

UP3MD L 76 6.625 0.372 76 0.020 0.199 0.863 0.391
R 77 6.605 0.380

UP3BL L 73 8.804 0.538 72 -0.004 0.220 -0.160 0.873
R 76 8.808 0.559

UP4MD L 76 6.173 0.360 74 0.001 0.219 0.053 0.958
R 74 6.172 0.369

UP4BL L 73 8.569 0.534 72 0.029 0.236 1.047 0.299
R 74 8.540 0.541

UM1MD L 74 9.565 0.431 71 0.013 0.187 0.572 0.569
R 74 9.552 0.456

UM1BL L 73 10.614 0.386 71 -0.018 0.160 -0.966 0.337
R 75 10.632 0.403

UM2MD L 25 8.959 0.584 17 0.071 0.264 1.102 0.287
R 22 8.888 0.534

UM2BL L 52 10.404 0.517 47 -0.062 0.289 -1.462 0.151
R 51 10.466 0.547

10
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Table 5.9 Mean values and contrasts between antimeres for the mandibular samples of Rong females.

Variable Side n X sd cont Xdiff sddiff tdiff Pdiff

LI1MD L 73 4.906 0.283 71 0.037 0.164 1.880 0.064
R 75 4.869 0.273

LI1BL L 53 5.321 0.343 48 0.033 0.153 1.505 0.139
R 55 5.288 0.349

LI2MD L 75 5.422 0.343 74 0.032 0.165 1.693 0.095
R 76 5.389 0.313

LI2BL L 65 5.557 0.395 56 0.030 0.170 1.333 0.188
R 64 5.527 0.407

LCMD L 77 6.088 0.333 76 0.038 0.176 1.892 0.062
R 76 6.050 0.331

LCBL L 67 6.712 0.494 66 0.024 0.251 0.784 0.436
R 75 6.688 0.456

LP3MD L 75 6.466 0.384 74 -0.027 0.248 -0.936 0.352
R 76 6.493 0.376

LP3BL L 74 7.408 0.449 74 0.041 0.183 1.908 0.060
R 77 7.368 0.430

LP4MD L 71 6.417 0.417 69 0.046 0.227 1.700 0.094
R 75 6.371 0.431

LP4BL L 68 7.771 0.439 66 0.045 0.191 1.936 0.057
R 74 7.726 0.431

LM1MD L 71 10.429 0.455 68 -0.028 0.204 -1.128 0.263
R 73 10.457 0.473

LM1BL L 74 10.089 0.398 70 0.019 0.135 1.147 0.255
R 70 10.070 0.383

LM2MD L 20 9.294 0.384 16 -0.069 0.241 -1.139 0.273
R 21 9.363 0.356

LM2BL L 39 9.769 0.422 39 0.041 0.211 1.213 0.232
R 46 9.728 0.402

11
0

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the individuals for

which both antimeres could be measured.



Table 5.10 Mean values and contrasts between antimeres for the maxillary samples of Rong males.

Variable Side n X sd cont Xdiff sddiff tdiff Pdiff

UI1MD L 56 8.192 0.437 50 -0.002 0.195 -0.072 0.943
R 50 8.194 0.407

UI1BL L 44 6.640 0.496 40 0.055 0.178 1.952 0.058
R 40 6.585 0.508

UI2MD L 56 6.496 0.517 54 0.026 0.263 0.725 0.472
R 54 6.470 0.546

UI2BL L 53 5.758 0.448 43 0.035 0.266 0.859 0.395
R 43 5.723 0.439

UCMD L 57 7.304 0.409 55 -0.027 0.209 -0.970 0.336
R 55 7.331 0.415

UCBL L 56 7.500 0.467 49 -0.041 0.239 -1.196 0.237
R 49 7.541 0.456

UP3MD L 57 6.919 0.396 54 0.035 0.172 1.506 0.138
R 54 6.883 0.391

UP3BL L 57 9.060 0.501 52 0.000 0.230 0.000 1.000
R 52 9.060 0.461

UP4MD L 57 6.509 0.389 55 0.033 0.201 1.208 0.232
R 55 6.476 0.421

UP4BL L 57 8.846 0.535 52 -0.012 0.253 -0.328 0.744
R 52 8.858 0.501

UM1MD L 57 10.185 0.567 55 0.031 0.251 0.914 0.365
R 55 10.155 0.552

UM1BL L 56 11.113 0.499 55 -0.029 0.214 -1.008 0.318
R 55 11.142 0.480

UM2MD L 29 9.600 0.422 24 0.096 0.233 2.014 0.056
R 24 9.504 0.443

UM2BL L 59 11.236 0.591 42 -0.019 0.260 -0.475 0.637
R 42 11.255 0.568

1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the individuals for

which both antimeres could be measured.



Table 5.11 Mean values and contrasts between antimeres for the mandibular samples of Rong males.

Variable Side n X sd n cont Xdiff Sddiff tdiff Pdiff

LI1MD L 53 5.160 0.273 48 0.023 0.142 1.120 0.268
R 50 5.138 0.310

LI1BL L 44 5.608 0.395 40 -0.002 0.199 -0.079 0.937
R 40 5.610 0.443

LI2MD L 54 5.642 0.352 52 0.008 0.196 0.283 0.778
R 53 5.635 0.393

LI2BL L 48 5.863 0.363 43 -0.005 0.201 -0.152 0.880
R 43 5.867 0.407

LCMD L 57 6.589 0.387 55 0.018 0.199 0.677 0.501
R 55 6.571 0.426

LCBL L 57 7.223 0.506 52 0.040 0.208 1.400 0.167
R 52 7.183 0.498

LP3MD L 57 6.782 0.488 56 -0.007 0.204 -0.262 0.795
R 56 6.789 0.504

LP3BL L 57 7.762 0.403 55 -0.020 0.202 -0.734 0.466
R 55 7.782 0.404

LP4MD L 57 6.672 0.458 54 -0.011 0.252 -0.324 0.747
R 55 6.683 0.473

LP4BL L 57 8.093 0.472 55 0.015 0.221 0.489 0.627
R 54 8.078 0.437

LM1MD L 53 11.022 0.597 54 -0.057 0.230 -1.831 0.073
R 50 11.080 0.597

LM1BL L 57 10.524 0.425 50 0.040 0.203 1.393 0.170
R 54 10.484 0.436

LM2MD L 22 10.147 0.596 19 -0.005 0.241 -0.095 0.925
R 19 10.153 0.569

LM2BL L 46 10.215 0.450 41 0.073 0.226 2.074 0.045
R 41 10.141 0.431

11
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1. ncont is the number of pairwise contrasts between antimeres.
2. X and Xdiff are not equal as the former includes all individuals for which the variable could be measured, whereas the latter is the sum of the individuals for

which both antimeres could be measured.



5.2 Descriptive Statistics

Descriptive statistics of raw measurements among the A'chik, after removal of outliers 

and individuals missing values for more than four variables, are presented in Tables 5.12 and 

5.13. The distributional statistics of A'chik females and males revealed that one variable (3.6%) 

among females and three variables (10.7%) among males depart from normality by sex (Table 

5.13).

The descriptive statistics of the raw measurements among the Rong, after removal of 

outliers and individuals missing values for more than four variables are presented in Tables 5.14, 

5.15, and 5.16. The distributional statistics of the Rong revealed that one variable (3.6%) among 

females and one variable (3.6%) among males depart from normality by sex (Table 5.15).
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Table 5.12 Descriptive statistics of raw measurements among A’chik females and males.

Female Male
Variable N Mean sd CV Variable N Mean sd CV

UI1MD 41 8.476 0.261 0.031 UI1MD 68 8.744 0.597 0.068
UHBL 40 6.565 0.437 0.067 UI1BL 62 6.971 0.494 0.071
UI2MD 47 6.602 0.517 0.078 UI2MD 67 7.028 0.621 0.088
UI2BL 41 5.827 0.411 0.070 UI2BL 68 6.151 0.567 0.092
UCMD 47 7.453 0.431 0.058 UCMD 69 7.958 0.505 0.063
UCBL 46 7.509 0.498 0.066 UCBL 67 8.057 0.583 0.072

UP3MD 47 7.272 0.430 0.059 UP3MD 68 7.407 0.404 0.054
UP3BL 47 9.055 0.479 0.053 UP3BL 68 9.454 0.456 0.048
UP4MD 44 6.852 0.252 0.037 UP4MD 69 6.986 0.430 0.061
UP4BL 47 8.909 0.437 0.049 UP4BL 69 9.332 0.578 0.062

UM1MD 47 10.545 0.428 0.041 UM1MD 69 10.932 0.523 0.048
UM1BL 47 10.917 0.482 0.044 UM1BL 69 11.574 0.516 0.045
UM2MD 27 9.885 0.570 0.058 UM2MD 61 10.333 0.624 0.060
UM2BL 36 10.772 0.505 0.047 UM2BL 62 11.437 0.587 0.051
LI1MD 46 5.441 0.336 0.062 LI1MD 67 5.563 0.376 0.068
LI1BL 43 5.519 0.418 0.076 LI1BL 53 5.862 0.383 0.065
LI2MD 46 5.935 0.384 0.065 LI2MD 69 6.135 0.477 0.078
LI2BL 43 5.965 0.419 0.070 LI2BL 63 6.114 0.379 0.062
LCMD 47 6.602 0.288 0.044 LCMD 69 7.101 0.451 0.063
LCBL 45 6.918 0.489 0.071 LCBL 67 7.318 0.505 0.069

LP3MD 45 7.122 0.293 0.041 LP3MD 67 7.282 0.369 0.051
LP3BL 47 7.819 0.507 0.065 LP3BL 68 8.132 0.478 0.059
LP4MD 47 7.170 0.375 0.052 LP4MD 69 7.254 0.428 0.059
LP4BL 47 8.130 0.483 0.059 LP4BL 69 8.354 0.548 0.066

LM1MD 47 11.347 0.457 0.040 LM1MD 67 11.660 0.514 0.044
LM1BL 47 10.406 0.475 0.046 LM1BL 67 10.845 0.507 0.047
LM2MD 25 10.368 0.481 0.046 LM2MD 39 10.587 0.685 0.065
LM2BL 32 10.178 0.490 0.048 LM2BL 44 10.595 0.482 0.045
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Table 5.13 Distributional statistics among A’chik females and males.

After Removal of Outliers After EM Estimation

Female Male Female Male

Variable N G1 G2 Wsw Psw N G1 G2 Wsw Psw N G1 G2 Wsw Psw N G1 G2 Wsw Psw

UHMD 41 -0.209 0.016 0.982 0.766 68 0.511 -0.199 0.962 0.035 47 -0.267 -0.209 0.984 0.746 69 0.471 -0.298 0.964 0.042

UHBL 40 0.445 -0.034 0.975 0.513 62 0.109 -0.118 0.988 0.810 47 0.467 0.131 0.975 0.394 69 0.032 -0.008 0.992 0.954

UI2MD 47 -0.628 0.205 0.956 0.073 67 -0.132 -0.033 0.990 0.887 47 -0.628 0.205 0.956 0.073 69 -0.068 -0.128 0.990 0.864

UI2BL 41 -0.075 0.092 0.982 0.750 68 -0.141 -0.643 0.978 0.273 47 -0.091 0.155 0.986 0.825 69 -0.118 -0.634 0.979 0.312

UCMD 47 0.403 -0.174 0.957 0.082 69 0.173 -0.433 0.984 0.503 47 0.403 -0.174 0.957 0.082 69 0.173 -0.433 0.984 0.503

UCBL 46 0.131 -0.447 0.977 0.481 67 0.288 -0.291 0.964 0.052 47 0.118 -0.397 0.977 0.490 69 0.325 -0.229 0.963 0.038

UP3MD 47 0.071 -0.386 0.976 0.455 68 -0.246 1.194 0.966 0.064 47 0.071 -0.386 0.976 0.455 69 -0.218 1.039 0.972 0.120

UP3BL 47 0.229 -0.433 0.975 0.421 68 -0.021 0.000 0.985 0.578 47 0.229 -0.433 0.975 0.421 69 -0.045 -0.073 0.986 0.640

UP4MD 44 0.105 -0.608 0.971 0.332 69 0.312 0.439 0.981 0.378 47 0.108 -0.609 0.970 0.269 69 0.312 0.439 0.981 0.378

UP4BL 47 0.054 -0.118 0.982 0.682 69 0.147 -0.253 0.988 0.772 47 0.054 -0.118 0.982 0.682 69 0.147 -0.253 0.988 0.772

UM1MD 47 -0.411 0.176 0.966 0.179 69 -0.134 0.477 0.986 0.640 47 -0.411 0.176 0.966 0.179 69 -0.134 0.477 0.986 0.640

UM1BL 47 0.510 -0.528 0.947 0.034 69 0.212 -0.468 0.985 0.598 47 0.510 -0.528 0.947 0.034 69 0.212 -0.468 0.985 0.598

UM2MD 27 -0.369 -0.414 0.972 0.661 61 -0.368 -0.236 0.983 0.569 47 -0.331 0.759 0.972 0.303 69 -0.390 -0.014 0.986 0.621

UM2BL 36 0.094 -0.907 0.964 0.292 62 -0.005 -0.055 0.978 0.330 47 0.119 -0.929 0.970 0.261 69 -0.032 -0.094 0.977 0.234

LI1MD 46 -0.564 0.093 0.964 0.166 67 0.122 -0.647 0.981 0.383 47 -0.529 0.086 0.966 0.193 69 0.158 -0.710 0.978 0.257

LI1BL 43 0.246 0.081 0.986 0.883 53 -0.096 -0.413 0.976 0.349 47 0.169 -0.070 0.987 0.880 69 -0.019 -0.326 0.983 0.481

LI2MD 46 -0.136 0.110 0.987 0.879 69 0.008 -0.180 0.992 0.940 47 -0.135 -0.045 0.986 0.824 69 0.008 -0.180 0.992 0.940

LI2BL 43 -0.229 -0.877 0.957 0.111 63 0.494 -0.149 0.966 0.080 47 -0.146 -0.823 0.966 0.185 69 0.446 -0.186 0.971 0.107

LCMD 47 -0.091 0.097 0.983 0.705 69 0.441 -0.423 0.965 0.052 47 -0.091 0.097 0.983 0.705 69 0.441 -0.423 0.965 0.052

LCBL 45 -0.059 -0.758 0.971 0.321 67 0.358 -0.147 0.978 0.266 47 -0.090 -0.665 0.975 0.406 69 0.422 -0.177 0.973 0.145

LP3MD 45 0.213 -0.224 0.972 0.332 67 0.431 -0.313 0.963 0.045 47 0.244 -0.358 0.971 0.280 69 0.392 -0.431 0.964 0.043

LP3BL 47 0.142 -0.523 0.976 0.449 68 0.179 0.508 0.986 0.645 47 0.142 -0.523 0.976 0.449 69 0.151 0.401 0.988 0.758

LP4MD 47 0.052 0.029 0.987 0.881 69 0.116 -0.455 0.984 0.524 47 0.052 0.029 0.987 0.881 69 0.116 -0.455 0.984 0.524

LP4BL 47 0.297 -0.329 0.973 0.336 69 -0.298 -0.124 0.978 0.254 47 0.297 -0.329 0.973 0.336 69 -0.298 -0.124 0.978 0.254

LM1MD 47 -0.161 0.071 0.983 0.731 67 -0.158 -0.078 0.991 0.896 47 -0.161 0.071 0.983 0.731 69 -0.183 -0.163 0.990 0.883

LM1BL 47 -0.255 -0.210 0.980 0.585 67 -0.249 -0.484 0.977 0.260 47 -0.255 -0.210 0.980 0.585 69 -0.258 -0.518 0.977 0.236

LM2MD 25 -0.230 -0.473 0.974 0.737 39 -0.077 -0.618 0.975 0.526 47 -0.148 0.453 0.984 0.760 69 -0.316 -0.310 0.982 0.440

LM2BL 32 -0.379 -0.255 0.978 0.734 44 -0.086 -0.116 0.977 0.524 47 -0.244 -0.471 0.983 0.700 69 -0.091 0.049 0.986 0.652
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1. Gl = skewness and G2 = kurtosis.
2. WSW= W statistic of the Shapiro-Wilks (1965) test for normality (Hemphill 2018a).
3. PSW= p-value associated with the Shapiro-Wilks test for normality (Hemphill 2018a).



Table 5.14 Descriptive statistics of raw measurements among Rong females and males.

Females Males
Variable n Mean sd CV Variable n Mean sd CV

ULI1MD 71 7.876 0.503 6.390 ULI1MD 60 8.257 0.514 6.225
ULI1BL 61 6.379 0.553 8.672 ULHBL 46 6.670 0.507 7.598

ULI2MD 66 6.314 0.580 9.180 ULI2MD 59 6.569 0.559 8.510
ULI2BL 61 5.664 0.480 8.473 ULI2BL 56 5.839 0.462 7.917

ULCMD 70 6.900 0.460 6.667 ULCMD 60 7.325 0.412 5.618
ULCBL 69 7.216 0.479 6.631 ULCBL 58 7.519 0.509 6.766

ULP3MD 71 6.587 0.370 5.622 ULP3MD 60 6.997 0.445 6.364
ULP3BL 71 8.814 0.558 6.335 ULP3BL 60 9.097 0.539 5.922

ULP4MD 71 6.139 0.364 5.928 ULP4MD 60 6.497 0.384 5.917
ULP4BL 70 8.531 0.557 6.529 ULP4BL 60 8.925 0.077 0.866

ULM1MD 71 9.556 0.432 4.515 ULM1MD 60 10.205 0.566 5.547
ULM1BL 71 10.613 0.438 4.129 ULM1BL 60 11.115 0.540 4.855

ULM2MD 27 8.911 0.725 8.130 ULM2MD 32 9.647 0.574 5.946
ULM2BL 52 10.413 0.514 4.933 ULM2BL 52 11.202 0.089 0.798
LLHMD 71 4.901 0.298 6.076 LLHMD 59 5.151 0.348 6.758
LLI1BL 57 5.372 0.354 6.588 LLHBL 47 5.585 0.489 8.756

LLI2MD 71 5.431 0.355 6.533 LLI2MD 59 5.705 0.410 7.194
LLI2BL 69 5.541 0.387 6.979 LLI2BL 52 5.898 0.391 6.634

LLCMD 71 6.075 0.351 5.774 LLCMD 60 6.617 0.383 5.784
LLCBL 71 6.704 0.912 13.604 LLCBL 60 7.268 0.558 7.682

LLP3MD 71 6.441 0.377 5.848 LLP3MD 60 6.797 0.479 7.043
LLP3BL 71 7.403 0.468 6.315 LLP3BL 60 7.795 0.435 5.582

LLP4MD 71 6.414 0.414 6.447 LLP4MD 60 6.695 0.473 7.068
LLP4BL 71 7.776 0.470 6.038 LLP4BL 60 8.110 0.483 5.953

LLM1MD 69 10.439 0.451 4.317 LLM1MD 59 11.015 0.582 5.283
LLM1BL 67 10.157 0.414 4.071 LLM1BL 55 10.525 0.460 4.374

LLM2MD 25 9.480 0.495 5.222 LLM2MD 22 10.109 0.571 5.644
LLM2BL 45 9.724 0.434 4.462 LLM2BL 46 10.233 0.462 4.519
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Table 5.15 Distributional statistics among Rong females and males.

After Removal of OutIiers After EM estimation
Female Male Female Male

Variable N G1 G2 Wsw Psw Variable N G1 G2 Wsw Psw Variable N G1 G2 Wsw Psw Variable N G1 G2 Wsw Psw
ULI1MD 67 -0.109 -0.635 0.974 0.167 ULI1MD 59 0.021 -0.149 0.984 0.617 ULI1MD 67 -0.109 -0.635 0.974 0.167 ULI1MD 57 0.029 -0.285 0.984 0.639
ULI1BL 56 0.000 -0.562 0.974 0.267 ULI1BL 60 -0.195 0.114 0.984 0.630 ULI1BL 67 0.073 -0.556 0.975 0.205 ULI1BL 57 -0.189 -0.031 0.985 0.701
ULI2MD 62 0.140 -0.244 0.986 0.679 ULI2MD 60 0.216 -0.171 0.979 0.381 ULI2MD 67 0.140 -0.135 0.986 0.656 ULI2MD 57 0.100 -0.336 0.979 0.421
ULI2BL 57 0.039 0.577 0.969 0.153 ULI2BL 57 -0.168 -0.320 0.961 0.060 ULI2BL 67 0.061 0.562 0.969 0.097 ULI2BL 57 -0.176 -0.338 0.961 0.062
ULCMD 66 0.097 0.152 0.985 0.587 ULCMD 59 -0.216 -0.382 0.981 0.506 ULCMD 67 0.105 0.198 0.984 0.542 ULCMD 57 -0.114 -0.457 0.983 0.622
ULCBL 64 -0.157 -0.463 0.980 0.395 ULCBL 60 -0.132 0.438 0.971 0.172 ULCBL 67 ■0.132 -0.505 0.981 0.391 ULCBL 57 -0.268 0.573 0.969 0.155

ULP3MD 66 0.374 -0.098 0.976 0.234 ULP3MD 60 -0.083 -0.446 0.982 0.505 ULP3MD 67 0.336 -0.165 0.978 0.292 ULP3MD 57 -0.011 -0.407 0.983 0.607
ULP3BL 67 -0.243 -0.345 0.983 0.496 ULP3BL 60 0.230 0.164 0.985 0.693 ULP3BL 67 -0.243 -0.345 0.983 0.496 ULP3BL 57 0.181 0.232 0.988 0.840
ULP4MD 65 -0.035 -0.315 0.986 0.680 ULP4MD 60 0.017 -0.522 0.980 0.430 ULP4MD 67 -0.051 -0.354 0.986 0.654 ULP4MD 57 -0.035 -0.550 0.979 0.417
ULP4BL 66 -0.049 -0.496 0.988 0.759 ULP4BL 59 0.667 0.067 0.953 0.024 ULP4BL 67 -0.018 -0.514 0.988 0.774 ULP4BL 57 0.688 0.102 0.950 0.019

ULM1MD 67 -0.100 -0.456 0.985 0.573 ULM1MD 60 -0.129 -0.841 0.973 0.194 ULM1MD 67 -0.100 -0.456 0.985 0.573 ULM1MD 57 -0.106 -0.769 0.976 0.301
ULM1BL 67 -0.364 -0.657 0.965 0.053 ULM1BL 58 0.312 -0.091 0.981 0.513 ULM1BL 67 -0.364 -0.657 0.965 0.053 ULM1BL 57 0.330 -0.117 0.980 0.476
ULM2MD 27 0.707 0.361 0.956 0.293 ULM2MD 60 0.053 -0.124 0.985 0.657 ULM2MD 67 0.500 1.378 0.972 0.141 ULM2MD 57 0.186 -0.123 0.986 0.768
ULM2BL 50 0.224 -0.489 0.977 0.449 ULM2BL 60 -0.264 -0.231 0.984 0.644 ULM2BL 67 0.197 -0.428 0.983 0.507 ULM2BL 57 -0.138 -0.371 0.983 0.581
LLI1MD 67 -0.361 -0.138 0.975 0.197 LLI1MD 58 -0.066 0.145 0.971 0.187 LLI1MD 67 -0.361 -0.138 0.975 0.197 LLI1MD 57 -0.069 -0.286 0.977 0.346
LLI1BL 51 -0.172 -0.293 0.976 0.374 LLI1BL 59 0.417 0.332 0.968 0.122 LLI1BL 67 -0.174 -0.305 0.985 0.595 LLI1BL 57 -0.026 -0.195 0.987 0.814
LLI2MD 66 0.473 -0.075 0.969 0.100 LLI2MD 59 0.096 -0.161 0.973 0.223 LLI2MD 67 0.440 -0.107 0.971 0.126 LLI2MD 57 0.119 -0.247 0.975 0.284
LLI2BL 65 -0.041 0.172 0.986 0.698 LLI2BL 59 0.165 -0.400 0.973 0.213 LLI2BL 67 0.175 -0.171 0.985 0.590 LLI2BL 57 0.089 -0.313 0.978 0.375
LLCMD 67 -0.130 -0.383 0.982 0.440 LLCMD 60 0.001 -0.640 0.971 0.160 LLCMD 67 -0.130 -0.383 0.982 0.440 LLCMD 57 0.109 -0.537 0.968 0.139
LLCBL 67 -0.027 -0.046 0.992 0.943 LLCBL 59 0.070 -0.361 0.984 0.618 LLCBL 67 ■0.027 -0.046 0.992 0.943 LLCBL 57 0.078 -0.322 0.986 0.770

LLP3MD 67 0.159 0.296 0.986 0.669 LLP3MD 60 -0.006 -0.376 0.977 0.320 LLP3MD 67 0.121 0.327 0.986 0.665 LLP3MD 57 0.020 -0.427 0.977 0.335
LLP3BL 66 -0.195 0.037 0.988 0.791 LLP3BL 60 0.191 -0.671 0.976 0.292 LLP3BL 67 0.199 0.818 0.984 0.570 LLP3BL 57 0.101 -0.743 0.976 0.314

LLP4MD 67 0.141 -0.554 0.982 0.458 LLP4MD 60 0.052 -0.260 0.987 0.784 LLP4MD 67 0.141 -0.554 0.982 0.458 LLP4MD 57 -0.005 -0.253 0.985 0.686
LLP4BL 67 -0.059 -0.180 0.986 0.638 LLP4BL 60 0.274 -0.064 0.982 0.519 LLP4BL 67 -0.059 -0.180 0.986 0.638 LLP4BL 57 0.347 0.151 0.979 0.440

LLM1MD 65 -0.319 -0.095 0.974 0.189 LLM1MD 60 -0.144 0.023 0.987 0.772 LLM1MD 67 -0.316 -0.173 0.976 0.221 LLM1MD 57 -0.179 0.079 0.985 0.721
LLM1BL 64 -0.273 -0.145 0.980 0.394 LLM1BL 58 0.066 -0.461 0.978 0.390 LLM1BL 67 -0.298 -0.020 0.979 0.308 LLM1BL 57 0.087 -0.349 0.981 0.525
LLM2MD 25 0.099 -0.707 0.975 0.767 LLM2MD 55 0.017 -0.140 0.978 0.420 LLM2MD 67 -0.189 0.333 0.980 0.348 LLM2MD 57 0.332 0.442 0.978 0.385
LLM2BL 44 -0.078 -0.137 0.979 0.594 LLM2BL 60 -0.171 -0.307 0.988 0.815 LLM2BL 67 0.094 -0.308 0.983 0.496 LLM2BL 57 0.068 -0.577 0.983 0.599
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1.
2.
3.

Gl = skewness and G2 = kurtosis.
WSW= W statistic of the Shapiro-Wilks (1965) test for normality (Hemphill 2018a).
PSW= p-value associated with the Shapiro-Wilks test for normality (Hemphill 2018a).



The data for the raw measurements of the Rong and the A'chik were then submitted to 

principal components analysis by sex. The distributional statistics for the other seven groups are 

provided in Appendix A.

One variable (ULM1BL) for Rong females had a borderline significant value (0.053) for 

the Shapiro-Wilk test after removal of outliers, but both the G1 and G2 values are less than +/- 1 

indicating the distribution is not outside the range of normality. However, the negative kurtosis 

value for ULM1BL is likely the cause of it being borderline significant (Table 5.15). Since it has 

a bit of a negative kurtosis, it means that the distribution may be slightly platykurtic. One 

variable (ULP4BL) for Rong males had a significant value (0.024) the Shapiro-Wilk test after 

removal of outliers, but both values are less than +/- 1 indicating the distribution is not outside 

the range of normality. However, the positive skewness value for ULM1BL is likely the cause of 

it being borderline significant. Since it has a bit of a positive skew kurtosis, it may mean that the 

distribution is skewed slightly to the right or that the distribution is leptokurtotic. After EM 

estimation, the UM1BLvariable was still borderline significant (0.053) among Rong females for 

the Shapiro-Wilk test for likely the same reason. However, the variable for Rong males is 

slightly more significant, also likely due to its same respective reason.

The same variable (ULM1BL) for Rong females was significant for the A'chik females 

(p = 0.034). However, for A'chik females the values for skewness and kurtosis are about equal. 

G1 (representing skewness) was positive and G2 (representing kurtosis) was negative. EM 

estimation had no impact on this variable, neither skewness nor kurtosis. Four variables among 

A'chik males were found to be significant or borderline significant. The first significant variable 

was UI1MD (p = 0.035). It is likely significant due to its associated (positive) G1 value. The 

UCBL variable was borderline significant (p = 0.052). The absolute values for skewness and 
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kurtosis were close. However, G1 was positive and G2 was negative. The same pattern was true 

for LCMD, which also had the same borderline significant p-value. Although LP3MD was found 

to be significant (p = 0.045), its associated values for skewness and kurtosis were also. G1 had a 

slightly larger absolute value and was positive, whereas G2 was negative. After the EM 

estimation, the LP3MD variable was found to be slightly more significant with a similar trend as 

before the EM estimation, but G2 absolute value is slightly larger. Everything for LCMD stayed 

the same. The UI1MD variable was still significant but slightly less so. Its G1 value was still 

positive and its G2 value was still negative, but the G1 value decreased a little and the G2 value 

increased. Lastly, the UCBL became more significant, and this is likely due to the increase in its 

G1 value that it experienced, increasing the amount of positive skew.

5.3 EM Estimation

Only 19.7% (14/71) Rong females and 23.3% of Rong males (14/60) were originally 

represented by a complete set of data for all 28 variables. EM estimation was used to improve the 

data completeness per individual without compromising the data integrity. After EM estimation 

the Rong had complete datasets for 94.4% (67/71) of females and 95% (57/60) of males. 

Similarly, only 27.7% (13/47) A'chik females and 13.2% of A'chik males (9/68) were originally 

represented by a complete set of data for all 28 variables. After EM estimation, the A'chik had 

complete datasets for 98.5% (67/68) of males. The proportion was unfortunately less for A'chik 

females (61.8%), but it is a great improvement from 27.7%.

An examination of Table 5.16 reveals that sex dimorphism in tooth size among the Rong 

ranges from a high of 8.8% for the MD dimension of LC to a low of 2.7% for the BL dimension 

of UI2. The average absolute sex dimorphism by dimension across all of the variables is 5.4%.
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Prior to geometric scaling, male averages exceed those of females for all 28 dimensions (Table 

5.16). After geometric scaling, which ameliorates the “gross” size influence on the expression of 

sex dimorphism, male averages exceed those of females for only 13 of the 28 dimensions 

(Appendix B). The four most highly dimorphic dimensions among the Rong are LCMD, 

UM2MD, LCBL, and UM2BL. Five of the dimensions were found to differ significantly. These 

include two mandibular dimensions and three maxillary dimensions. The MD dimension for the 

maxillary teeth tended to be fairly sexually dimorphic, with the exception of the incisors.
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Table 5.16 Descriptive statistics of the raw measurements among Rong females and males after EM estimation.

Females (n=67) Males (n=57)
Variable Mean sd CV Mean sd CV fl1 P %se×d2 Rank3
LHMD 4.896 0.271 5.537 5.153 0.309 5.996 1.204 0.275 5.262 14
LHBL 5.352 0.295 5.506 5.581 0.366 6.551 2.065 0.153 4.263 23
LI2MD 5.421 0.350 6.451 5.672 0.379 6.682 0.922 0.339 4.630 21
LI2BL 5.555 0.362 6.525 5.891 0.339 5.750 0.302 0.583 6.048 9
LCMD 6.061 0.327 5.395 6.596 0.382 5.794 1.430 0.234 8.827 1
LCBL 6.697 0.469 6.999 7.225 0.524 7.246 0.543 0.463 7.884 3

LP3MD 6.425 0.351 5.462 6.789 0.486 7.165 6.204 0.014 5.666 11
LP3BL 7.378 0.423 5.731 7.777 0.415 5.335 0.108 0.743 5.408 13
LP4MD 6.410 0.405 6.312 6.709 0.478 7.122 0.911 0.342 4.665 20
LP4BL 7.742 0.428 5.522 8.105 0.470 5.803 0.518 0.473 4.689 18
LM1MD 10.444 0.398 3.807 11.042 0.592 5.364 6.956 0.009 5.724 10
LM1BL 10.146 0.376 3.709 10.512 0.394 3.750 0.171 0.680 3.605 26
LM2MD 9.671 0.421 4.349 10.177 0.435 4.277 0.071 0.790 5.234 15
LM2BL 9.682 0.411 4.246 10.213 0.476 4.662 0.715 0.399 5.487 12
UI1MD 7.864 0.462 5.880 8.234 0.494 5.994 0.214 0.645 4.708 17
UI1BL 6.344 0.485 7.642 6.630 0.459 6.916 0.453 0.502 4.505 22
∪I2MD 6.287 0.561 8.927 6.519 0.520 7.979 0.008 0.931 3.687 25
UI2BL 5.621 0.451 8.027 5.775 0.384 6.652 1.138 0.288 2.730 28
UCMD 6.876 0.434 6.309 7.316 0.396 5.410 0.173 0.678 6.394 6
UCBL 7.214 0.417 5.784 7.489 0.478 6.387 0.788 0.376 3.803 24

UP3MD 6.571 0.341 5.188 6.977 0.446 6.393 5.014 0.027 6.186 7
UP3BL 8.781 0.526 5.985 9.070 0.523 5.771 0.350 0.555 3.291 27
UP4MD 6.132 0.313 5.102 6.505 0.390 5.999 3.451 0.066 6.088 8
UP4BL 8.502 0.519 6.108 8.900 0.571 6.420 0.112 0.738 4.678 19
UM1MD 9.536 0.430 4.504 10.198 0.563 5.524 5.656 0.019 6.942 5
UM1BL 10.582 0.378 3.570 11.111 0.491 4.418 2.743 0.100 4.999 16
UM2MD 8.969 0.533 5.939 9.715 0.532 5.477 0.152 0.697 8.314 2
UM2BL 10.402 0.450 4.328 11.164 0.597 5.345 4.896 0.029 7.318 4

1. Fl is Levene’s (1960) test for homogeneity of variance (significant differences in bold).
2. %sexd is the percentage of sex dimorphism calculated in accordance with Gam et al. (1964,1977). %sexd = ([Xm/Xf] -1) × 100. Xm = mean male tooth 

dimension and Xf = mean female tooth dimension.
3. Ranking is based on the absolute value of the %sexd.



Table 5.17 Descriptive statistics of the raw measurements among A’chik females and males after EM estimation.

Females (n=47) Males (n=69)
Variable Mean sd CV Mean sd CV Fl1 P %sexd2 Rank3
U1MD 5.437 0.333 6.129 5.548 0.381 6.860 1.870 0.174 2.030 24
U1BL 5.537 0.416 7.518 5.867 0.373 6.351 0.826 0.365 5.953 8

LI2MD 5.920 0.394 6.652 6.135 0.477 7.776 2.112 0.149 3.633 17
LI2BL 5.951 0.407 6.836 6.117 0.374 6.118 0.655 0.420 2.789 21

LCMD 6.602 0.288 4.359 7.101 0.451 6.347 14.692 0.000 7.558 1
LCBL 6.923 0.479 6.922 7.326 0.525 7.163 0.086 0.770 5.829 9

LP3MD 7.104 0.300 4.224 7.281 0.375 5.154 1.903 0.170 2.501 23
LP3BL 7.819 0.507 6.486 8.142 0.481 5.914 0.442 0.508 4.129 16

LP4MD 7.170 0.375 5.226 7.254 0.428 5.895 1.216 0.272 1.172 27
LP4BL 8.130 0.483 5.943 8.354 0.548 6.561 0.242 0.624 2.755 22

LM1MD 11.347 0.457 4.030 11.680 0.521 4.460 1.221 0.272 2.935 20
LM1BL 10.406 0.475 4.562 10.866 0.515 4.742 0.990 0.322 4.412 13

LM2MD 10.356 0.380 3.664 10.678 0.599 5.607 9.553 0.003 3.103 19
LM2BL 10.152 0.471 4.639 10.587 0.434 4.097 0.940 0.334 4.292 14
UHMD 8.472 0.270 3.189 8.756 0.600 6.851 26.606 0.000 3.346 18
UHBL 6.572 0.417 6.346 6.988 0.478 6.836 1.419 0.236 6.324 5

UI2MD 6.602 0.517 7.829 7.037 0.634 9.005 2.377 0.126 6.586 4
UI2BL 5.830 0.396 6.795 6.147 0.564 9.181 7.132 0.009 5.434 10
UCMD 7.453 0.431 5.787 7.958 0.505 6.340 1.570 0.213 6.776 3
UCBL 7.511 0.493 6.566 8.049 0.576 7.157 0.807 0.371 7.164 2

UP3MD 7.272 0.430 5.909 7.418 0.411 5.536 0.491 0.485 2.007 25
UP3BL 9.055 0.479 5.290 9.441 0.465 4.929 0.138 0.710 4.262 15

UP4MD 6.856 0.250 3.639 6.986 0.430 6.149 9.119 0.003 1.887 26
UP4BL 8.909 0.437 4.903 9.332 0.578 6.193 4.086 0.046 4.748 11

UM1MD 10.932 0.523 4.780 10.932 0.523 4.780 1.474 0.227 0.000 28
UM1BL 10.917 0.482 4.419 11.574 0.516 4.462 0.415 0.521 6.018 7

UM2MD 9.873 0.448 4.540 10.337 0.594 5.748 5.657 0.019 4.696 12
UM2BL 10.777 0.489 4.541 11.459 0.587 5.119 0.270 0.604 6.323 6

1. Fl is Levene’s (1960) test for homogeneity of variance (significant differences in bold).
2. %sexd is the percentage of sex dimorphism calculated in accordance with Garn et al. (1964,1977). %sexd = ([Xm∕Xf] -1) × 100. Xm = mean male tooth 

dimension and Xf= mean female tooth dimension.
3. Ranking is based on the absolute value of the %sexd.
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An examination of Table 5.17 reveals that sex dimorphism in tooth size among the 

A'chik ranges from a high of 7.6% for the MD dimension of LC to a low of 0.0% for the MD 

dimension of UM1. The average absolute sex dimorphism by dimension across all of the 

variables is 4.2%. Male averages exceeded those of females for 27 of the 28 dimensions. The 

only dimension it did not exceed was the one for which there was no sexual dimorphism 

(UM1MD). After geometric scaling, male averages exceed those of females for 14 of the 28 

dimensions and the averages are equal for one dimension (Appendix B). The four most highly 

dimorphic dimensions are LCMD, LP4MD, UCBL, and UP4MD. Four of the dimensions were 

found to be significant, with only one of the significant values found among the lower dental 

arcade. Although the other three were found among the maxillary dimensions, the anterior 

maxillary dimensions tended to be fairly sexually dimorphic.

5.4 Levene's Test

Levene's test was used to examine homogeneity of variance for the 28 odontometric 

variables among Rong and A'chik males and females. With the raw data for the Rong, five 

variables exhibited significant heterogeneity by sex (Table 5.16). Two of the variables were of 

the mandible (LP3MD and LM1MD), while the other three were of the maxilla (UP3MD, 

UM1MD, UM2BL). With the raw data for the A'chik, seven variables exhibited significant 

heterogeneity by sex (Table 5.17). Two of the variables were mandibular (LCMD and LM2MD), 

while the remaining five were maxillary (UI1MD, UI2BL, UP4MD, UP4BL, UM2MD). All but 

two involve the maxillary teeth and all but two involve the mesiodistal dimension.

With the geometrically scaled data for the Rong, three variables exhibited significant 

heterogeneity by sex; one from the mandible and two from the maxilla: LM2BL, UCMD, and 
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UM2BL (Table 5.18). Among the scaled data for the A'chik, four of the variables exhibited 

significant heterogeneity by sex; one mandibular and three maxillary: LP4BL, ULI1MD, 

ULI2BL, and UP4BL (Appendix B). Similar to the raw data, all but two involve the maxillary 

teeth. In contrast to the raw data, all but two of these involve the buccal-lingual dimension.

The results obtained from Levene's test showed that the majority of the variables among 

the Rong and A'chik had high homogeneity of variance, which was important to establish before 

comparing these population groups with parametric statistics. Tables demonstrating which 

groups had the greatest variation per variable can be found in Appendix B.

5.5 Principal Components Analysis

Geometrically scaled values were submitted to principal component analysis. For the 

Rong, when the minimum threshold was set to an eigenvalue of 2, the scree plots indicated that 

the first four components should be retained for both males and females as they account for 51.9 

% and 48.8% of the total variance, respectively (Table 5.18).

The examination of the unrotated variable loadings for the first component for females 

(Table 5.18) shows a regional component, especially in the anterior of the mandible. The 

loadings for the MD dimensions of LI1, LI2, LC, and LP3 were all negative, and the MD 

dimension for LP4 was positive, but a very small loading. The first component is muted 

posteriorly as one moves toward the molars. Among the maxillary teeth, the MD loadings for all 

but UM2, were negative. Only three of the BL dimensions were negative, and two (UI2BL and 

UCBL) were exceptionally low.
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Table 5.18 Unrotated principal component loadings, eigenvalues and percentage of 
variance explained among Rong by sex based upon geometrically scaled measurements after EM 

estimation.

Tooth Dim.

Component
1 2 3 4

F M F M F M F M
LI1 MD -0.240 0.378 0.459 -0.174 -0.235 -0.315 0.165 0.246

BL 0.585 -0.603 -0.072 -0.414 -0.172 0.029 -0.271 0.131
LI2 MD -0.466 0.417 0.303 -0.055 -0.241 -0.531 -0.232 0.450

BL 0.439 -0.705 -0.328 -0.466 -0.384 -0.032 -0.225 -0.038
LC MD -0.370 0.559 0.101 -0.212 -0.411 -0.153 -0.015 0.275

BL 0.287 -0.355 -0.420 -0.552 -0.354 -0.215 -0.294 -0.028
LP3 MD -0.287 0.466 0.304 -0.015 0.258 0.410 -0.133 -0.003

BL 0.491 -0.719 -0.147 -0.143 0.320 0.116 -0.466 0.090
LP4 MD 0.017 0.524 0.157 0.139 0.049 0.629 -0.533 0.134

BL 0.478 -0.502 0.072 0.027 0.393 0.501 -0.412 0.330
LM1 MD 0.128 0.464 0.740 0.162 -0.155 -0.047 -0.046 -0.461

BL 0.321 -0.445 0.616 0.560 -0.023 -0.360 -0.013 0.052
LM2 MD 0.441 0.197 0.304 0.588 -0.116 0.241 0.422 -0.156

BL 0.642 -0.486 0.501 0.710 0.043 -0.234 0.075 -0.022
UI1 MD -0.662 0.428 0.303 -0.071 -0.054 -0.131 -0.014 0.353

BL 0.126 0.036 -0.586 -0.193 -0.508 -0.113 0.031 -0.410
UI2 MD -0.637 0.430 -0.133 -0.198 0.173 -0.134 -0.002 0.238

BL -0.013 -0.036 -0.664 -0.003 -0.002 -0.593 0.290 -0.062
UC MD -0.390 0.274 -0.170 -0.193 -0.261 -0.043 0.288 0.191

BL -0.008 -0.267 -0.589 -0.402 -0.267 -0.176 0.366 -0.605
UP3 MD -0.523 0.410 0.022 -0.146 0.380 0.990 0.133 -0.579

BL 0.193 -0.171 -0.522 0.031 0.596 0.629 0.006 -0.190
UP4 MD -0.485 0.594 0.122 0.094 0.317 0.473 -0.117 0.138

BL -0.158 -0.262 -0.256 0.038 0.777 0.752 0.035 0.149
UM1 MD -0.054 0.479 0.627 0.426 -0.172 -0.200 0.020 -0.293

BL 0.258 -0.476 0.208 0.636 0.491 -0.027 0.328 0.306
UM2 MD 0.548 0.435 0.283 0.398 0.004 -0.236 0.377 -0.050

BL 0.416 -0.412 0.086 0.742 0.204 -0.119 0.653 -0.101
Eigenvalue 4.434 5.516 4.163 3.610 2.897 3.291 2.178 2.091

Pct. Var. Expl. 15.834 19.701 14.869 12.893 10.345 11.755 7.780 7.469
Cumulative % 15.834 19.701 30.703 32.593 41.048 44.348 48.828 51.817

An examination of the unrotated variable loadings for the first component among males 

(Table 5.18) shows a dimensional component. Among the mandibular teeth, all of the loadings 

for the BL dimension were negative. This also held true for the maxillary teeth, with the 

exception of UL1BL. Although the loading for UL1BL was not negative, it was very low. Across 

the maxillary and mandibular teeth, all of the loadings for the MD dimension were positive. 

Additionally, there was a contrast in magnitude between the MD and BL dimensions for the
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maxillary teeth for both males and females. All of the maxillary teeth had higher loadings for the 

MD dimension, with the exception of the U1M among the females.

Component two appears to draw a dimensional distinction among females, but in this 

case, it is the BL dimensions that receive the lower loadings. Among males this component 

draws a regional distinction in which anterior teeth of both arcades receive lower loadings than 

their posterior counterparts.

Component three draws a regional distinction among Rong females with anterior teeth 

receiving lower loadings than posterior teeth. This component among Rong males serves to 

highlight premolar dimensions in both dental arcades.

The fourth component draws a contrast by arcade, especially among females in which 

mandibular variables receive more negative loadings than their maxillary isomeres. The same 

distinction is found among males, but it is much less marked than among their female 

counterparts.

As with the Rong, when the minimum threshold was set to an eigenvalue of 2, the scree 

plots for the A'chik indicated that the first four components should be retained for the males, but 

the first five should be retained for the females. The first four components for the males account 

for 47.8% of the total variance and the first five components for the females account for about 

57% of the variance (Table 5.19).

Examination of the unrotated variable loadings for the first component for the males 

(Table 5.19) reveals a dimensional distinction. All fourteen BL dimensions had negative 

loadings. The females exhibit a similar trend among the mandibular teeth. Additionally, among 

both the mandibular and maxillary teeth among the females, the anterior teeth had higher 

loadings in the BL dimension, whereas the posterior teeth had higher loadings in the MD 
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dimension, with the exception of UM2. The polarity of the loadings also highlighted a distinction 

between the anterior and posterior maxillary teeth.

Table 5.19 Unrotated principal component loadings, eigenvalues and percentage of variance 
explained among A'chik by sex based upon geometrically scaled measurements after EM 

estimation.

T∞th Dim.

Component
1 2 3 4 5

F M F M F M F M F M
LI1 MD 0.101 0.515 -0.624 -0.201 -0.119 -0.380 -0.411 -0.088 -0.118 0.201

BL -0.499 -0.503 0.173 -0.228 -0.247 -0.414 0.335 -0.187 -0.538 0.281
U2 MD 0.053 0.509 -0.666 -0.223 -0.085 -0.281 -0.360 -0.068 -0.236 0.304

BL -0.612 -0.535 0.180 -0.278 -0.228 -0.489 0.367 -0.177 -0.498 -0.040
LC MD 0.278 0.599 -0.373 -0.073 0.345 0.114 0.138 -0.162 -0.200 0.102

BL -0.603 -0.414 0.170 -0.352 -0.620 -0.218 0.163 -0.199 -0.222 -0.082
LP3 MD 0.333 0.346 -0.045 0.325 0.554 -0.006 0.279 -0.433 -0.212 0.065

BL 0.015 -0.407 0.460 0.076 0.448 0.335 -0.311 -0.366 0.010 0.518
LP4 MD 0.415 0.277 -0.041 0.518 0.304 -0.077 -0.034 -0.352 0.001 -0.008

BL -0.012 -0.272 0.505 0.145 0.269 0.380 -0.571 -0.110 0.065 0.594
LM1 MD 0.724 0.398 -0.064 0.268 -0.175 -0.339 -0.163 0.211 -0.120 -0.255

BL 0.363 -0.047 0.518 0.460 -0.562 -0.232 -0.159 0.649 0.083 0.178
LM2 MD 0.526 -0.138 -0.020 0.732 -0.156 -0.146 0.481 -0.364 0.132 -0.314

BL 0.171 -0.467 0.528 0.611 -0.251 -0.109 -0.262 0.179 -0.154 -0.109
UI1 MD 0.226 0.563 -0.126 -0.315 -0.393 -0.272 0.300 -0.005 0.493 0.292

BL -0.520 -0.459 0.002 -0.616 -0.415 -0.212 0.255 -0.061 0.446 -0.268
UI2 MD -0.032 0.630 -0.532 0.037 -0.380 -0.030 -0.590 0.050 -0.034 -0.296

BL -0.437 -0.383 -0.186 -0.404 -0.285 0.107 -0.271 0.196 0.474 -0.391
UC MD -0.423 0.582 -0.314 -0.166 0.439 0.226 0.009 0.188 0.151 -0.122

BL -0.590 -0.184 0.161 -0.454 0.139 0.205 0.285 0.287 0.204 -0.198
UP3 MD -0.157 0.435 -0.383 -0.026 0.667 0.510 0.194 0.142 -0.014 -0.125

BL -0.217 -0.209 0.404 -0.027 0.472 0.557 -0.188 0.200 0.473 0.035
UP4 MD 0.493 0.134 -0.367 -0.134 0.194 0.499 0.331 -0.113 0.210 -0.407

BL 0.090 -0.080 0.467 -0.059 0.471 0.822 -0.193 0.105 0.012 0.264
UM1 MD 0.730 0.119 -0.029 0.408 -0.057 -0.278 0.239 0.550 -0.059 0.256

BL 0.433 -0.307 0.399 0.122 -0.226 -0.124 -0.028 0.687 -0.311 0.171
UM2 MD 0.429 -0.220 0.126 0.680 -0.155 0.066 0.308 -0.127 0.324 -0.279

BL 0.454 -0.297 0.363 0.487 0.087 0.164 0.102 -0.124 0.009 -0.053
Eigenvalue 4.797 4.374 3.516 3.724 3.142 3.003 2.483 2.286 2.014 1.941

Pct. Var. Expl. 17.132 15.623 12.556 13.301 11.222 10.725 8.869 8.163 7.194 6.933
Cumulative % 17.132 15.623 29.688 28.924 40.909 39.649 49.778 47.812 56.973 54.745

Component two draws a dimensional distinction among females in which MD 

dimensions receive lower loadings than their BL counterparts on the same tooth. For males, 

component two draws a regional distinction between anterior and posterior teeth with the former 

receiving lesser loads than their posterior counterparts.

Component three draws a regional distinction among females with anterior teeth 

receiving lesser loads than posterior teeth. Component three among males draws a distinction by 

arcade, in which mandibular variable receive smaller loads than their maxillary isomeres.
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Among females the fourth component is marked by all of the teeth in the maxilla having 

greater loadings in the MD dimension, except the canine. Most of the lower loadings were also 

negative. For the mandibular teeth the first incisor and the molars had greater loadings in the MD 

dimension, whereas the second incisor, canine, and premolars molars had higher loadings in the 

BL dimension. The loadings for the posterior mandibular teeth also tended to be negative. With 

the exception of the first molar and the BL dimension of the second molar, all of the loadings for 

the mandibular teeth among the males were negative in contrast to the mostly positive loadings 

for the maxillary teeth. For males the fourth component draws a distinction by arcade similar to 

that drawn by the third component.

For the females, component 5 draws a dimensional distinction in the mandible between 

anterior and posterior teeth in which the former receive lesser loadings than the latter.

5.6 MANOVA

A multivariate analysis of variance across all living samples by group, sex, and the 

interaction between group and sex after EM estimation and geometric scaling is presented in 

Table 5.20.

All of the 28 dental variables were significant across groups, while 17 differed by sex, 

and nine were significant among the group membership and group-specific expression of sex 

interaction (Table 5.20). The results provided in Table 5.20 indicate that across members of these 

ethnic groups, ethnic group membership plays the most influential role, followed by differences 

in tooth size allocation by sex, and lastly by the interaction between group membership and 

group-specific expression of sex dimorphism.
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Table 5.20 Multivariate analysis of variance across all living samples by group, sex, and the interaction
between group and sex after EM estimation and geometric scaling.

Group Sex Group*Sex
Variable F P1 F P F P
LI1MD 21278 0.000 32.630 0.000 1.172 0.312
LI1BL 13.707 0.000 7561 0.006 1.933 0.052
LI2MD 8.824 0.000 17.368 0.000 0.660 0.727
LI2BL 16235 0.000 0244 0.621 1.784 0.076
LCMD 8.615 0.000 82212 0.000 2.071 0.036
LCBL 12.385 0.000 18.345 0.000 1.333 0223

LP3MD 17.973 0.000 16.867 0.000 1.888 0.058
LP3BL 9.562 0.000 0.324 0.569 1.172 0.313

LP4MD 27.121 0.000 29.133 0.000 3.061 0.002
LP4BL 8.787 0.000 17.532 0.000 1.642 0.108

LM1MD 15.371 0.000 0.073 0.787 2.988 0.003
LM1BL 25.621 0.000 11.877 0.001 0.801 0.602
LM2MD 37.727 0.000 0218 0.641 1.277 0251
LM2BL 18286 0.000 0.120 0.729 1.165 0.317
UI1MD 3.441 0.001 5.132 0.024 1.330 0.224
UI1BL 42239 0.000 0.795 0.373 1.209 0.290
UI2MD 7.600 0.000 0.012 0.913 1.918 0.054
UI2BL 16.303 0.000 1.986 0.159 1.163 0.318
UCMD 5.044 0.000 17.108 0.000 1.033 0.409
UCBL 17.499 0.000 18.456 0.000 1.858 0.063

UP3MD 69295 0.000 13.102 0.000 1.205 0.292
UP3BL 15.139 0.000 0.868 0.352 2211 0.024

UP4MD 53.305 0.000 12.009 0.001 1.962 0.048
UP4BL 5.560 0.000 0.004 0.950 1.256 0263

UM1MD 9.207 0.000 4209 0.040 2.364 0.016
UM1BL 30.865 0.000 10234 0.001 1.466 0.165
UM2MD 32.100 0.000 0.930 0.335 3.145 0.002
UM2BL 15.382 0.000 49.502 0.000 0.884 0.529

Pillai’s Trace 12.193 0.000 11.120 0.000 1.409 0.000

12
9



Table 5.21 Multivariate analysis of variance across the Rong and A'chik by group, sex, and the 
interaction between group and sex after EM estimation and geometric scaling.

Group Sex Group*Sex
Variable F P1 F P F P

LI1MD 19.544 0.000 3.320 0.070 2.562 0.111
LI1BL 7.208 0.008 0.141 0.708 3.683 0.056
LI2MD 10.380 0.001 1.115 0.292 0.000 0.985
LI2BL 1.026 0.312 0.255 0.614 2.273 0.133
LCMD 14.009 0.000 35.919 0.000 0.017 0.897
LCBL 24.043 0.000 6.508 0.011 0.449 0.503

LP3MD 19.381 0.000 1.889 0.171 2.965 0.086
LP3BL 2.206 0.139 0.003 0.956 0.030 0.862

LP4MD 37.244 0.000 11.109 0.001 4.381 0.037
LP4BL 14.231 0.000 3.531 0.061 0.568 0.452

LM1MD 4.069 0.045 1.516 0.219 3.065 0.081
LM1BL 48.166 0.000 3.197 0.075 3.908 0.049
LM2MD 0.171 0.680 1.934 0.166 1.224 0.270
LM2BL 18.256 0.000 0.023 0.880 0.019 0.889
UI1MD 2.047 0.154 2.394 0.123 0.107 0.744
UI1BL 5.045 0.026 0.561 0.455 3.406 0.066
UI2MD 0.059 0.808 0.072 0.788 4.220 0.041
UI2BL 1.741 0.188 0.656 0.419 3.998 0.047
UCMD 16.046 0.000 9.060 0.003 1.572 0.211
UCBL 0.457 0.499 0.814 0.368 10.245 0.002

UP3MD 16.684 0.000 2.274 0.133 8.257 0.004
UP3BL 22.027 0.000 3.806 0.052 3.537 0.061

UP4MD 42.103 0.000 3.707 0.055 10.358 0.001
UP4BL 5.621 0.019 0.057 0.812 0.956 0.329

UM1MD 27.692 0.000 0.617 0.433 4.733 0.031
UM1BL 32.593 0.000 2.084 0.150 5.407 0.021
UM2MD 12.483 0.000 7.630 0.006 4.766 0.030
UM2BL 37.817 0.000 14.659 0.000 0.002 0.966

PiIIai's Trace 0.531 0.000 0.373 0.000 0.284 0.000

A multivariate analysis of variance across the Rong and A'chik by group, sex, and the 

interaction between group and sex after EM estimation and geometric scaling presented 

significant interactions in each of the forementioned categories (Table 5.21). Twenty-one dental 

variables were significant across groups, while seven differed across sex, and 10 were significant 

among the group membership and group-specific expression of sex interaction. For the 

differences across groups, there were three significant interactions among the mandibular teeth: 

two in the buccal lingual dimension and one in the mesiodistal dimension. Among the maxillary 
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teeth, there was more of a balance between the significant interactions in two dimensions, but all 

of the posterior dental variables had significant interactions in contrast to just two anterior dental 

variables (Table 5.21).

For the differences across sex (LCMD, LCBL, LP4MD, UCMD, UP3BL, UM2MD 

UM2BL), all but two (UP3BL and UM2MD) of the significant variables were also significant 

across groups. Half of the significant differences among the group membership and group

specific expression of sex interaction were also significant across all of the groups (LP4MD, 

UI2MD, UP4MD, UM1MD, UM2MD), and half were only significant across these two groups 

(LM1BL, UI2BL, UCBL, UP3MD, UM1BL).

The results provided in Table 5.21 support that across members of these ethnic groups, 

ethnic group membership plays the most influential role, but suggest the interaction between 

group membership and group-specific expression of sex dimorphism is the next influential 

factor, followed by differences in tooth size allocation by sex.

5.7 Canonical Variate Analysis

The complete canonical variates analysis with sexes pooled across all groups considered 

yielded six canonical axes, the first three of which combine to account for 74.7% of the total 

variance (Appendix B).

The first canonical axis, which alone accounts for 38.6% of the variance among samples, 

draws a distinction between the Khow and Rong, as well as distinguishing the Khow, Rong, and 

A'chik from the other groups. The second canonical axis accounts for 19.3% of the variance 

among samples and groups the Chenchus, Pakanati Reddis, and the Gompadhompti Madgas (SE 

peninsular India) together. The third canonical axis accounts for 16.8% of the variance among 
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samples and separates the NW peninsular Indian groups (Bhils, Garasias, Veghela Rajputs) from 

the others. Group centroid scores based on the first three canonical axes were used to generated 

Figures 5.1 and 5.2.

Figure 5.1 Three-dimensional ordination of group centroids based on scores for the first 
three canonical axes among all nine groups with sexes pooled. SE peninsular groups are 

designated by triangles, NW peninsular groups are designated by squares, the Pakistani group is 
designated by a circle, and the NE peninsular groups are designated by stars.

When the sexes were separated the complete canonical variates analysis yielded six 

canonical axes, the first three of which combine to account for 63.2% of the total variance 

(Appendix B).

As was observed when sexes were pooled, the first canonical axis, which alone accounts 

for 31.8% of the variance among samples, draws a distinction between the Khow and Rong, as 

well as the Khow, Rong, and A'chik from the other groups. The second canonical axis accounts 

for 16.9% of the variance among samples and groups the Chenchus, Pakanati Reddis, and the 

Gompadhompti Madgas (SE peninsular India) together. The third canonical axis accounts for 
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14.5% of the variance among samples and separates the NW peninsular Indian groups (Bhils, 

Garasias, Veghela Rajputs) from the others.

Figure 5.2 Three-dimensional ordination of group centroids based on scores for the first 
three canonical axes among all living groups with sexes separate. SE peninsular groups are 

designated by triangles, NW peninsular groups are designated by squares, the Pakistani group is 
designated by a circle, and the NE peninsular groups are designated by stars.

Pairwise Mahalanobis distances (D2) based upon all six canonical axes (Table 5.22) were 

submitted to multidimensional scaling into three dimensions with Kruskal's stress formula 1. 

The output was generated after 8 iterations, with a stress level of 0.004 (considered near perfect: 

Kruskal 1964), which accounts for 99.9% of the total variance (Hemphill 2018a).
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Table 5.22 Pairwise Mahalanobis distances (D2) between all living samples based on the six 
canonical axes obtained with sexes pooled.

BHI CHU ACH GPD GRS KHO RON PNT RAJ
BHI —

CHU 32.980 —
ACH 30.459 37.524 —
GPD 27.333 22.757 25.327 —
GRS 23.013 24.690 33.139 25.321 -
KHO 35.886 25.223 42.427 28.965 30.360 —
RON 24.787 35.843 24.485 30.941 31.570 40.096 -
PNT 25.808 20.327 27.197 11.408 22.590 25.391 30.174 —
RAJ 27.104 21.572 32.062 21.593 21.955 28.347 33.626 16.915 —

A second complete canonical variates analysis was carried out, but in this case the sexes 

were considered separately, so the variation among females and males could be explored (Table 

5.23). A total of 13 canonical axes were obtained and combined, the first three account for 56.7% 

of the total variance among individuals by ethnic group and sex. Group centroid scores based on 

the first three canonical axes were used to generate Figures 5.3 and 5.4.
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Table 5.23 Pairwise Mahalanobis distances (D2) between all living samples based on the six 
canonical axes obtained with sexes separated.

BHIf BHIm CHUf CHUm ACHf ACHm GPDf GPDm GRSf GRSm KHOf KHOm RONf RONm PNTf PNTm RAJf RAJm

RAJm 37.386 29.022 24.855 26.796 45.644 32.400 30.307 24.299 29.602 25.569 32.045 35.230 41.617 37.718 24.230 19.926 25.002 -

RAJf 29.668 30.178 28.043 34.387 45.814 39.582 27.628 32.818 23.527 31.412 39.254 47.251 36.654 40.813 20.896 26.480 -
PNTm 32.640 26.364 25.146 25.324 39.404 27.707 18.166 12.740 29.088 26.687 28.984 34.115 37.554 34.025 16.445 -
PNTf 33.016 32.015 26.474 31.697 39.117 31.162 19.639 23.812 25.879 30.744 32.867 42.030 35.961 36.621 -

RONm 34.513 30.661 40.606 42.887 33.408 24.533 34.851 35.940 39.072 38.597 48.111 50.188 22.418 -
RONf 28.762 32.433 44.086 46.266 37.980 34.505 37.597 41.362 35.366 40.452 48.559 54.704 -
KHOm 52.529 42.665 34.804 28.817 61.793 48.749 46.530 34.977 46.502 38.172 19.629 -

KHOf 44.459 39.340 31.640 31.086 54.224 44.529 37.589 31.373 36.901 32.334 -

GRSm 31.732 26.177 31.572 28.808 46.585 34.171 34.545 27.444 20.629 -

GRSf 25.508 31.223 31.460 34.250 42.188 37.329 29.890 32.021 -

GPDm 35.377 30.178 26.567 24.445 41.729 29.931 20.371 -

GPDf 31.999 33.669 30.186 35.728 30.892 27.062 -

ACHm 36.041 31.526 38.424 41.485 23.480 -
ACHf 38.461 43.309 46.124 54.018 -

CHUm 43.985 36.411 18.315 -
CHUf 40.418 37.409 -
BHIm 20.919 -
BHIf -
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Figure 5.3 Three-dimensional ordination of multidimensionally scaled pairwise Mahalanobis 
distances (D2) for all 13 canonical axes among all groups with sexes separate. SE peninsular 

groups are designated by triangles, NW peninsular groups are designated by squares, the 
Pakistani group is designated by a circle, and the NE peninsular groups are designated by stars.

Figure 5.4 Three-dimensional ordination of multidimensionally scaled pairwise 
Mahalanobis distances (D2) among all nine samples based on all six canonical axes with sexes 

pooled. SE peninsular groups are designated by triangles, NW peninsular groups are designated 
by squares, the Pakistani group is designated by a circle, and the NE peninsular groups are 

designated by stars.
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5.8 Classification Matrices

In the original classification matrix for the groups with sexes separated - six of the nine 

groups were identified correctly in the majority of cases. The correct assignment percentage for 

the Rong and A'chik were the second and third highest after the Khow. Jackknifing reduced the 

accuracy of correct assignment for all of the groups except Chenchus. However, six of the nine 

groups were identified correctly in the majority of cases, and the percentage of correct 

assignment percentage for the Rong and A'chik remained the second and third highest after the 

Khow (Tables 5.24 and 5.25). The higher accuracy in identification for these three groups, 

further promotes the idea of a larger biological distance between them the six peninsular Indian 

groups. Although the six peninsular groups had lower rates of correct assignment by group, it 

should be noted that even for the most poorly identified group (PNT), far exceeds the rate of 

correct assignment by chance alone (11.1%).

In the original classification matrix, the group that the Rong were most likely to be 

misidentified were the A'chik, followed by the Bhils (a tribal group from NW peninsular India). 

In the original classification matrix, the group that the A'chik were most likely to be 

misidentified as were the Rong, followed by Gompadhompti Madgas and Pakanati Reddis (SE 

peninsular Indian caste groups). The same held true for the jackknifed classification matrix, but 

an equal number of A'chik were also classified as Bhils, Gompadhompti Madgas and the 

Pakanati Reddis (Tables 5.24 and 5.25).
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Table 5.24 Original Classification Matrix for Groups with Sexes Pooled.

BHI CHU ACH GPD GRS KHO RON PNT RAJ %correct
BHI 90 3 4 3 23 2 18 10 6 57

CHU 8 86 3 17 13 13 5 12 14 50
ACH 8 1 72 9 3 0 11 9 3 62
GPD 6 6 12 60 5 6 6 25 12 43
GRS 25 9 5 5 104 9 7 10 16 55
KHO 5 10 0 7 6 139 4 8 7 75
RON 11 5 17 2 6 0 77 4 2 62
PNT 11 15 5 25 21 8 4 48 16 31
RAJ 8 16 4 9 22 11 5 14 65 42

Total 172 151 122 137 203 188 137 140 141 53

Table 5.25 Jack-knifed Classification Matrix for Groups with Sexes Pooled.

BHI CHU ACH GPD GRS KHO RON PNT RAJ %correct
BHI 84 3 4 4 25 3 20 9 7 53

CHU 9 85 3 17 12 13 5 12 15 50
ACH 10 1 68 10 3 0 11 10 3 59
GPD 7 7 13 52 5 7 7 28 12 38
GRS 28 10 7 5 97 9 7 11 16 51
KHO 5 13 0 8 7 132 4 10 7 71
RON 15 5 20 2 6 0 69 4 3 56
PNT 14 20 5 26 21 8 5 36 18 24
RAJ 8 18 4 9 24 11 6 14 60 39
Total 180 162 124 133 200 183 134 134 141 49

In the original classification matrix for the groups with sexes considered separately - 

only three of 18 groups were identified correctly in the majority of cases. These were A'chik 

females, Khow males, and Rong females. The percentage of A'chik and Rong males correctly 

identified were 45% and 46%, respectively. The correct assignment percentage for Rong and 

A'chik females were the second (53%) and third (55%) highest, after Khow males (63%). 

Jackknifing reduced the accuracy of correct assignment for all of the groups, except for Veghela 

Rajput females (RAJf). It should be noted that although Vaghela Rajput females had a low rate 

of correct classifications (7%), all correct assignments occur with a frequency greater than 

chance alone (5.6%). None of the groups were identified correctly more than fifty percent of the 

time, but the correct assignment percentage for the Rong and A'chik females and males occurred 

with some of the highest rates among the groups considered (Tables 5.26 and 5.27).
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In the original classification matrix, the group to which Rong females were most likely to 

be misidentified was Rong males, followed by Bhil females. The group that the Rong males were 

most likely to be misidentified were A'chik males, followed by Rong females. In the original 

classification matrix, the group that A'chik females were most likely to be misidentified were 

A'chik males, followed by Gompadhompti Madigas females. The group to which A'chik males 

were most likely to be misidentified was Gompadhompti Madigas females, followed by Rong 

males. The same pattern held true for the Rong and A'chik females in the jackknifed 

classification matrix. However, Rong males were most likely to be misclassified as Rong 

females, followed by A'chik males in the jackknifed classification matrix. A'chik males were 

most likely to be misidentified as Rong males, followed by Gompadhompti Madigas females in 

the jackknifed classification matrix (Tables 5.26 and 5.27).
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Table 5.26 Original Classification Matrix for Groups with Sex Separated.

BHIf BHIm CHUf CHUm ACHf ACHm GPDf GPDm GRSf GRSm KHOf KHOm RONf RONm PNTf PNTm RAJf RAJm %correct
BHIf 30 10 0 0 1 3 0 0 7 5 0 0 5 3 1 1 0 3 43
BHIm 6 41 1 0 1 3 3 2 4 6 1 0 6 3 0 7 0 6 46
CHUf 2 0 18 11 0 2 2 0 4 1 3 4 2 1 4 5 0 9 26

CHUm 2 2 14 39 0 0 4 8 3 5 0 7 5 0 1 5 0 8 38
ACHf 2 0 0 0 25 8 4 0 0 0 0 0 2 2 1 2 0 1 53

ACHm 1 3 1 0 3 31 8 1 1 3 0 0 3 6 2 2 0 4 45
GPDf 0 5 3 1 2 3 17 8 2 1 3 0 1 3 3 13 1 4 24

GPDm 0 0 0 3 1 4 2 15 4 3 5 1 2 2 3 16 1 6 22
GRSf 10 3 1 4 0 2 2 0 40 12 4 0 2 0 1 4 1 3 45
GRSm 2 11 1 2 1 4 1 1 13 39 3 0 2 3 1 5 1 11 39
KHOf 1 3 3 3 0 0 3 1 0 3 42 18 3 0 2 7 0 5 45
KHOm 0 2 3 2 0 0 0 0 0 1 15 58 2 0 0 5 1 3 63
RONf 5 3 0 1 1 4 1 0 3 1 0 0 37 8 0 1 0 2 55
RONm 1 4 0 0 2 10 2 0 0 0 0 0 7 26 1 2 0 2 46
PNTf 0 1 2 0 0 4 4 4 4 4 3 0 2 0 16 12 1 3 27
PNTm 1 8 3 5 1 5 4 10 4 5 4 2 2 1 6 24 0 8 26
RAJf 0 1 1 1 0 1 1 0 4 1 3 0 1 0 3 3 2 5 7

RAJm 1 4 5 5 2 4 1 11 6 8 6 1 2 1 3 8 2 57 45
Total 64 101 56 77 40 88 59 61 99 98 92 91 86 59 48 122 10 140 40
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Table 5.27 Jack-knifed Classification Matrix for Groups with Sex Separated.

BHIf BHIm CHUf CHUm ACHf ACHm GPDf GPDm GRSf GRSm KHOf KHOm RONf RONm PNTf PNTm RAJf RAJm %correct
BHIf 23 10 0 0 1 3 0 0 10 7 0 0 5 3 1 2 1 3 33
BHIm 10 33 1 0 1 3 5 3 5 7 1 0 6 3 0 6 0 6 37
CHUf 2 0 10 14 0 2 2 0 4 1 3 5 2 1 5 5 0 12 15
CHUm 2 3 16 30 0 0 4 8 3 5 0 10 5 0 1 7 0 9 29
ACHf 3 1 0 0 17 11 6 1 0 0 0 0 2 2 1 2 0 1 36
ACHm 1 3 1 0 3 27 8 1 1 3 0 0 3 9 2 2 0 5 39
GPDf 0 5 3 1 2 3 15 9 2 1 3 0 1 3 4 13 1 4 21

GPDm 0 1 0 5 1 4 2 12 4 3 5 1 2 2 3 16 1 6 18
GRSf 11 3 1 4 0 4 2 0 34 14 4 1 4 0 1 3 1 2 38

GRSm 2 12 1 2 1 4 2 1 17 32 4 0 3 3 1 5 1 10 32
KHOf 1 4 3 3 0 0 2 1 2 3 32 21 3 0 3 10 0 6 34

KHOm 0 4 3 4 0 0 0 0 0 2 19 46 2 0 0 6 1 5 50
RONf 7 4 0 1 1 4 1 0 3 1 0 0 29 13 0 1 0 2 43
RONm 3 4 0 0 2 10 2 0 0 1 0 0 11 19 1 2 0 2 33
PNTf 0 1 2 1 0 4 6 4 4 4 3 0 2 0 12 12 1 4 20
PNTm 1 8 4 5 1 5 5 11 4 5 4 2 3 1 6 18 0 10 19
RAJf 0 1 1 1 0 1 1 0 4 1 3 0 1 0 3 3 2 5 7

RAJm 1 4 5 8 2 4 1 12 6 10 6 1 2 1 3 11 3 47 37
Total 67 101 51 79 32 89 64 63 103 100 87 87 86 60 47 124 12 139 31



5.9 Correlation Matrices

Pairwise contrasts among A'chik males across the 28 variables had significant moderate 

(0.40-0.59) correlation values (Fig. 5.5). Of those, 21 were positive and seven negative. There 

was only one strongly (>0.6) significant correlated pair of variables (UM2MD+LM2MD).

Among female A'chik, there were 25 pairwise combinations of variables that had 

significant and moderate (0.40-0.59) correlation values (Fig. 5.6). Of those, 17 were positively 

correlated and eight were negatively correlated. There were four strongly (>0.6) correlated 

significant pairs of variables, including one very strongly correlated pair (LI1BL+LI2BL had a 

correlation of 0.81). Three of the pairs were positively correlated and one was negative.

Figure 5.5 Correlation matrix of Dental Variables among A'chik males.
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Figure 5.6 Correlation matrix of Dental Variables among A'chik females.

Among Rong males, 21 pairwise contrasts had significant moderate (0.40-0.59) 

correlation values (Fig. 5.7). Of those, 14 were positive and seven were negative. There was only 

one strongly (>0.6) significant correlated pair of variables (LM2MD+LM2BL).

Among Rong females, there were 23 pairwise contrasts that had significant moderate 

(0.40-0.59) correlation values (Fig. 5.8). Of those, 15 were positively correlated and eight were 

negatively correlated. Among Rong females there was only one strongly (>0.6) correlated 

significant pair of variables, the same pair as observed among Rong males.
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Figure 5.7 Correlation matrix of Dental Variables among Rong males.
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Figure 5.8 Correlation matrix of Dental Variables among Rong females.
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Chapter 6: Discussion

It is recognized that the Himalayas have played an important role in shaping the genetic 

landscape of the populations residing in the northeastern portion of the Indian subcontinent 

(Hazarika 2016). However, the migration routes and time period in which many of these 

population movement events occurred remain controversial or unknown (Cordaux et al. 2003). 

Studying the biological variation of the populations in the area is crucial for exploring and 

deciphering the history of the peopling of the subcontinent. Examination of variation in 

ondontometric dental traits, including variations within and between the sexes, as well as 

variation within and between ethnic groups provides the basis for the reconstruction of South 

Asian population history.

6.1 Sexual dimorphism

It was not at all surprising that Rong male averages exceeded those of females for all 28 

dimensions and for 27 dimensions among the A'chik males and females. There is a tendency for 

increased tooth size in the MD and BL dimension among males across population groups 

worldwide (Adeyemi and Isiekwe 2003; Alqahtani 2021; Fernee et al. 2020; Hillson 1996; 

Malkoç et al. 2011; Pandey and Ma 2016; Priyambadha and Artaria 2016; Ribeiro et al. 2012). It 

was a bit surprising to find the averages were equal for UM1MD among the A'chik, as other 

studies, including South Asian populations, have found significant sexual dimorphism in molars 

(Acharya and Mainali 2007; Angadi et al. 2013; Banerjee et al. 2016; Sonika et al. 2011). 

However, the second molar is the most sexually dimorphic and the third molar, which is often 

the most variable was not included in this study. Additionally, the first molar represents the so- 

called “pole” tooth within this dental field, so in that frame of mind, it makes sense for it to not 
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actually be that variable. However, the sexual dimorphism is often noted among the BL 

dimension, which was the case among the A'chik as well (Banerjee et al. 2016; Girija and 

Ambika 2012). The BL dimension of the upper first molar ranked seventh for sexual 

dimorphism.

Although in this instance, none of the female averages were larger than those of the 

males, it should also be noted that reverse dimorphism is not unheard of (Abaid et al. 2021; Boaz 

and Gupta 2009; Hemphill 2018a; Yuen et al. 1977). Abaid and coworkers (2021) found reverse 

dimorphism in UP4, as did Archarya and Mainalli (2007). Some research has found a higher 

sexual dimorphism for maxillary teeth, especially premolars (Fleagle et al. 1980; Giorgio et al. 

2022; Neves et al. 2020; Sabóia et al. 2013; Sathawane et al. 2020). Dash and coworkers (2018) 

observed reverse dimorphism in several teeth when they examined 200 subjects from Odisha, a 

peninsular Indian state, but they did not state which dimension(s) were impacted.

Hemphill (2018a) found the Khow sample to be characterized by three dimensions in 

which females had larger averages than males. In Hemphill's (2018a) study, he assessed the 

allocation of tooth size across the permanent dentition of the Khow, and explored their 

relationship compared to six living peninsular ethnic groups and twelve prehistoric samples. He 

found that the greatest amount of variance occurred for LM1BL among the Chenchus and 

Pakanati Reddis (SE peninsular groups) and the Garasias (NW peninsular India), when sexes 

were pooled. When sexes were pooled, Chenchus were also marked by the greatest variance for 

UI2MD, while the Khow had greatest variance for UI2BL. Neither UP4BL, nor UM1BL, were 

found to be significant when sexes were pooled or separated (Hemphill 2018a). When sexes 

were separated, Chenchu males had the greatest variation for LM1BL, Chenchu females had the 
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greatest variation for UI2MD, and Khow females had the greatest variation for UI2BL. A table 

comparing the greatest variation per variable by the nine groups is included in Appendix B.

Just as was the case for the Rong and the A'chik, none of the six peninsular Indian groups 

examined by Hemphill (2018a) (which were the same as the ones used for this thesis), had a 

single dimension where the average among females was larger than among males (Appendix A). 

Although a possible explanation for the low dimorphism of UM1MD may be that a reduction of 

gene flow due to endogamous practices, a mutation, genetic drift, or a combination of the latter 

may have caused a slight reduction in sexual dimorphism among the A'chik resulting in an 

overlap of the MD dimension for the upper molar in modern males and females (Yuwanati et al. 

2012). It is also possible that this is a consequence of A'chik males suffering more from 

undernutrition than their female counterparts, therefore reflecting lesser genetic canalization 

(Barrett 2005; Kieser et al. 1986; Perzigian 1977). Rahman and coworkers (2011) found that 

male A'chik children were more likely to show signs of being severely undernourished 

according to height relative to female A'chik children. A'chik girls were more likely to show 

signs of being undernourished through moderately stunted growth compared to the boys. Boys 

were also more likely to be severely underweight compared to the girls, who were more likely to 

be moderately underweight. In general, A'chik children and women tend to be undernourished 

(Haque et al. 2015; Singh et al. 2019).

It was not surprising that the most sexually dimorphic variable for both the Rong and the 

A'chik was LCMD, and that a BL dimension of a canine was among the top four sexually 

dimorphic variables. Among the Rong, the LCBL was the third most sexually dimorphic 

dimension, while among the A'chik it was the UCBL. As discussed in Chapter 2, canines, 

especially mandibular canines, are considered crucial teeth for sexual dimorphism (Angadi et al. 
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2013; Dahlberg 1963; Garn et al. 1977; Hosmani et al. 2013; Kapila et al. 2011; Kaushal et al. 

2004; Reddy et al. 2008; Scott et al. 2018; Simpson 2010; Moreno-Gómez 2013). The high 

sexual dimorphism of the canine has also been supported by other studies conducted on Indian 

populations, as well as populations on the subcontinent and worldwide (Acharya and Mainali 

2007; Kapila et al. 2011; Kaushal et al. 2004; Nair et al. 1999).

The Rong also had high sexual dimorphism among the dimensions of the upper second 

molar and the other top two sexually dimorphic variables for the A'chik were LP4MD and 

UP4MD. High sexual dimorphism in both upper and lower premolars is supported by other 

dental research (Fleagle et al. 1980; Sabóia et al. 2013; Neves et al. 2020; Zorba et al. 2011). 

Angadi and coworkers (2013) also found second molars to be more sexually dimorphic than the 

first molars among the Indian population they examined. The participants in their research were 

all between 18-32 years of age, and represented a pan-Indian population in that the participants 

came multiple Indian states, different castes, ethnic groups, and differing religious affiliations 

(Angadi et al. 2013). These results are also similar to findings in Nepalese groups (Acharya and 

Mainali 2007).

The percentage of sex dimorphism by dimension across all of the variables among the 

A'chik (4.24%) and the Rong (5.39%) tended to fall within the intermediate range (Kazzazi and 

Kranioti 2016; Satish et a. 2017; Yuen et al. 1997). The average percentage of sex dimorphism 

of the A'chik fell within the range of the other population groups from the subcontinent, but 

average percentage for the Rong was on the larger side (Hemphill 2018a). Although the 

identifications of the Rong and A'chik for the classification matrix were always among the most 

accurate, some of the cases of misidentification occurred between different-sexed individuals of 

the same group. Among the Rong, this type of misclassification may also be related to possible 
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elevations in consanguineality in the population due to the historical practice of Angnop. 

Although overall percentages of correct classifications were not great, the comparatively good 

level of correct classification for A'chik and Rong individuals may support stronger regional and 

genetic distinctions from the other groups: at least a strong enough distinction to compensate for 

the low sexual dimorphism. However, it may also be but a mere reflection of the relative 

biodistances of the A'chik, Khow, and Rong from the six comparative samples from peninsular 

India.

6.2 Dental Correlations

Among A'chik males, 12 of the 28 pairs of moderately correlated dental variables 

occurred between variables from teeth within the same dental fields, but different dental arcades. 

Another 10 occurred between variables from the same dental fields on the same dental arcade 

with two of those correlations being the MD and BL dimension of the same tooth. These findings 

tend to support Butler's (1939, 1982) claims that there are greater correlations within dental 

fields than between the separate fields. Six of these same dental field, same dental arcade 

correlations occur between mandibular teeth and four occur between maxillary teeth. This 

supports another of Butler's (1939, 1982) claims of higher inter-tooth correlations in the 

mandible relative to maxilla. However, other studies have found mixed results regarding this 

arcade effect (Kieser and Groeneveld 1987; Stojanowski et al. 2018). Six correlations were 

found between teeth not of the same dental arcade, and not of the same dental field. Four of these 

correlations were negative, including two involving the canine. There was one positive 

correlation that involved the canine, and all three of these canine-involved correlations were with 

a variable from an incisor or premolar, which is supported by other research (Garn et al. 1967;
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Kieser 1990; Plavcan 2001; Simpson 2010). Such findings contradict Butler's (1939) and 

Osborn's (1978) idea that the canines and incisors belong to separate primordia, as it also 

suggests that the divisions between dental fields are not absolute, but have overlapping effects on 

one another, at least if they are adjacent. Overall, though there were mixed results regarding 

Butler's (1939) claim that adjacent teeth are most similar to one another, but overall, the results 

support it. There were nine positive correlations for which this held true, but two negative 

correlations between adjacent teeth of the same arcade.

Among A'chik females, six of the 25 moderately correlated pairs of dental variables were 

between variables from the same dental fields, but different dental arcades. Another four 

occurred between variables from the same dental fields on the same dental arcade. Additionally, 

four of the five very strongly correlated pairs were also between variables from the same dental 

fields on the same dental arcade. There were seven positive moderately correlated pairs, one 

strongly negative correlated pair, and seven moderately negative correlated pairs between 

variables from different dental fields. Seven of these pairs involved a variable from a canine, but 

only four of the pairs involved premolars or incisors. One had a moderately positive correlation, 

while the other was moderately negative. As was the case with A'chik males, this data generally 

supports Butler's (1939, 1982) claims of higher inter-tooth correlations in the mandible relative 

to maxilla that adjacent teeth are most similar to one another.

Among Rong males, eight of the 21 moderately correlated pairs of dental variables 

occurred between variables from the same dental fields, but different dental arcades. Another 

five occurred between dental variables from the same dental fields on the same dental arcade. Of 

the six overall pairs of variables from the same dental fields on the same dental arcade, four were 

for mandibular teeth. Additionally, the one very strongly correlated pair was also between 
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variables from the same dental fields on the same dental arcade, as it was the MD and BL 

dimension of the same tooth. There were three moderately positive correlated pairs and five 

moderately negative correlated pair between variables from different dental fields. Only three of 

these pairs involved a variable from a canine, and two of the pairs involved a canine and a 

premolar or incisor.

Among Rong females, six of the 23 moderately correlated pairs of dental variables 

occurred between variables from the same dental fields, but different dental arcades. Another 

eight occurred between variables from the same dental fields on the same dental arcade. Of the 

eight overall pairs of variables from the same dental fields on the same dental arcade, five were 

for mandibular teeth. Additionally, the one very strongly correlated pair occurred between 

variables from the same dental fields on the same dental arcade, as it was the MD and BL 

dimension of the same tooth. There were three moderately positive correlated pairs and six 

moderately negative correlated pairs between dental variables from different dental fields. Only 

three of these pairs involved a variable from a canine, but all three of the pairs involved a canine 

and an incisor or premolar. As was the case with A'chik females and Rong females, the data 

from Rong males provide partial support to some of Butler's (1939, 1982) claims including the 

claim of higher inter-tooth correlations in the mandible relative to maxilla, the claim that 

adjacent teeth are most similar to one another, and similarly, the claim that there are greater 

correlations within dental fields than between the separate fields. The support for the latter also 

lends some support to part of Osborn's (1978) theory.
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6.3 Tooth Size

Geometrically scaling allowed for comparisons across sexes and ethnic groups without 

confusing the effects of sex dimorphism and differential tooth size reduction due to differing 

histories of varying selective pressures (Hemphill 2018a). There have been a few other studies 

that have examined the inter-individual differences in tooth size allocation (Harris 1988; Harris 

and Bailit 1987, 1988; Hemphill 2018a; Kimura et al. 2009; Lee et al. 2011; Potter et al. 1968). 

Several of the studies (Harris and Bailit 1988; Harris and Rathbun 1989; Hemphill 2016a, 2018a; 

Kimura et al. 2009; Lukacs and Hemphill 1993; Potter et al. 1968; Townsend 1976) found a 

general size factor to be the first and most influential component in permanent dentition. Lease's 

(2003) analysis of European, African and (East) Indian samples also found the most influential 

component to explain variation to be overall tooth size in deciduous dentition. In contrast to 

those studies, general tooth size was not found to be a component among the Rong or A'chik. 

This makes sense as the data collected from the Rong and A'chik samples were geometrically 

scaled to remove the effects of gross size.

There are many similarities and differences found when comparing the results of this 

study with those of other researchers. For example, Hemphill (2018a) found that in some cases, 

some of the teeth received higher loadings for their MD dimension than for their BL dimension. 

However, his findings found this was true mostly among mandibular non-molar teeth, whereas in 

this study for the first component for the female Rong, the MD dimension of the mandibular 

teeth received negative loadings and the effect was muted at the molars. However, among the 

maxillary teeth for the first component for both males and females, all of the maxillary teeth had 

higher loadings for the MD dimension with the exception of one among the females.
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Harris and Bailit (1988) identified a dimensional contrast (MD vs. BL) as second most 

important differing canonical variate among the Solomon Islanders through the use of principal 

components with varimax rotation. In this study, a dimensional contrast (MD vs. BL) was found 

to be the most important differing canonical component for the Rong and the A'chik, and 

patterns of dimensional contrast could be found on several of the variates. Harris (1998) also 

found patterns of dimensional contrasts on multiple components.

Potter et al. (1968) found that the second component for the Pima Indians was marked by 

a regional distinction in the dental arcade. The posterior teeth, regardless of dimension, tended to 

receive higher loadings than anterior teeth. The second component for the Rong was marked by a 

regional distinction in the dental arcade by polarity and loadings, and the second component for 

the A'chik was also marked by a regional distinction. However, dimension loadings by relative 

position in the arcade were noted several times, like the third component among the Rong or 

female A'chik. Also, in contrast to the findings of Harris and Bailit (1988) and Bailit (1998), but 

in agreement with those of Hemphill (2018a), no pattern of “pole” teeth having higher loadings 

across the dental arcade was found in either the Rong or A'chik.

6.4 Residence Patterns and Limitations

In the past, the majority of societies around the world were organized into patrilines. 

Today, many societies are still considered patrilineal, but there is a spectrum of weak to strong 

patrilineality, and a shift towards bilateral descent systems (Divale 1974; Hudson and Matfess 

2017; Kumar et al. 2006; Murdock 1940, 1967; Strassmann and Kurapati 2016). The two focal 

groups of this thesis practice different kinship, descent systems, and post-marital residence 

patterns. Members of both groups have traditionally practiced unilineal systems of descent: 
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patrilinies and matrilines. In addition to being patrilineal, the Rong are also patrilocal and 

practice exogamy, whereas the A'chik are matrilineal, matrilocal and practice endogamy 

(Biswakarma 2018; Das and Mohanty 2019; Karim et al. 2021; Lepcha and Aden 2016; Reddy et 

al. 2007). In a matrilocal post-marital residence pattern, females are the stationary sex, and the 

males are mobile. In a patrilocal post-marital residence pattern, the opposite is true (Eubank 

2016).

When a group is not experiencing sex-biased gene-flow, as in a case where both sexes of 

a population are equally free to mate with whomever from another population, traits are likely to 

be expressed with equal frequency among members of the two sexes. When migration is sex- 

biased due to unilateral systems of descent and post-marital residence, genetic and physical 

variation may occur between the sexes in the same population, especially if this is a long

standing cultural practice (Eubank 2016; Turner 2013). Gene flow is restricted between 

populations for the stationary sex, since they remain in the village of their birth, whereas it 

occurs much more between populations for the sex that has the migratory role (Eubank 2016).

It would be interesting to explore if there was a relationship between the dentition of 

these groups and their post-marital residence patterns. However, at present it is not clear what 

influence, if any, sex-linked genes have on dental metrics. A study done by Potter and colleagues 

(1968) found that over fifty percent of the total variance of 56 tooth measurements was explained 

by three factors that were not sex-linked, but not much other research has been done 

(Passalacqua 2015). This lack of information combined with a single generational sample in this 

thesis, unfortunately limits the exploration of the impact each groups' respective post-marital 

residence patterns may have had on the populations in regard to their dentition.
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However, it is interesting to note that Kumar et al. (2006) hypothesized that post-marital 

residence patterns would not influence the mtDNA and Y-chromosome variability in Indian 

groups practicing various levels of endogamy, as they do in other population groups across the 

world. They argued that the mobile participant in this practice is not entering a new gene pool as 

they marry within their endogamous caste, tribe, or religious group. Their findings suggested that 

the pattern of residence had no influence on mtDNA and Y-chromosome variability in the 

endogamous population groups, but there were weak and non-significant trends that were 

consistent with what they found for the non-endogamous groups, i.e., a pattern of influence on 

mtDNA and Y-chromosome variability (Kumar et al. 2006). So, it's possible that even if there 

are some sex-linked traits influencing dental metrics, it may not have affected variability among 

the Rong and the A'chik. However, the influence of post-marital residence patterns on the 

genetic and phenotypic variation of these groups should be researched further.

6.5 Genetic Studies

The first anthropological inquiries of population groups in India often focused on 

anthropometric traits, and the findings of such research indicated that geographic dispersion and 

ethnicity tend to be highly related, which has been supported by blood group, protein 

polymorphism, molecular genetic, and more recent dental studies (Das et al. 1986; Hemphill 

2018a; Kumar et al. 2006; Majumder and Roy 1982; Reich et al. 2009; Roychoudhury and Nei 

1985; Zerjal et al. 2007). The findings of this research tend to support that as well. The clustering 

of the Rong and the A'chik away from the ethnic groups from SE peninsular India, NW 

peninsular India, and Pakistan support the idea that these two Tibeto-Burman speaking northeast 

155



Indian groups have different migration histories from these other ethnic groups, which is also 

reflected by the genetic studies that have been conducted (Figs. 5.1 and 5.4).

While there has been some genetic data examined for populations of the subcontinent, the 

majority has focused on Hindu caste populations or tribal groups from Central and South India. 

Little has been done in the ways of exploring the northeastern tribal populations (Reich et al. 

2010; Sharma et al. 2012; Sirajuddin et al. 1994; Tamang et al. 2018; Vishwanathan et al. 2004). 

Only a handful of genetic studies have included the A'chik, but their migration history and 

genetic histories are less disputed than that of the Rong as many presume they are from Tibet 

(Deka 1984; Langstieh et al. 2004; Mukherjee et al. 1987). Langstieh and coworkers (2004) 

stated matter-of-factly that they originated from the Torua area of Tibet, but did not provide 

evidence for this assertion. Some researchers (Das 1969; Majumdar 1950) have found high B 

blood group frequencies among the A'chik. Das (1969) argues that this supports the theory they 

came from Tibet through a possible founder effect, as the Tibetan gene B is more frequent than 

the A (Deka 1984). However, it is also possible that they came from elsewhere, and blood group 

B was simply over-represented in the ‘founders' group of the A'chik population. Hasan (2015) 

examined allele frequencies and haplotype diversity among seventeen Y-STRs, and concluded 

that the A'chik are related to the Khalkha population from Ulaanbaatar, Mongolia. This was a bit 

surprising given the wide geographic separation between Ulan Bator and Meghalaya.

Others (Bhalla 1972; Bhalla and Kaul 1966; Bhattarcherjee 1966) found some evidence 

that set some doubt about their Tibetan origins. Bhalla (1972) found that although the non-taster 

frequency gene is low among the A'chik, it is much lower among Tibetans. In contrast, the M 

gene, which is found in a high percentage of Tibetans, is higher yet among the A'chik 

(Bhattarcherjee 1966). Once again though, it is important to recognize that these occurrences 
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may be the result of a founder effect. Founder effects, sampling effects, and random 

coincidences may also be behind some of the other mixed genetic evidence. Rakha and 

coworkers (2008) examined allele frequencies gathered from DNA from blood swab specimens, 

they found that the A'chik actually formed a subgroup with a Brahmin caste while the other nine 

groups included in the sample, which included Tibetan samples, formed a second subgroup. 

Tamang et al. (2018) also found that the A'chik did not have as much gene flow with the 

Himalayan and adjoining population groups as some of the other northeastern tribal populations. 

Reddy et al. (2007) found them to be extreme outliers when compared to 39 other populations 

form South and Southeast Asia, including other Tibeto-Burman speaking populations of India 

and Southeast Asia with the exception of the Khasi-Khmuic populations, with whom they have a 

contiguous geographic distribution and have had known marital interactions with them. It is 

possible that they have genetic affinities with tribal groups that they have not been included in 

previous studies with them.

One of the only genetic studies that has examined genetic relationships with both the 

A'chik and Rong was a short tandem repeat (STR) analysis of 14 Tibeto-Burman populations 

(Krithika et al. 2006). They found Rong populations to have experienced low levels of external 

gene flow and formed a genetic cluster with Nepalis and Bhutias from Sikkim. This makes sense 

considering their history of interactions with these groups throughout the past several hundred 

years as discussed in Chapter 3. Based on the genetic evidence, as well as what was found with 

this research, the Rong have likely intermarried with Nepalese and Bhutanese groups.

Contrary to expectations of Krithika and coworkers (2006), the A'chik did not form a 

cluster with any of the geographically proximate populations of Sikkim. Instead, they formed a 

cluster with Manipuri populations located to the south. Krithika and coworkers (2006) suggest 
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that the Garo populations in West Bengal may be exposed to external gene flow. The admixture 

from their neighboring populations may have influenced this clustering. In contrast, the Rong 

showed low levels of gene flow, which Krithika and coworkers (2006) believe was influenced by 

their remote location and practice of endogamy.

A study done by Krithika and coworkers (2008) supported these findings as they found 

that the A'chik from West Bengal formed a cluster with the Hmar, Kuki, and Naga of Manipur, 

which are all believed to be descendants of East or Southeast Asian populations, as well as other 

population groups from East Asia. This lends support to the theory that early Tibeto-Burman 

speakers originated in northern Myanmar or northern Thailand, but does not discount possible 

origins from China, especially southern China (Yunnan). Kashyap and coworkers (2003) also 

found the A'chik to be members of a cluster with several tribal group communities (the Naga, 

Hmar, and Kuki) in Manipur. This makes sense when considering historical, cultural, and 

linguistic affiliations, and supports a migration route following the topography of the Naga Hills. 

It is also important to note that Manipur is just one of the states that all three of these tribes have 

communities in. Studies done by Chattopadhyay, Vasulu, and Kashyap (2002) and Ranjan et al. 

(2003) found the A'chik to cluster most closely with a different tribal group of Manipur, the 

Meitei, but Kashyap et al. (2003) found that the Meitei did not closely cluster with any other the 

other population groups examined, including the A'chik. This discrepancy may be because the 

Meitei are thought to be highly heterogeneous group that has experienced a great deal of 

admixture (Saraswathy et al. 2009).

Langstieh et al. (2004) explored the genetic relationship of nine tribe and subtribe groups 

from Meghalaya, including the A'chik. They found that, despite different tribal affiliations and 

language families, allele distributions were fairly homogenous. When these populations were 
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compared to other population groups from the subcontinent, the populations of Meghalaya 

formed a clear and compact cluster. They suggested that there may have been extensive 

admixture among members of the various Meghalaya tribes, possibly perpetrated among the 

A'chik by their system of matrilineal descent and matrilocal residence, which is also found 

among the Khasi. They also suggest that these tribes may have had a common origin and 

experienced negligible founder effects and subsequent genetic drift (Langstieh et al. 2004; Reddy 

et al. 2007).

Similarly, but perhaps less surprisingly, Bhasin et al. (1986) found regional differences 

between Rong and Bhutias of North and South Sikkim to be nonsignificant, for the Rong of both 

North and South Sikkim clustered together. These populations also formed a cluster with the 

Bhutias of South Sikkim, the Rais, and the Limboos. A study by Kumar et al. (2004) described a 

similar clustering. Kashyap et al. (2003) found that in addition to closely clustering with 

Bhutanese populations, the Rong also clustered closely with populations with Nepali origins. 

This makes sense considering their history, cultural interactions, and geographic proximity 

(Kashyap et al. 2003; Kumar et al. 2004).

Bhasin et al. (1986) argue that since the Bhutia and Rong both supposedly have a Tibetan 

origin, it makes sense that they have a close genetic relationship. However, this would only work 

if there was little founder effect, little genetic drift, and minimal subsequent admixture with other 

groups. They examined seventeen polymorphic systems of the blood, including immunoglobulin 

Km allotypes. Bhasin and coworkers (1986) found a high incidence of Km allotype frequencies 

among the population groups, which they argue support their theory of a Tibetan origin, as 

Eastern Himalayan populations, including Tibetans, have similar distribution patterns. The 

researchers of these studies argue that although the Rong experienced genetic drift due to 
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isolation, the Bhutia and the Rong must have experienced considerable gene flow with one 

another, or had a recent common ancestor (Bhasin et al. 1986; Kumar et al. 2004).

Although most of these genetic studies do not examine both the A'chik and the Rong, nor 

are the same comparative groups included from elsewhere in South Asia, their generalized 

findings tend to support findings from this research: the Rong and the A'chik have population 

histories different from those of ethnic groups from other regions of the subcontinent. 

Additionally, the Rong also cluster with other northeastern tribal groups. The A'chik, on the 

other hand tend not to form clusters with many other tribal groups, a finding that sometimes may 

be due to a lack of adequate comparative samples. That is not to say that the A'chik and the 

Rong don't share genetic affinities, only that their closeness in this study is likely resulting from 

a lack of other northeastern or East Asian groups.

6.6 Linguistic Evidence

The Rong and A'chik are just two of many tribal groups in northeastern India, 

categorized linguistically under different branches of the Sino-Tibetan language family tree. 

Over the course of the past two decades, more and more researchers have begun to use historical 

linguistic data while investigating anthropological, archaeological, and historical questions about 

the past (Bellwood 2005; van Driem 2001; Hazarika 2016; Southworth 2005a, 2005b).

As discussed in Chapter 3, the Tibeto-Burman language family, also known as the Trans- 

Himalayan language family (Owen-Smith and Hill 2014) due to its distribution from along the 

Himalayas to East Asia and into Northeast India and Southeast Asia, encompasses hundreds of 

languages. However, most speakers of Tibeto-Burman languages fall into large language 

communities including Burmese and Tibetan. A precise phylogeny of the language family would 
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greatly aid in obtaining a better understanding of East Asian and some South Asian population 

history. Unfortunately, researchers are still seeking to create one and there remains much 

controversy over the various proffered schemes (van Driem 2001; Hazarika 2016; Zhang et al. 

2020).

Although most speakers of Tibeto-Burman languages live in the area surrounding the 

Himalayas, one must remember that contact influence between languages is a well-documented 

phenomenon and its influence in the region is not yet completely understood. However, due to 

their separate geographic areas and separate branches of the language family, it seems unlikely 

that the languages spoken by the Rong or the A'chik influenced the other. Both share similarities 

with Tibetan and are different from the languages spoken by the seven other ethnic groups 

examined from the subcontinent. Although these languages are from separate branches, this still 

offers support to the idea of a series of waves of Tibeto-Burman speakers from China or 

Southeast Asia into the subcontinent, possibly during the Neolithic (Hazarika 2016; van Driem 

2001, 2011, 2014). Due to a lack of published dental measurements from East Asia and 

Southeast Asia with known levels of inter-observer error, or individual-based values (instead of 

summary values), it is not possible to say whether the dental variables are in agreeance with this 

theory, but the findings from this research are not in conflict with the idea (Hanihara 1992; 

Matsumura 1995).

6.7 Rong and A'chik origins

There is a lot of cultural and linguistic diversity throughout the subcontinent including 

northeastern India, but some (Gayden et al. 2009; Krithika et al. 2006; Tamang et al. 2018) 
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continue to argue that the Himalayas limited human dispersal southward in and out of the 

Tibetan plateau and hence have shaped the genetic landscape of the region.

Based on the canonical variates analysis and Mahalanobis distances, the data suggests 

that Rong and the A'chik share closer affinities to the one another, compared to the non

northeastern Indian groups. This dental homogeneity between the Rong and A'chik compared to 

the other seven from elsewhere in the subcontinent suggest that Tibeto-Burman speakers 

represent immigrants to the Indian subcontinent who were somewhat isolated genetically from 

the other population groups of the subcontinent as geographic and cultural barriers may have 

dissipated gene flow along with the spread of the Tibeto-Burman languages. This supports some 

of the genetic research that has examined the relationships between Indian population groups 

(Kshatriya and Kapoor 1986; Roychoudhury 1983). As well as other findings that support 

northeastern tribal origins and connections to East or Southeast Asia, a source different than 

most of the population inhabiting the rest of the subcontinent that had to have involved 

population movement (Cordaux et al. 2003, 2004; Deka 1984; Ranjan et al. 2003).

Although already widely debunked, this research further discredits the Long-Standing 

Continuity Model in regard to ethnic groups of northeast India. The two focal groups of the 

research represent two of the many Tibeto-Burman speaking tribal groups who likely crossed the 

Himalayas to enter the sub-continent after the Pleistocene. Unfortunately, since the Rong and the 

A'chik show little evidence of influence from or biological affinities with any of the other groups 

and northeastern India is generally not, though to have been affected strongly by the EIM, OIM, 

or AIM, not much can be said in favor or against of those based on this data (Table 3.1). 

However, it is possible, that there are other groups from other regions of the subcontinent to 

whom they are more closely related than to one another, as the closeness of the relationship 
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between the two is still in question. Similarly, their supposed affinity to the Kho, based on the 

canonical variates and Mahalanobis distances in this study, is likely due to a lack of more closely 

related comparative samples. More genetic and dental research needs to be done comparing the 

Rong and the A'chik to other tribal and non-tribal population groups in South and East Asia 

before more definitive claims can be made.
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Chapter 7: Conclusions

This research aimed to utilize variance in dental metric dimensions to assess variation 

among and between males and females of two focal groups and seven comparative groups 

occupying different regions of South Asia. The results obtained were compared to previous 

genetic research, and were considered in light of linguistic affiliation.

Three main questions were explored: (1) How does the variation of the sexes compare 

between and within the Rong and the A'chik population groups? (2) How do the results of the 

dental analysis compare to the results obtained from previous genetic analyses? (3) What is the 

relationship of these two groups to other groups in the Indian subcontinent, and what does that 

imply about their population histories?

Overall, based on the descriptive statistics, Levene's tests, Shapiro-Wilks tests, principal 

components analysis, multivariate analyses of variance, and canonical variate analysis, it can be 

concluded that there were differences in variation between and within groups. Additionally, the 

pattern of dental correlations among the teeth of these groups tend to offer some support for 

Butler's claim that there are higher inter-tooth correlations in the mandible relative to maxilla, 

his claim that adjacent teeth are most similar to one another, and his claim that there are greater 

correlations within dental fields than between the separate fields (Butler 1939, 1982).

The patterning of centroid scores for the first three canonical axes suggests that both 

ethnic group membership and geographic region have played meaningful roles in the 

diversification of these sampled South Asian ethnic groups. The canonical variates, from both 

sex-pooled and sex-stipulated analyses, identify the Rong and A'chik as possessing closer 

affinities to each other than to members of the other groups, thereby supporting the hypothesis 
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that members of these two tribal groups share a population history different from that of ethnic 

groups of other regions of the subcontinent. This aligns with most of the limited genetic research. 

The classification accuracies by group with sexes separate and pooled further support the finding 

that they are phenotypically different from the other South Asians examined. However, it is 

important to note that in light of some of the findings from genetic research and the limitations of 

the Mahalanobis distance, it may be that the Rong and the A'chik are not that closely related to 

one another. It is likely these groups cluster together in these findings at least to some extent due 

to a lack of comparative samples from elsewhere in East and South Asia.

7.1 Future Research

While this research tends to support what has been hypothesized thus far, more research 

is needed to better understand the social-cultural histories and migration histories of the Rong 

and the A'chik, in order to better understand how they fit into the larger picture of the populating 

of the subcontinent. In the future, hopefully more dental samples will be collected from other 

population groups in South Asia, as well as in other parts of Asia, so that researchers can 

improve our knowledge of how populations in those areas are connected and what their histories 

are.

Future researchers may want to further examine the relationship between the A'chik and 

groups like the Khasis (Langstieh et al. 2004; Reddy et al. 2007), Marams (Langstieh et al. 

2004), Hmars, Kukis, and Nagas (Kashyap et al. 2003; Krithika et al. 2008). For the Rong, they 

may want to examine their possible relationships more closely with Nepali and Burmese groups 

(Krithika et al. 2006). The relationships of both groups with East/Southeast Asian populations, 

with a focus on Tibetan, Chinese, and Burmese populations should also be investigated, in hopes 
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of further narrowing down the most likely candidates for their geographic and genetic origins. 

Other researchers may want to explore relationships between different subsets of a single tribe, 

or try to examine the population groups belonging to one tribe across the several states they 

inhabit. In addition to continuing to exam dental and genetic data, researchers should also 

include linguistics, oral histories of these groups, and archaeological evidence into their research 

to achieve a more holistic analysis.
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Appendix A: Descriptive and Distributional Statistics for the Comparative Population Groups
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Table A.2 Descriptive statistics for the Garasias and Gompadhompti Madigas after
elimination of outliers and cases missing more than four variables. From Hemphill (2018a).

Garasias Gompadhompti Madigas
Females (n= 97) Males (n= 105) Females (n= 70) Males (n= 90)

Variable n X sd CV n X sd CV n X sd CV n X sd CV

LI1MD 95 5.198 0.391 0.075 98 5.294 0.347 0.066 62 5.102 0.361 0.071 80 5.149 0.311 0.060
LI1BL 90 5.731 0.588 0.103 98 5.896 0.541 0.092 54 5.622 0.510 0.091 69 5.839 0.587 0.101
LI2MD 97 5.767 0.405 0.070 103 5.941 0.413 0.069 65 5.763 0.358 0.062 85 5.846 0.369 0.063
LI2BL 97 5.993 0.570 0.095 98 6.201 0.519 0.084 62 5.965 0.448 0.075 78 6.149 0.597 0.097
LCMD 96 6.382 0.366 0.057 104 6.816 0.441 0.065 70 6.384 0.480 0.075 90 6.664 0.410 0.062
LCBL 96 6.861 0.602 0.088 102 7.171 0.652 0.091 69 6.862 0.638 0.093 89 7.178 0.779 0.108
LP3MD 94 6.767 0.374 0.055 104 6.963 0.524 0.075 70 6.709 0.355 0.053 88 6.893 0.385 0.056
LP3BL 97 7.713 0.523 0.068 105 7.989 0.594 0.074 67 7.575 0.386 0.051 89 7.979 0.559 0.070
LP4MD 96 6.836 0.506 0.074 104 7.004 0.548 0.078 69 6.706 0.373 0.056 85 6.940 0.361 0.052
LP4BL 96 8.295 0.566 0.068 105 8.365 0.630 0.075 67 8.048 0.376 0.047 90 8.371 0.582 0.070
LM1MD 96 10.543 0.490 0.047 104 10.893 0.535 0.049 70 10.696 0.480 0.045 89 11.052 0.534 0.048
LM1BL 95 10.480 0.501 0.048 105 10.734 0.538 0.050 70 9.911 0.471 0.047 89 10.289 0.508 0.049
LM2MD 85 9.774 0.643 0.066 93 10.153 0.564 0.056 65 9.774 0.521 0.053 88 10.019 0.629 0.063
LM2BL 95 10.086 0.580 0.058 100 10.514 0.567 0.054 68 9.651 0.552 0.057 87 10.105 0.618 0.061
UI1MD 95 8.342 0.471 0.056 100 8.506 0.546 0.064 65 8.154 0.439 0.054 87 8.323 0.467 0.056
UI1BL 96 6.875 0.558 0.081 105 7.059 0.617 0.087 63 6.706 0.440 0.066 81 7.068 0.462 0.065
UI2MD 88 6.456 0.488 0.076 102 6.760 0.571 0.084 66 6.502 0.493 0.076 84 6.751 0.436 0.065
UI2BL 96 5.939 0.673 0.113 103 6.090 0.661 0.109 66 5.855 0.570 0.097 89 6.249 0.600 0.096
UCMD 97 7.295 0.427 0.059 105 7.670 0.466 0.061 70 7.199 0.435 0.060 89 7.533 0.436 0.058
UCBL 96 7.716 0.617 0.080 102 8.107 0.694 0.086 70 7.551 0.516 0.068 89 8.031 0.813 0.101
UP3MD 94 6.761 0.390 0.058 104 6.935 0.513 0.074 70 6.684 0.422 0.063 90 6.886 0.435 0.063
UP3BL 96 9.112 0.530 0.058 105 9.353 0.580 0.062 69 8.839 0.437 0.049 89 9.315 0.539 0.058
UP4MD 97 6.261 0.505 0.081 103 6.425 0.550 0.086 69 6.307 0.405 0.064 88 6.491 0.436 0.067
UP4BL 95 9.015 0.544 0.060 103 9.293 0.585 0.063 69 8.774 0.426 0.048 89 9.227 0.546 0.059
UM1MD 96 10.211 0.552 0.054 105 10.451 0.628 0.060 68 9.975 0.393 0.039 90 10.252 0.454 0.044
UM1BL 97 10.932 0.612 0.056 103 11.327 0.519 0.046 69 10.654 0.501 0.047 90 11.131 0.559 0.050
UM2MD 60 9.112 0.556 0.061 81 9.340 0.566 0.061 66 9.556 0.520 0.054 77 9.931 0.556 0.056
UM2BL 89 10.785 0.670 0.062 99 11.308 0.704 0.062 69 10.457 0.639 0.061 89 11.151 0.697 0.063
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Table A.3 Descriptive statistics for the Pakanati Reddis and Vaghela Rajputs after elimination
of outliers and cases missing more than four variables. From Hemphill (2018a).

Pakanati Reddis Vaghela Rajputs
Females (n= 76) Males (n= 93) Females (n= 47) Males (n= 141)

Variable n X sd CV n X sd CV n X sd CV n X sd CV

LI1MD 70 5.140 0.387 0.075 86 5.229 0.408 0.078 46 5.185 0.384 0.074 137 5.304 0.398 0.075
LI1BL 68 5.765 0.414 0.072 85 5.929 0.450 0.076 45 5.753 0.472 0.082 130 5.954 0.421 0.071
LI2MD 73 5.716 0.446 0.078 90 5.858 0.405 0.069 44 5.707 0.255 0.045 139 5.862 0.423 0.072
LI2BL 73 6.095 0.486 0.080 90 6.208 0.478 0.077 47 6.143 0.401 0.065 130 6.207 0.455 0.073
LCMD 76 6.363 0.444 0.070 93 6.655 0.392 0.059 47 6.419 0.354 0.055 139 6.841 0.442 0.065
LCBL 72 6.865 0.572 0.083 86 7.210 0.619 0.086 44 6.707 0.513 0.077 140 6.946 0.779 0.112
LP3MD 76 6.658 0.443 0.067 93 6.846 0.394 0.058 45 6.689 0.422 0.063 140 6.791 0.425 0.063
LP3BL 76 7.533 0.561 0.074 90 7.733 0.536 0.069 47 7.596 0.464 0.061 136 7.838 0.552 0.070
LP4MD 76 6.728 0.532 0.079 87 6.868 0.324 0.047 47 6.674 0.543 0.081 138 6.887 0.491 0.071
LP4BL 76 8.049 0.572 0.071 92 8.161 0.539 0.066 47 8.100 0.511 0.063 135 8.244 0.531 0.064
LM1MD 76 10.580 0.593 0.056 93 11.078 0.586 0.053 47 10.511 0.665 0.063 138 11.033 0.555 0.050
LM1BL 74 10.154 0.525 0.052 92 10.340 0.558 0.054 47 10.217 0.438 0.043 139 10.581 0.512 0.048
LM2MD 72 9.626 0.588 0.061 90 10.032 0.517 0.051 40 9.495 0.640 0.067 128 9.885 0.760 0.077
LM2BL 75 9.785 0.684 0.070 91 10.082 0.573 0.057 46 9.743 0.532 0.055 134 10.228 0.634 0.062
UI1MD 70 8.344 0.569 0.068 90 8.471 0.563 0.066 44 8.311 0.483 0.058 135 8.624 0.506 0.059
UI1BL 66 6.889 0.583 0.085 89 7.145 0.484 0.068 47 6.798 0.537 0.079 140 7.061 0.519 0.073
UI2MD 72 6.718 0.538 0.080 88 6.748 0.556 0.082 46 6.476 0.437 0.067 139 6.650 0.499 0.075
UI2BL 70 6.034 0.455 0.075 93 6.287 0.579 0.092 47 5.947 0.516 0.087 138 6.188 0.589 0.095
UCMD 75 7.291 0.497 0.068 89 7.547 0.418 0.055 45 7.309 0.409 0.056 137 7.621 0.466 0.061
UCBL 72 7.572 0.588 0.078 93 7.981 0.682 0.085 40 7.458 0.371 0.050 140 7.875 0.808 0.103
UP3MD 74 6.672 0.405 0.061 89 6.854 0.325 0.047 45 6.542 0.396 0.061 140 6.762 0.451 0.067
UP3BL 76 8.816 0.601 0.068 93 9.170 0.518 0.057 47 8.874 0.510 0.057 135 9.187 0.520 0.057
UP4MD 76 6.330 0.467 0.074 90 6.463 0.415 0.064 46 6.215 0.454 0.073 141 6.450 0.459 0.071
UP4BL 76 8.758 0.644 0.073 92 9.067 0.618 0.068 47 8.760 0.589 0.067 139 9.134 0.592 0.065
UM1MD 74 10.046 0.415 0.041 93 10.258 0.528 0.051 47 9.979 0.561 0.056 136 10.355 0.527 0.051
UM1BL 75 10.767 0.601 0.056 91 11.077 0.574 0.052 47 10.817 0.547 0.051 138 11.343 0.529 0.047
UM2MD 67 9.430 0.691 0.073 87 9.813 0.578 0.059 29 9.100 0.696 0.076 110 9.705 0.838 0.086
UM2BL 76 10.500 0.807 0.077 93 11.039 0.726 0.066 43 10.449 0.646 0.062 134 11.021 0.856 0.078
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Table A.4 Descriptive statistics for the Khowar after elimination of outliers and cases missing
more than four variables. From Hemphill (2018a).

Females Males
Variable n X sd CV Variable n X sd CV

LI1MD 91 4.616 0.362 0.079 LI1MD 92 4.659 0.336 0.072
LI1BL 93 5.349 0.571 0.107 LI1BL 90 5.660 0.540 0.095
LI2MD 94 5.217 0.319 0.061 LI2MD 95 5.266 0.381 0.072
LI2BL 98 5.654 0.524 0.093 LI2BL 97 5.893 0.492 0.083
LCMD 96 5.860 0.272 0.046 LCMD 96 6.117 0.326 0.053
LCBL 103 6.653 0.538 0.081 LCBL 98 7.058 0.699 0.099

LP3MD 104 6.138 0.472 0.077 LP3MD 100 6.139 0.368 0.060
LP3BL 102 7.015 0.542 0.077 LP3BL 101 7.276 0.499 0.069
LP4MD 102 6.168 0.562 0.091 LP4MD 96 6.085 0.475 0.078
LP4BL 102 7.577 0.537 0.071 LP4BL 94 7.795 0.534 0.069

LM1MD 102 9.991 0.571 0.057 LM1MD 102 10.450 0.605 0.058
LM1BL 100 9.716 0.453 0.047 LM1BL 97 9.997 0.449 0.045
LM2MD 90 9.484 0.576 0.061 LM2MD 92 9.804 0.606 0.062
LM2BL 99 9.495 0.558 0.059 LM2BL 93 9.727 0.550 0.057
UI1MD 94 7.676 0.465 0.061 UI1MD 85 7.900 0.338 0.043
UI1BL 87 6.654 0.509 0.077 UI1BL 94 6.984 0.611 0.087
UI2MD 99 5.934 0.633 0.107 UI2MD 96 6.029 0.562 0.093
UI2BL 92 5.750 0.673 0.117 UT2BL 94 5.963 0.680 0.114
UCMD 98 6.833 0.415 0.061 UCMD 99 7.073 0.395 0.056
UCBL 92 7.380 0.513 0.070 UCBL 97 7.754 0.728 0.094

UP3MD 105 5.901 0.448 0.076 UP3MD 103 5.996 0.393 0.066
UP3BL 103 8.250 0.596 0.072 UP3BL 104 8.483 0.543 0.064
UP4MD 100 5.584 0.424 0.076 UP4MD 101 5.656 0.371 0.066
UP4BL 102 8.382 0.579 0.069 UP4BL 103 8.543 0.530 0.062

UM1MD 102 9.270 0.530 0.057 UM1MD 96 9.488 0.494 0.052
UM1BL 103 10.434 0.567 0.054 UM1BL 100 10.909 0.524 0.048
UM2MD 70 8.999 0.593 0.066 UM2MD 81 9.284 0.529 0.057
UM2BL 87 10.125 0.620 0.061 UM2BL 92 10.721 0.706 0.066
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Table A.5 Distributional statistics for the Bhils and Chenchus by sex after elimination of 
outliers and cases missing more than four variables. From Hemphill (2018a).

Bhils Chenchus
Females (n= 98) Males (n= 102) Females (n= 81) Males (n= 107)

Variable n G1 G2 Wsw2 Psw3 n G1 G2 Wsw Psw n G1 G2 Wsw Psw n G1 G2 Wsw Psw
LIlMD 92 -0.280 0.435 0.976 0.085 101 0.176 -0.176 0.986 0.375 76 0.140 -0.235 0.975 0.148 100 0.151 -0.382 0.982 0.190
LI1BL S3 -0.220 0.033 0.977 0.143 88 0.258 -0.268 0.980 0.197 69 -0.206 -0.442 0.978 0.265 96 0.076 -0.636 0.984 0.295
LI2MD 97 0.114 0.559 0.984 0.307 99 -0.169 -0.324 0.982 0.207 81 -0.236 0.006 0.965 0.027 106 0.076 -0.330 0.986 0.362
LI2BL 88 0.150 -0.058 0.982 0.276 94 -0.325 0.598 0.983 0.253 76 0.162 -0.217 0.978 0.221 ∣101 0.516 0.079 0.976 0.059
LCMD 98 -0.080 0.146 0.984 0.285 101 0.353 -0.188 0.976 0.065 79 -0.114 -0.447 0.986 0.571 102 -0.∞4 -0.697 0.974 0.039
LCBL 89 -0.120 -0.251 0.975 0.084 96 -0.240 -0.566 0.981 0.184 79 -0.283 -0.083 0.981 0.284 102 -0.157 -0.150 0.991 0.726
LP3MD 95 0.160 -0.567 0.975 0.063 101 0.103 -0.104 0.988 0.491 81 0.253 -0.764 0.971 0.061 106 0.027 -0.150 0.991 0.718
LP3BL 97 0.114 -0.457 0.987 0.476 102 0.209 -0.407 0.979 0.109 78 -0.083 -0.104 0.989 0.749 107 -0.038 -0.083 0.993 0.982
LP4MD 98 0.044 -0.473 0.988 0.560 99 0.040 -0.360 0.984 0.278 79 0.096 -0.328 0.992 0.908 107 -0.005 -0.434 0.988 0.455
LP4BL 94 -0.005 -0.471 0.986 0.396 100 -0.242 -0.331 0.986 0.395 80 -0.221 -0.113 0.983 0.368 107 -0.298 0.031 0.988 0.450
LMlMD 98 -0.006 -0.495 0.984 0.299 101 -0.272 -0.264 0.983 0.206 80 -0.096 -0.435 0.978 0.186 106 0.074 -0.455 0.989 0.523
LMlBL 97 -0.010 -0.122 0.985 0.341 101 0.016 -0.253 0.991 0.763 81 -0.160 -0.564 0.987 0.581 105 -0.154 -0.441 0.987 0.416
LM2MD 93 0.280 -0.004 0.984 0.297 98 0.168 -0.375 0.986 0.391 75 0.030 0.659 0.978 0.226 101 0.237 -0.064 0.991 0.763
LM2BL 98 -0.034 0.031 0.992 0.845 97 -0.379 0.953 0.978 0.100 79 -0.256 0.352 0.982 0.319 103 -0.051 -0.712 0.981 0.156
UI1MD 93 -0.175 -0.271 0.983 0.257 101 -0.454 -0.199 0.971 0.025 78 -0.250 -0.489 0.983 0.367 103 0.275 -0.818 0.966 0.010
UIlBL 97 -0.173 0.091 0.986 0.410 102 0.279 -0.450 0.978 0.087 78 -0.250 -0.512 0.979 0.234 102 -0.264 -0.067 0.981 0.144
UI2MD 92 0.106 0.044 0.992 0.836 98 -0.321 0.138 0.972 0.032 80 -0.038 -0.414 0.986 0.550 105 -0.085 0.007 0.992 0.828
UI2BL 90 -0.186 -0.510 0.975 0.084 100 0.123 -0.745 0.975 0.059 80 -0.385 0.354 0.984 0.412 100 -0.268 -0.105 0.985 0.338
UCMD 96 0.094 -0.414 0.982 0.205 101 0.038 -0.572 0.984 0.269 80 -0.271 -0.278 0.986 0.562 105 0.007 0.084 0.991 0.708
UCBL 98 0.315 -0.514 0.975 0.053 102 -0.122 -0.229 0.989 0.538 80 -0.131 -0.537 0.980 0.229 103 0.028 -0.426 0.985 0.279
UP3MD 97 -0.101 -0.372 0.986 0.388 101 -0.060 -0.480 0.984 0.248 81 0.107 -0.296 0.987 0.608 107 -0.086 -0.225 0.992 0.818
UP3BL 96 0.114 -0.302 0.988 0.523 101 -0.131 0.216 0.979 0.106 78 0.230 0.040 0.988 0.686 106 0.136 -0.245 0.987 0.377
UP4MD 94 -0.098 -0.177 0.987 0.457 100 0.028 -0.344 0.983 0.232 80 0.193 -0.684 0.970 0.054 105 0.141 -0.415 0.987 0.426
UP4BL 97 0.083 -0.142 0.987 0.472 101 -0.406 -0.099 0.979 0.109 77 -0.152 -0.125 0.992 0.930 105 0.305 -0.348 0.981 0.141
UMlMD 98 0.012 -0.470 0.982 0.211 101 -0.101 -0.013 0.985 0.310 81 -0.150 -0.516 0.988 0.677 106 -0.119 -0.345 0.982 0.154
UMlBL 98 0.168 -0.273 0.987 0.482 100 -0.127 0.197 0.990 0.629 80 0.198 0.188 0.976 0.146 107 0.161 -0.347 0.990 0.585
UM2MD 81 0.371 -0.081 0.974 0.095 98 -0.047 -0.239 0.990 0.687 72 0.113 -0.145 0.978 0.225 99 0.186 -0.166 0.989 0.588
UM2BL 93 0.006 -0.195 0.991 0.773 101 -0.715 1.317 0.968 0.014 77 -0.178 -0.260 0.991 0.853 103 0.228 -0.060 0.979 0.100



Table A.6 Distributional statistics for the Garasias and Gompadompti Madigas by sex after
elimination of outliers and cases missing more than four variables. From Hemphill (2018a).

Garasias Gompadompti Madigas
Females (n= 97) Males (n= 105) Females (n= 70) Males (n= 90)

Variable n G1 G2 Wsw Psw n G1 G2 Wsw Psw n G1 G2 Wsw Psw n G1 G2 Wsw Psw
LIlMD 95 -0.082 0.141 0.984 0.316 98 -0.231 -0.329 0.982 0.190 62 0.520 -0.261 0.956 0.026 80 0.476 -0.384 0.959 0.011
LIlBL 90 -0.209 -0.244 0.989 0.638 98 -0.423 0.102 0.980 0.135 54 -0.173 0.154 0.985 0.751 69 0.037 -0.542 0.985 0.575
LI2MD 97 0.071 -0.057 0.986 0.380 103 0.214 -0.167 0.982 0.183 65 0.135 -0.423 0.975 0.202 85 0.160 0.178 0.987 0.558
LI2BL 97 -0.136 -0.321 0.987 0.483 98 0.199 0.079 0.982 0.203 62 0.088 -0.427 0.971 0.155 78 0.151 -0.539 0.980 0.277

LCMD 96 -0.047 -0.295 0.981 0.192 104 0.266 -0.365 0.983 0.215 70 0.563 0.115 0.967 0.065 90 -0.051 -0.372 0.988 0.596
LCBL 96 -0.307 0.297 0.980 0.143 102 -0.231 -0.329 0.978 0.083 69 -0.182 -0.659 0.976 0.210 89 -0.330 -0.103 0.981 0.204
LP3MD 94 -0.316 0.225 0.974 0.061 104 0.297 -0.250 0.986 0.334 70 -0.171 0.023 0.986 0.598 88 0.177 0.299 0.982 0.243
LP3BL 97 0.105 -0.557 0.987 0.451 105 0.213 -0.369 0.985 0.303 67 -0.200 -0.120 0.986 0.648 89 -0.021 -0.329 0.984 0.351
LP4MD 96 0.252 -0.485 0.983 0.234 104 0.333 -0.489 0.975 0.049 69 -0.182 -0.261 0.979 0.309 85 0.029 -0.231 0.984 0.373

LP4BL 96 -0.352 -0.197 0.978 0.115 105 -0.160 -0.228 0.990 0.630 67 0.237 -0.468 0.964 0.051 90 0.062 -0.923 0.968 0.027
LMlMD 96 0.120 -0.493 0.980 0.157 104 0.002 -0.337 0.987 0.383 70 0.264 0.071 0.976 0.206 89 -0.073 -0.533 0.974 0.065
LMlBL 95 -0.054 -0.098 0.990 0.721 105 -0.103 -0.579 0.988 0.458 70 -0.200 -0.175 0.985 0.573 89 0.109 -0.234 0.986 0.446

LM2MD 85 0.210 -0.775 0.965 0.020 93 0.401 -0.103 0.977 0.093 65 0.285 -0.262 0.978 0.307 88 -0.164 0.185 0.987 0.502
LM2BL 95 -0.285 -0.261 0.980 0.159 100 0.054 0.293 0.992 0.796 68 -0.345 0.064 0.977 0.236 87 0.067 -0.517 0.978 0.156
UIlMD 95 -0.222 -0.163 0.989 0.605 100 0.176 -0.257 0.988 0.519 65 -0.022 -0.549 0.975 0.219 87 0.409 0.433 0.980 0.214
UIlBL 96 -0.306 -0.413 0.984 0.282 105 -0.006 -0.475 0.989 0.528 63 -0.083 0.115 0.973 0.181 81 -0.014 -0.198 0.987 0.569

UI2MD 88 -0.025 -0.220 0.991 0.820 102 0.267 0.006 0.988 0.473 66 0.069 -0.410 0.972 0.141 84 -0.013 -0.444 0.981 0.259

UI2BL 96 -0.002 -0.318 0.990 0.699 103 0.087 -0.111 0.985 0.283 66 -0.137 -0.217 0.985 0.609 89 -0.279 -0.052 0.988 0.570
UCMD 97 -0.217 0.238 0.988 0.497 105 -0.197 -0.073 0.989 0.557 70 0.383 -0.444 0.971 0.103 89 0.173 -0.522 0.973 0.059
UCBL 96 -0.149 0.105 0.983 0.257 102 -0.162 -0.321 0.987 0.394 70 -0.099 -0.420 0.986 0.614 89 -0.050 -0.061 0.990 0.713
UP3MD 94 0.048 -0.043 0.989 0.598 104 0.278 -0.350 0.984 0.233 70 0.220 -0.475 0.978 0.261 90 -0.097 0.282 0.990 0.704
UP3BL 96 -0.099 -0.258 0.990 0.706 105 0.192 -0.535 0.983 0.191 69 0.071 -0.287 0.981 0.356 89 0.033 -0.260 0.988 0.601
UP4MD 97 -0.055 -0.361 0.986 0.399 103 0.430 0.362 0.977 0.070 69 -0.164 -0.590 0.973 0.144 88 0.211 -0.440 0.982 0.258
UP4BL 95 -0.252 -0.508 0.978 0.103 103 0.039 -0.513 0.988 0.495 69 0.043 -0.543 0.980 0.353 89 0.114 -0.136 0.984 0.358
UMlMD 96 0.059 -0.286 0.986 0.417 105 0.295 -0.491 0.980 0.109 68 -0.037 -0.132 0.983 0.505 90 0.235 0.044 0.976 0.090
UMlBL 97 -0.111 -0.040 0.988 0.564 103 0.086 -0.286 0.988 0.457 69 0.267 -0.326 0.982 0.435 90 -0.216 -0.540 0.977 0.112
UM2MD 60 -0.143 -0.683 0.974 0.232 81 0.188 -0.581 0.978 0.176 66 0.140 0.144 0.985 0.614 77 0.165 -0.030 0.984 0.459
UM2BL 89 -0.276 -0.686 0.973 0.063 99 0.053 -0.325 0.982 0.209 69 -0.223 -0.655 0.981 0.372 89 -0.004 -0.547 0.984 0.339
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Table A.7 Distributional statistics for the Pakanati Reddis and Vaghela Rajputs by sex after
elimination of outliers and cases missing more than four variables. From Hemphill (2018a).

Pakanati Reddis Vaghelia Rajputs
Females (n= 76) Males (n= 93) Females (n= 47) Males (n= 141)

Variable n G1 G2 Wsw Psw n G1 G2 Wsw Psw n G1 G2 Wsw Psw n G1 G2 Wsw Psw
LIlMD 70 0.211 -0.295 0.976 0.209 86 0.130 -0.430 0.981 0.243 46 -0.575 0.179 0.951 0.053 137 -0.195 -0.453 0.984 0.122
LIlBL 68 0.275 -0.480 0.973 0.139 85 -0.395 -0.022 0.982 0.277 45 -0.095 -1.217 0.951 0.056 130 0.331 -0.348 0.982 0.077
LI2MD 73 0.198 -0.692 0.976 0.188 90 -0.324 -0.101 0.979 0.162 44 0.496 -0.367 0.952 0.068 139 -0.008 -0.293 0.988 0.290
LI2BL 73 0.221 -0.604 0.981 0.352 90 0.223 -0.620 0.977 0.120 47 -0.422 -0.268 0.957 0.080 130 0.137 0.234 0.987 0.282
LCMD 76 0.294 -0.501 0.975 0.147 93 -0.154 -0.237 0.979 0.139 47 0.017 -0.206 0.984 0.759 139 0.012 -0.405 0.989 0.358
LCBL 72 0.015 -0.192 0.988 0.722 86 0.347 -0.630 0.963 0.014 44 0.113 -0.376 0.978 0.548 140 -0.103 -0.487 0.988 0.269

LP3MD 76 -0.274 -0.217 0.983 0.428 93 0.058 0.666 0.977 0.105 45 -0.016 -0.173 0.975 0.438 140 -0.004 0.382 0.989 0.309
LP3BL 76 -0.116 -0.745 0.980 0.291 90 0.112 -0.178 0.981 0.222 47 0.038 -0.538 0.983 0.699 136 -0.168 -0.157 0.985 0.133
LP4MD 76 0.135 -0.231 0.988 0.699 87 -0.207 -0.445 0.975 0.085 47 -0.054 -0.133 0.988 0.918 138 0.325 -0.296 0.973 0.007
LP4BL 76 -0.097 -0.572 0.980 0.288 92 -0.210 -0.651 0.977 0.111 47 0.005 -0.744 0.968 0.225 135 -0.266 -0.163 0.986 0.192

LMlMD 76 -0.357 -0.427 0.967 0.043 93 -0.186 -0.691 0.979 0.145 47 -0.191 -0.102 0.988 0.914 138 0.097 -0.280 0.990 0.455
LMlBL 74 -0.432 -0.094 0.977 0.197 92 -0.093 -0.369 0.992 0.884 47 0.461 -0.105 0.965 0.175 139 0.195 -0.545 0.984 0.103
LM2MD 72 -0.589 -0.159 0.961 0.024 90 -0.119 0.047 0.988 0.580 40 -0.247 -0.199 0.972 0.415 128 0.113 -0.425 0.991 0.532
LM2BL 75 -0.075 -0.108 0.992 0.912 91 -0.037 -0.265 0.991 0.816 46 0.237 -0.669 0.976 0.441 134 -0.047 -0.371 0.988 0.313
UIlMD 70 0.242 -0.335 0.977 0.231 90 0.313 -0.537 0.979 0.144 44 -0.042 -0.061 0.969 0.277 135 -0.096 -0.442 0.981 0.055
UIlBL 66 -0.108 -0.173 0.990 0.868 89 -0.022 -0.291 0.986 0.439 47 0.079 -0.621 0.980 0.583 140 0.112 -0.152 0.992 0.569
UI2MD 72 0.156 0.036 0.984 0.474 88 0.229 -0.430 0.984 0.333 46 0.338 -0.343 0.969 0.253 139 -0.169 -0.103 0.989 0.338

UI2BL 70 -0.402 -0.223 0.968 0.048 93 -0.149 -0.102 0.985 0.348 47 -0.277 -0.478 0.969 0.247 138 -0.114 -0.236 0.990 0.400
UCMD 75 -0.126 -0.615 0.979 0.250 89 -0.192 0.560 0.975 0.089 45 0.220 -0.231 0.977 0.491 137 -0.228 -0.197 0.984 0.113
UCBL 72 -0.297 -0.167 0.974 0.139 93 -0.288 -0.061 0.983 0.265 40 -0.165 -0.307 0.968 0.318 140 -0.139 -0.351 0.988 0.287

UP3MD 74 0.183 -0.418 0.977 0.185 89 -0.426 0.127 0.966 0.019 45 -0.565 0.300 0.968 0.246 140 0.125 -0.060 0.991 0.543
UP3BL 76 0.111 -0.483 0.988 0.700 93 -0.229 0.303 0.981 0.180 47 0.173 -0.723 0.963 0.147 135 -0.053 0.056 0.985 0.130
LTP4MD 76 0.055 -0.328 0.988 0.670 90 0.112 0.003 0.985 0.388 46 0.115 -0.279 0.985 0.816 141 -0.098 -0.323 0.990 0.384
UP4BL 76 -0.294 -0.239 0.986 0.572 92 -0.008 -0.519 0.979 0.150 47 -0.163 -0.254 0.979 0.534 139 -0.044 -0.466 0.985 0.138

UMlMD 74 0.076 -0.506 0.980 0.297 93 -0.079 -0.221 0.992 0.879 47 -0.226 -0.018 0.979 0.566 136 0.089 -0.678 0.984 0.117
UMlBL 75 -0.097 -0.199 0.989 0.762 91 0.174 -0.337 0.984 0.344 47 0.105 -0.210 0.985 0.815 138 0.337 -0.245 0.982 0.061
UM2MD 67 -0.570 -0.263 0.957 0.021 87 0.110 0.358 0.982 0.262 29 0.360 -0.636 0.963 0.396 110 0.041 -0.220 0.993 0.840
UM2BL 76 -0.042 0.082 0.990 0.803 93 -0.088 -0.538 0.986 0.414 43 0.003 -0.730 0.970 0.322 134 0.097 -0.347 0.986 0.201



Table A.8 Distributional statistics for the Khowar by sex after elimination of outliers and
cases missing more than four variables. From Hemphill (2018a).

After Removal of Outliers After EM Estimation
Females (n= 105) Males (n= 104) Females (n= 94) Males (n= S4)

Variable η Gl G2 wsw1 Psw2 n Gl G2 Wsw Psw Gl G2 Wsw Psw Gl G2 Wsw Psw
LIlMD 83 -0.222 0.053 0.981 0.268 81 0.375 -0.124 0.975 0.115 -0.238 0.406 0.983 0.253 0.026 0.421 0.980 0.229
LIlBL 87 0.014 -0.034 0.990 0.761 80 -0.244 0.013 0.982 0.327 -0.008 0.189 0.988 0.574 0.048 0.574 0.973 0.071
LI2MD S6 -0.032 -0.222 0.983 0.312 85 -0.043 -0.549 0.976 0.106 -0.037 0.025 0.984 0.296 -0.000 -0.193 0.978 0.169
LI2BL 90 -0.054 0.194 0.990 0.766 90 -0.250 0.030 0.983 0.270 -0.060 0.309 0.990 O.681 -0.227 0.149 0.981 0.250
LCMD 86 -0.070 -0.261 0.971 0.052 88 -0.046 -0.119 0.984 0.355 -0.037 -0.053 0.973 0.051 0.022 -0.070 0.984 0.369
LCBL 94 -0.020 -0.353 0.982 0.235 88 -0.105 -0.424 0.984 0.340 -0.020 -0.353 0.982 0.235 -0.041 -0.329 0.985 0.428
LP3MD 94 0.400 -0.504 0.967 0.016 91 -0.162 -0.510 0.982 0.240 -0.056 -0.534 0.979 0.146 -0.155 -0.440 0.983 0.350
LP3BL 94 0.175 -0.346 0.987 0.503 89 -0.016 0.390 0.981 0.207 0.175 -0.346 0.987 0.503 0.057 0.478 0.985 0.439
LP4MD 94 0.289 -0.586 0.975 0.069 86 0.045 -0.521 0.980 0.210 0.289 -0.586 0.975 0.069 0.099 -0.444 0.979 0.197
LP4BL 94 0.094 -0.661 0.982 0.231 86 -0.352 -0.226 0.981 0.255 0.094 -0.661 0.982 0.231 -0.397 -0.218 0.977 0.128
LMlMD 92 0.081 -0.425 0.989 0.657 91 0.139 -0.255 0.983 0.270 0.082 -0.368 0.990 0.674 0.124 -0.358 0.986 0.474
LMlBL 90 0.036 -0.315 0.991 0.793 88 -0.086 -0.226 0.983 0.323 0.038 -0.277 0.992 0.S41 0.024 -0.113 0.983 0.332
LM2MD 84 0.258 -0.419 0.979 0.199 86 -0.186 -0.247 0.989 0.678 0.238 -0.245 0.984 0.288 -0.143 -0.166 0.991 0.808
LM2BL 90 -0.069 -0.032 0.991 0.816 85 -0.454 -0.304 0.966 0.025 -0.064 0.098 0.991 0.787 -0.406 -0.084 0.972 0.066
UIIMD 87 0.449 -0.201 0.971 0.045 80 -0.015 -0.426 0.979 0.198 0.027 -0.114 0.984 0.306 -0.009 -0.042 0.972 0.066
UIlBL 80 0.354 -0.37S 0.977 0.159 S4 -0.231 -0.235 0.987 0.534 0.413 0.036 0.975 0.074 -0.127 0.097 0.985 0.450
UI2MD S9 -0.022 -0.008 0.991 0.S23 87 0.567 -0.188 0.959 0.008 0.009 0.091 0.990 0.741 0.006 -0.119 0.984 0.398
UI2BL 84 -0.342 0.075 0.979 0.198 85 0.176 -0.179 0.979 0.192 -0.3S2 0.401 0.978 0.112 0.250 0.127 0.977 0.129
UCMD 92 0.025 -0.123 0.983 0.288 89 -0.069 -0.631 0.97S 0.137 0.046 -0.099 0.984 0.306 -0.155 -0.782 0.972 0.066
UCBL 87 -0.101 -0.246 0.988 0.637 88 -0.235 -0.461 0.983 0.316 -0.093 -0.052 0.988 0.563 -0.256 -0.357 0.983 0.350
UP3MD 94 -0.126 -0.344 0.988 0.573 92 -0.231 -0.052 0.987 0.519 -0.126 -0.344 0.988 0.573 -0.361 -0.098 0.977 0.134
UP3BL 94 0.026 -0.448 0.992 0.871 92 -0.211 -0.179 0.989 0.644 0.026 -0.448 0.992 0.871 -0.158 -0.176 0.990 0.776
UP4MD 94 0.161 -0.256 0.976 0.075 91 0.092 0.220 0.974 0.066 0.161 -0.256 0.976 0.075 0.017 0.226 0.975 0.095
UP4BL 94 -0.042 -0.430 0.990 0.726 91 -0.014 -0.435 0.990 0.731 -0.042 -0.430 0.990 0.726 -0.088 -0.368 0.991 0.803
UMlMD 92 0.339 -0.135 0.9S6 0.42S 90 0.093 -0.051 0.984 0.320 0.306 -0.136 0.988 0.522 0.206 0.135 0.981 0.233
UMlBL 94 0.411 0.114 0.976 0.087 89 -0.156 -0.371 0.986 0.486 0.411 0.114 0.976 0.087 -0.070 -0.330 0.98S 0.598
UM2MD 69 0.100 -0.383 0.981 0.389 77 -0.301 -0.503 0.960 0.016 0.031 0.462 0.973 0.047 -0.032 -0.013 0.972 0.062
UM2BL 85 0.019 -0.772 0.977 0.143 87 -0.225 0.016 0.9SS 0.634 0.020 -0.528 0.981 0.183 -0.258 0.179 0.988 0.606
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Table A.9 Descriptive statistics for comparative peninsular Indian population samples by sex
after EM estimation. From Hemphill (2018a).

Bhils Chenchus
Females (n= 69) Males (n= 90) Females (n= 68) Males (n= 103)

Variable X sd CV X sd CV X sd CV X sd CV

LI1MD 5.280 0.325 0.062 5.312 0.330 0.055 5.023 0.382 0.076 5.055 0.371 0.073
LI1BL 5.662 0.354 0.063 5.940 0.367 0.062 5.627 0.440 0.078 6.095 0.541 0.089
LI2MD 5.793 0.406 0.070 5.885 0.354 0.060 5.610 0.440 0.078 5.725 0.408 0.071
LI2BL 6.003 0.356 0.059 6.282 0.400 0.064 6.087 0.520 0.085 6.336 0.419 0.066
LCMD 6.407 0.327 0.051 6.840 0.343 0.050 6.267 0.407 0.065 6.645 0.404 0.061
LCBL 6.787 0.442 0.065 7.198 0.600 0.083 6.824 0.619 0.091 7.386 0.647 0.088
LP3MD 6.820 0.366 0.054 6.967 0.430 0.062 6.503 0.525 0.081 6.801 0.476 0.070
LP3BL 7.623 0.488 0.064 7.753 0.5∞ 0.064 7.620 0.523 0.069 8.075 0.601 0.074
LP4MD 6.986 0.482 0.069 7.030 0.431 0.061 6.412 0.451 0.070 6.569 0.509 0.077
LP4BL 8.107 0.416 0.051 8.196 0.540 0.054 8.036 0.669 0.083 8.434 0.638 0.076
LM1MD 10.800 0.655 0.061 11.147 0.606 0.054 10.742 0.535 0.050 10.990 0.604 0.055
LM1BL 10.434 0.423 0.041 10.708 0.450 0.042 10.192 0.492 0.048 10.533 0.528 0.050
LM2MD 10.036 0.553 0.055 10.309 0.496 0.048 9.427 0.527 0.056 9.776 0.686 0.070
LM2BL 9.941 0.492 0.049 10.239 0.544 0.053 9.809 0.539 0.055 10.106 0.569 0.056
UI1MD 8.171 0.473 0.058 8.514 0.489 0.057 8.081 0.492 0.061 8.365 0.512 0.061
UI1BL 6.733 0.456 0.068 6.897 0.500 0.072 6.806 0.526 0.077 7.197 0.555 0.077
UI2MD 6.365 0.487 0.077 6.690 0.483 0.072 6.301 0.771 0.122 6.604 0.635 0.096
UT2BL 5.770 0.414 0.072 5.956 0.475 0.080 5.821 0.615 0.106 6.170 0.537 0.087
UCMD 7.375 0.374 0.051 7.753 0.411 0.053 7.137 0.386 0.054 7.469 0.433 0.058
UCBL 7.571 0.522 0.069 7.937 0.537 0.068 7.493 0.601 0.080 8.079 0.668 0.083
UP3MD 6.867 0.358 0.052 6.962 0.395 0.057 6.551 0.375 0.057 6.762 0.434 0.064
UP3BL 9.112 0.442 0.049 9.279 0.466 0.050 8.990 0.459 0.051 9.459 0.668 0.071
UP4MD 6.381 0.314 0.049 6.467 0.424 0.066 5.967 0.414 0.069 6.120 0.448 0.073
UP4BL 8.968 0.437 0.049 9.219 0.540 0.059 8.679 0.534 0.062 9.122 0.621 0.068
UM1MD 10.009 0.451 0.045 10.291 0.481 0.047 10.114 0.525 0.052 10.297 0.589 0.057
UM1BL 10.959 0.463 0.042 11.425 0.481 0.042 10.950 0.472 0.043 11.414 0.624 0.032
UM2MD 9.216 0.464 0.050 9.549 0.639 0.067 9.391 0.612 0.065 9.533 0.644 0.068
UM2BL 10.978 0.560 0.051 11.425 0.611 0.053 10.475 0.590 0.056 11.095 0.675 0.061
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Table A.9 continued.

Garasias Gompadhompti Madigas
Females (n= 89) Males (n= 101) Females (n= 70) Males (n= 68)

Variable X sd CV X sd CV X sd CV X sd CV

LIlMD 5.227 0.373 0.071 5.291 0.327 0.062 5.100 0.340 0.067 5.170 0.272 0.053
LIlBL 5.732 0.581 0.101 5.920 0.518 0.088 5.614 0.450 0.080 5.941 0.497 0.084
LI2MD 5.791 0.384 0.066 5.936 0.407 0.069 5.763 0.345 0.060 5.881 0.361 0.061
LT2BL 5.985 0.568 0.095 6.240 0.484 0.078 5.966 0.422 0.071 6.239 0.543 0.087
LCMD 6.406 0.359 0.056 6.837 0.423 0.062 6.384 0.480 0.075 6.672 0.382 0.057
LCBL 6.859 0.576 0.084 7.183 0.649 0.090 6.862 0.633 0.092 7.253 0.768 0.106
LP3MD 6.798 0.357 0.053 6.965 0.528 0.076 6.709 0.355 0.053 6.888 0.393 0.056
LP3BL 7.758 0.513 0.066 8.002 0.586 0.073 7.571 0.380 0.050 8.004 0.552 0.069
LP4MD 6.862 0.489 0.071 6.997 0.540 0.077 6.708 0.371 0.055 6.922 0.326 0.047
LP4BL 8.339 0.539 0.065 8.387 0.619 0.074 8.047 0.368 0.046 8.351 0.564 0.068
LMlMD 10.558 0.471 0.045 10.892 0.534 0.049 10.696 0.480 0.045 11.062 0.487 0.044
LMlBL 10.513 0.470 0.045 10.745 0.527 0.049 9.911 0.471 0.048 10.316 0.498 0.048
LM2MD 9.765 0.592 0.061 10.167 0.546 0.054 9.779 0.508 0.052 10.068 0.501 0.050
LM2BL 10.121 0.524 0.052 10.543 0.536 0.051 9.650 0.544 0.056 10.125 0.599 0.059
UIlMD 8.355 0.470 0.056 8.497 0.532 0.063 8.155 0.425 0.052 8.350 0.478 0.057
UIlBL 6.889 0.562 0.082 7.069 0.617 0.087 6.711 0.420 0.063 6.999 0.421 0.060
LTT2MD 6.470 0.442 0.068 6.751 0.563 0.083 6.500 0.479 0.074 6.765 0.417 0.062
UI2BL 5.941 0.646 0.109 6.105 0.645 0.106 5.850 0.554 0.095 6.278 0.601 0.096
UCMD 7.321 0.413 0.056 7.690 0.450 0.059 7.199 0.435 0.060 7.546 0.432 0.057
UCBL 7.724 0.622 0.081 8.108 0.698 0.086 7.551 0.516 0.068 8.085 0.809 0.100
UP3MD 6.767 0.385 0.057 6.941 0.515 0.074 6.684 0.422 0.063 6.865 0.423 0.062
UP3BL 9.142 0.505 0.055 9.362 0.572 0.061 8.837 0.434 0.049 9.348 0.546 0.058
LTP4MD 6.301 0.486 0.077 6.422 0.552 0.086 6.308 0.402 0.064 6.461 0.433 0.067
UP4BL 9.065 0.508 0.056 9.292 0.582 0.063 8.778 0.424 0.048 9.224 0.563 0.061
UMlMD 10.214 0.552 0.054 10.454 0.638 0.061 9.972 0.388 0.039 10.265 0.408 0.040
UMlBL 10.951 0.594 0.054 11.340 0.506 0.045 10.565 0.498 0.047 11.166 0.574 0.051
UM2MD 9.124 0.442 0.048 9.369 0.524 0.056 9.560 0.505 0.053 9.946 0.512 0.051
UM2BL 10.842 0.607 0.056 11.322 0.685 0.061 10.457 0.634 0.061 11.268 0.658 0.058
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Table A.9 continued.

Pakanati Reddis Vaghela Rajputs
Females (n= 60) Males (n= 93) Females (n= 27) Males (n= 127)

Variable X sd CV X sd CV X sd CV X sd CV

LIlMD 5.172 0.350 0.068 5.226 0.394 0.075 5.119 0.408 0.080 5.301 0.380 0.072
LIlBL 5.775 0.399 0.069 5.931 0.431 0.073 5.747 0.485 0.084 5.954 0.403 0.068
LI2MD 5.726 0.415 0.072 5.857 0.399 0.068 5.682 0.231 0.041 5.852 0.418 0.071
LI2BL 6.112 0.491 0.080 6.207 0.470 0.076 6.137 0.415 0.068 6.197 0.435 0.070
LCMD 6.357 0.444 0.070 6.655 0.392 0.059 6.348 0.360 0.057 6.828 0.426 0.062
LCBL 6.909 0.568 0.082 7.202 0.599 0.083 6.747 0.469 0.070 6.939 0.772 0.111
LP3MD 6.735 0.406 0.060 6.846 0.394 0.058 6.583 0.318 0.048 6.792 0.395 0.058
LP3BL 7.577 0.582 0.077 7.740 0.531 0.069 7.500 0.460 0.061 7.844 0.530 0.068
LP4MD 6.758 0.568 0.084 6.868 0.315 0.046 6.541 0.518 0.079 6.883 0.485 0.070
LP4BL 8.072 0.565 0.070 8.161 0.536 0.066 8.052 0.441 0.055 8.265 0.502 0.061
LMlMD 10.632 0.584 0.055 11.078 0.586 0.053 10.352 0.685 0.066 11.018 0.552 0.050
LMlBL 10.216 0.494 0.048 10.344 0.556 0.054 10.185 0.504 0.049 10.581 0.494 0.047
LM2MD 9.672 0.525 0.054 10.027 0.511 0.051 9.361 0.653 0.070 9.870 0.728 0.074
LM2BL 9.835 0.683 0.069 10.082 0.567 0.056 9.696 0.574 0.059 10.225 0.606 0.059
UIlMD 8.328 0.573 0.069 8.469 0.554 0.065 8.244 0.506 0.061 8.606 0.498 0.058
UIlBL 6.945 0.552 0.079 7.142 0.474 0.066 6.767 0.531 0.078 7.033 0.498 0.071
UT2MD 6.747 0.506 0.075 6.751 0.552 0.082 6.369 0.450 0.071 6.631 0.479 0.072
UI2BL 6.041 0.443 0.073 6.287 0.579 0.092 5.881 0.530 0.090 6.191 0.571 0.092
UCMD 7.342 0.476 0.065 7.549 0.409 0.054 7.227 0.431 0.060 7.614 0.464 0.061
UCBL 7.642 0.514 0.067 7.981 0.682 0.085 7.504 0.314 0.042 7.831 0.772 0.099
UP3MD 6.731 0.404 0.060 6.860 0.323 0.047 6.474 0.418 0.065 6.761 0.443 0.066
UP3BL 8.892 0.613 0.069 9.170 0.518 0.056 8.807 0.462 0.052 9.166 0.514 0.056
UP4MD 6.387 0.483 0.073 6.461 0.410 0.063 6.037 0.411 0.068 6.449 0.431 0.067
UP4BL 8.825 0.646 0.073 9.064 0.616 0.068 8.633 0.599 0.069 9.139 0.561 0.061
UMlMD 10.068 0.393 0.039 10.258 0.528 0.051 9.826 0.517 0.053 10.353 0.522 0.050
UMlBL 10.828 0.574 0.053 11.080 0.568 0.051 10.759 0.580 0.054 11.351 0.510 0.045
UM2MD 9.560 0.637 0.067 9.813 0.561 0.057 9.085 0.715 0.079 9.754 0.738 0.076
UM2BL 10.600 0.806 0.076 11.039 0.726 0.066 10.322 0.686 0.066 10.999 0.807 0.073
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Table A. 10 Descriptive statistics for the Khowar sample by sex after EM estimation. From Hemphill (2018a).

Females (n= 94) Males (n= 84)
Variable X sd CV Variable X sd CV

LIlMD 4.610 0.353 0.077 LIlMD 4.638 0.316 0.068
LIlBL 5.338 0.558 0.105 LIlBL 5.640 0.498 0.068
LI2MD 5.217 0.309 0.059 LI2MD 5.222 0.346 0.066
LI2BL 5.655 0.525 0.093 LI2BL 5.820 0.540 0.093
LCMD 5.857 0.259 0.044 LCMD 6.067 0.344 0.057
LCBL 6.663 0.556 0.083 LCBL 6.994 0.682 0.098

LP3MD 6.147 0.459 0.075 LP3MD 6.096 0.360 0.059
LP3BL 7.023 0.550 0.078 LP3BL 7.219 0.467 0.065
LP4MD 6.193 0.560 0.090 LP4MD 6.016 0.400 0.066
LP4BL 7.583 0.554 0.073 LP4BL 7.698 0.514 0.067

LMlMD 10.009 0.548 0.055 LMlMD 10.363 0.580 0.056
LMlBL 9.719 0.439 0.045 LMlBL 9.937 0.449 0.045
LM2MD 9.505 0.536 0.056 LM2MD 9.725 0.571 0.059
LM2BL 9.501 0.533 0.056 LM2BL 9.675 0.455 0.047
UTlMD 7.677 0.444 0.058 UIlMD 7.898 0.322 0.041
UIlBL 6.663 0.472 0.071 UIlBL 6.899 0.557 0.081
UT2MD 5.935 0.596 0.100 UI2MD 5.969 0.479 0.080
UT2BL 5.765 0.649 0.113 UI2BL 5.904 0.596 0.101
UCMD 6.833 0.413 0.060 UCMD 7.014 0.360 0.051
UCBL 7.381 0.506 0.069 UCBL 7.710 0.717 0.093

UP3MD 5.888 0.451 0.077 LTP3MD 5.920 0.350 0.059
UP3BL 8.233 0.598 0.073 UP3BL 8.410 0.532 0.063
UP4MD 5.591 0.436 0.078 UP4MD 5.589 0.360 0.064
UP4BL 8.410 0.579 0.069 UP4BL 8.479 0.503 0.059

UMlMD 9.278 0.503 0.054 UMlMD 9.446 0.497 0.053
UMlBL 10.447 0.564 0.054 UMlBL 10.819 0.492 0.045
UM2MD 9.010 0.514 0.057 UM2MD 9.280 0.492 0.053
UM2BL 10.132 0.594 0.059 UM2BL 10.663 0.684 0.064
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Table A. 11 Distributional statistics for all comparative peninsular Indian group samples by
sex after EM estimation. From Hemphill (2018a).

Bhils Chenchus
Females (n= 69) Males (n= 90) Females (n= 68) Males (n= 103)

Variable G1 G2 Wsw2 3Psw G1 G2 Wsw Psw G1 G2 Wsw Psw G1 G2 Wsw Psw
LI1MD -0.060 0.930 0.970 0.092 0.055 -0.387 0.985 0.408 0.285 0.032 0.968 0.074 0.183 -0.299 0.981 0.149
LI1BL -0.173 0.195 0.986 0.651 0.261 0.290 0.983 0.302 -0.198 -0.390 0.984 0.513 0.118 -0.433 0.986 0.372
LI2MD 0.264 1.027 0.971 0.107 -0.298 -0.401 0.976 0.091 -0.027 0.089 0.969 0.089 0.109 -0.321 0.986 0.363
LI2BL 0.095 0.550 0.981 0.374 -0.204 1.031 0.979 0.144 0.142 -0.372 0.976 0.222 0.553 0.355 0.974 0.042
LCMD -0.311 0.651 0.971 0.106 0.300 -0.304 0.977 0.108 -0.242 -0.254 0.988 0.747 0.086 -0.491 0.975 0.051
LCBL -0.173 0.352 0.972 0.126 -0.166 -0.384 0.987 0.540 -0.335 -0.019 0.980 0.341 -0.190 0.036 0.989 0.597
LP3MD 0.226 -0.470 0.975 0.189 0.141 0.054 0.985 0.385 0.289 -0.789 0.968 0.077 0.013 -0.218 0.991 0.758
LP3BL -0.004 -0.476 0.983 0.491 0.053 -0.527 0.985 0.373 0.144 -0.160 0.988 0.750 -0.021 -0.145 0.992 0.824
LP4MD 0.208 -0.286 0.988 0.760 0.088 -0.282 0.981 0.221 0.149 -0.347 0.991 0.909 0.002 -0.464 0.988 0.497
LP4BL -0.229 -0.139 0.981 0.397 -0.338 -0.347 0.979 0.151 -0.129 -0.054 0.988 0.742 -0.330 0.047 0.986 0.383
LM1MD 0.151 -0.506 0.981 0.380 -0.309 -0.413 0.980 0.174 0.167 -0.356 0.981 0.404 0.049 -0.438 0.989 0.549
LM1BL 0.104 -0.059 0.984 0.517 -0.104 -0.251 0.992 0.855 -0.093 -0.624 0.987 0.700 -0.205 -0.437 0.984 0.250
LM2MD 0.392 0.186 0.975 0.187 0.111 -0.429 0.983 0.277 0.406 0.681 0.976 0.202 0.176 0.074 0.993 0.863
LM2BL 0.436 -0.165 0.976 0.210 -0.506 1.562 0.974 0.065 0.081 0.103 0.984 0.560 -0.122 -0.635 0.983 0.194
UI1MD -0.170 -0.069 0.983 0.451 -0.389 -0.353 0.974 0.073 -0.211 -0.251 0.985 0.612 -0.020 -0.571 0.978 0.087
UI1BL -0.241 0.331 0.983 0.465 0.257 -0.350 0.981 0.214 -0.146 -0.435 0.984 0.514 -0.226 0.033 0.983 0.214
UI2MD -0.286 0.201 0.988 0.726 -0.284 0.097 0.974 0.064 0.039 -0.238 0.987 0.700 -0.187 -0.054 0.992 0.774
UI2BL -0.177 -0.423 0.974 0.162 0.211 -0.624 0.976 0.098 -0.368 0.234 0.983 0.498 -0.200 -0.029 0.988 0.494
UCMD 0.079 -0.367 0.979 0.309 0.114 -0.459 0.982 0.254 -0.131 -0.082 0.988 0.780 0.034 0.100 0.990 0.679
UCBL 0.368 -0.433 0.971 0.107 -0.102 -0.270 0.989 0.633 -0.059 -0.525 0.979 0.291 0.028 -0.426 0.985 0.279
UP3MD 0.083 -0.170 0.989 0.796 0.005 -0.296 0.986 0.478 0.181 -0.342 0.984 0.537 -0.069 -0.284 0.991 0.741
UP3BL -0.060 -0.170 0.986 0.628 -0.270 0.241 0.973 0.059 0.335 0.272 0.983 0.499 0.127 -0.315 0.986 0.377
UP4MD -0.408 -0.026 0.975 0.189 0.168 -0.281 0.978 0.126 0.097 -0.793 0.969 0.090 0.162 -0.456 0.986 0.379
UP4BL -0.042 -0.221 0.984 0.515 -0.377 -0.150 0.979 0.152 -0.147 -0.493 0.985 0.617 0.312 -0.388 0.980 0.125
UM1MD 0.121 -0.286 0.984 0.515 0.019 0.061 0.986 0.479 -0.181 -0.272 0.988 0.787 -0.150 -0.293 0.983 0.209
UM1BL 0.208 -0.101 0.988 0.768 -0.305 0.176 0.987 0.524 0.169 0.084 0.976 0.214 0.032 -0.510 0.989 0.567
UM2MD 0.184 -0.106 0.986 0.618 -0.163 -0.265 0.987 0.527 0.095 -0.836 0.960 0.027 0.223 -0.058 0.989 0.552
UM2BL -0.007 -0.414 0.978 0.268 -0.530 0.510 0.976 0.095 -0.164 -0.080 0.992 0.943 0.214 0.027 0.978 0.079
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Table A. 11 continued.

Garasias Gompadhompti Madigas
Females (n= 89) Males (n= 101) Females (n= 70) Males (n= 68)

Variable G1 G2 Wsw Psw G1 G2 Wsw Psw G1 G2 Wsw Psw Gl G2 Wsw Psw
LI1MD -0.041 0.345 0.979 0.166 0.125 -0.187 0.982 0.191 -0.093 -0.291 0.965 0.451 0.211 0.285 0.984 0.550
LI1BL -0.217 -0.121 0.989 0.697 -0.476 0.372 0.979 0.099 -0.140 0.982 0.971 0.099 0.056 0.061 0.981 0.399
LI2MD 0.127 0.306 0.980 0.191 0.169 -0.147 0.985 0.317 0.142 -0.232 0.974 0.156 0.247 0.188 0.982 0.434
LI2BL -0.316 -0.643 0.974 0.066 0.243 0.295 0.979 0.105 0.085 -0.102 0.966 0.057 0.171 -0.068 0.976 0.219
LCMD -0.072 -0.201 0.982 0.252 0.036 -0.610 0.985 0.322 0.563 0.115 0.967 0.065 -0.034 -0.547 0.982 0.454
LCBL -0.392 0.140 0.979 0.154 -0.271 -0.262 0.976 0.064 -0.180 -0.624 0.977 0.218 -0.359 0.208 0.980 0.350
LP3MD -0.332 0.474 0.974 0.074 0.299 -0.271 0.985 0.330 -0.171 0.023 0.986 0.598 0.146 0.352 0.979 0.318
LP3BL 0.065 -0.559 0.986 0.463 0.292 -0.471 0.980 0.133 -0.179 -0.066 0.987 0.690 0.130 -0.201 0.982 0.454
LP4MD 0.212 -0.279 0.987 0.547 0.351 -0.386 0.975 0.055 -0.201 -0.232 0.979 0.286 -0.068 -0.202 0.981 0.395
LP4BL -0.268 -0.259 0.980 0.201 -0.131 -0.248 0.991 0.730 -0.093 -0.157 0.965 0.104 0.135 -0.649 0.961 0.032
LM1MD 0.113 -0.530 0.977 0.108 0.025 -0.302 0.986 0.369 0.264 0.071 0.976 0.206 0.153 -0.173 0.973 0.139
LM1BL 0.021 -0.015 0.990 0.713 -0.068 -0.620 0.986 0.369 -0.200 -0.175 0.985 0.573 0.302 -0.054 0.983 0.489
LM2MD 0.133 -0.845 0.970 0.038 -0.050 -0.146 0.974 0.189 0.257 -0.192 0.982 0.408 0.159 -0.523 0.980 0.360
LM2BL -0.069 -0.740 0.983 0.284 0.118 0.563 0.990 0.636 -0.338 0.143 0.978 0.240 0.137 -0.389 0.984 0.551
UI1MD -0.258 -0.068 0.988 0.579 0.129 -0.230 0.991 0.722 -0.028 -0.415 0.980 0.333 0.529 0.287 0.972 0.123
UI1BL -0.358 -0.340 0.982 0.263 -0.008 -0.444 0.988 0.481 -0.113 0.361 0.970 0.093 -0.014 0.483 0.983 0.485
UI2MD 0.174 -0.263 0.988 0.557 0.307 0.167 0.987 0.399 0.078 -0.262 0.971 0.105 0.004 -0.075 0.982 0.414
UI2BL -0.015 -0.408 0.988 0.603 0.106 0.035 0.983 0.210 -0.116 -0.066 0.984 0.495 -0.193 0.005 0.989 0.803
UCMD -0.286 0.537 0.984 0.344 -0.080 -0.260 0.990 0.636 0.383 -0.444 0.971 0.103 0.246 -0.586 0.971 0.116
UCBL -0.172 0.168 0.982 0.272 -0.166 -0.345 0.986 0.390 -0.099 -0.420 0.986 0.614 0.059 -0.165 0.985 0.595
UP3MD 0.170 -0.174 0.984 0.337 0.256 -0.357 0.984 0.256 0.220 -0.475 0.978 0.261 0.171 0.391 0.985 0.565
UP3BL 0.032 -0.214 0.988 0.564 0.224 -0.480 0.983 0.211 0.086 -0.256 0.981 0.361 -0.013 -0.082 0.986 0.620
UP4MD -0.079 -0.168 0.988 0.572 0.447 0.391 0.977 0.069 -0.174 -0.555 0.974 0.151 0.310 -0.241 0.982 0.420
UP4BL -0.203 -0.406 0.986 0.439 0.053 -0.440 0.987 0.458 0.018 -0.539 0.980 0.337 0.181 0.058 0.980 0.356
UM1MD 0.105 -0.238 0.986 0.450 0.279 -0.558 0.978 0.092 -0.012 -0.066 0.983 0.486 0.215 -0.366 0.959 0.102
UM1BL -0.274 0.025 0.984 0.338 0.130 -0.199 0.987 0.398 0.262 -0.291 0.983 0.443 -0.398 -0.426 0.969 0.088
UM2MD -0.180 0.684 0.949 0.002 0.079 -0.316 0.984 0.273 0.121 0.312 0.984 0.519 0.250 -0.148 0.982 0.423
UM2BL -0.246 -0.563 0.974 0.076 0.033 -0.128 0.983 0.220 -0.225 -0.619 0.982 0.418 0.047 -0.911 0.972 0.124
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Table A. 11 continued.

Pakanati Reddis Vaghelia Rajputs
Females (n= 60) Males (n= 93) Females (n= 27) Males (n= 127)

Variable Gl G2 Wsw Psw G2 Wsw Psw Gl G2 Wsw Psw Gl G2 Wsw Psw
LI1MD -0.065 -0.492 0.980 0.417 0.156 -0.246 0.983 0.291 -0.388 -0.512 0.924 0.203 -0.140 -0.592 0.980 0.059
LI1BL 0.181 -0.529 0.974 0.234 -0.423 0.254 0.980 0.161 -0.165 -1.239 0.944 0.153 0.396 -0.082 0.982 0.082
LI2MD 0.385 -0.332 0.974 0.234 -0.323 -0.008 0.979 0.144 0.386 -0.001 0.962 0.419 0.002 -0.293 0.987 0.252
LI2BL 0.128 -0.540 0.987 0.762 0.233 -0.539 0.980 0.163 -0.583 -0.248 0.936 0.100 0.013 0.675 0.980 0.053
LCMD 0.203 -0.605 0.974 0.222 -0.154 -0.237 0.979 0.139 0.452 1.134 0.970 0.594 -0.081 -0.393 0.989 0.378
LCBL -0.035 0.006 0.989 0.852 -0.128 -0.534 0.977 0.100 0.719 0.565 0.960 0.371 -0.156 -0.545 0.982 0.091
LP3MD -0.362 0.194 0.977 0.302 0.058 0.666 0.977 0.105 0.012 -0.759 0.946 0.175 0.050 0.442 0.986 0.219
LP3BL -0.215 -0.723 0.976 0.287 0.094 -0.158 0.983 0.257 -0.136 -1.003 0.951 0.228 -0.030 -0.079 0.990 0.462
LP4MD 0.021 -0.375 0.989 0.865 -0.213 -0.342 0.978 0.108 -0.436 -0.526 0.966 0.497 -0.070 0.099 0.981 0.065
LP4BL -0.303 -0.738 0.968 0.113 -0.212 -0.625 0.979 0.129 0.288 -0.670 0.971 0.618 -0.226 0.119 0.987 0.299
LM1MD -0.207 -0.166 0.970 0.144 -0.186 -0.691 0.979 0.145 -0.248 -0.248 0.974 0.716 0.062 -0.349 0.989 0.403
LM1BL -0.403 -0.260 0.970 0.154 -0.112 -0.363 0.992 0.872 0.708 0.708 0.933 0.082 0.230 -0.506 0.982 0.097
LM2MD -0.394 0.177 0.976 0.281 -0.095 0.070 0.989 0.621 -0.032 -0.032 0.972 0.656 0.102 -0.320 0.992 0.676
LM2BL -0.122 0.071 0.988 0.843 -0.036 -0.212 0.992 0.861 0.474 0.474 0.926 0.056 -0.073 -0.258 0.987 0.259
UI1MD 0.255 -0.219 0.980 0.410 0.330 -0.458 0.980 0.166 -0.168 -0.168 0.954 0.267 0.025 -0.378 0.985 0.190
UI1BL -0.020 -0.113 0.989 0.845 -0.003 -0.190 0.986 0.400 -0.009 -0.315 0.981 0.876 -0.031 -0.321 0.991 0.558
UT2MD 0.294 0.136 0.976 0.293 0.206 -0.467 0.985 0.346 0.426 -0.453 0.957 0.320 -0.362 -0.153 0.980 0.054
UI2BL -0.488 0.039 0.961 0.051 -0.149 -0.102 0.985 0.348 0.343 -0.438 0.963 0.433 -0.206 -0.145 0.988 0.355
UCMD -0.156 -0.310 0.983 0.580 -0.212 -0.454 0.976 0.085 0.688 0.664 0.961 0.391 -0.289 -0.189 0.982 0.088
UCBL -0.127 -0.230 0.984 0.602 -0.288 -0.061 0.983 0.265 -0.067 0.548 0.970 0.610 0.082 -0.552 0.985 0.183
UP3MD 0.086 -0.453 0.975 0.267 -0.190 0.014 0.978 0.112 -0.684 0.152 0.937 0.101 0.222 -0.005 0.988 0.340
UP3BL 0.002 -0.506 0.988 0.809 -0.229 -0.303 0.981 0.180 0.153 -0.358 0.974 0.719 -0.098 0.028 0.984 0.155
UP4MD -0.126 -0.296 0.985 0.673 0.130 0.058 0.985 0.349 0.134 -0.470 0.973 0.691 -0.165 -0.636 0.981 0.066
UP4BL -0.478 0.193 0.977 0.317 0.006 -0.502 0.980 0.162 -0.016 0.411 0.967 0.514 0.069 -0.437 0.981 0.072
UM1MD 0.230 -0.722 0.967 0.110 -0.079 -0.221 0.992 0.879 -0.267 -0.352 0.981 0.893 0.085 -0.641 0.985 0.173
UM1BL 0.041 -0.454 0.989 0.862 0.161 -0.287 0.985 0.356 -0.454 -0.454 0.984 0.935 0.367 -0.178 0.981 0.080
UM2MD -0.651 0.269 0.963 0.065 0.110 -0.215 0.982 0.247 -0.688 -0.688 0.954 0.265 0.097 0.362 0.990 0.522
UM2BL -0.068 0.123 0.988 0.810 -0.088 -0.538 0.986 0.414 -0.968 -0.968 0.942 0.139 0.084 -0.265 0.987 0.247



Table A.12 Distributional statistics for the Khowar sample by sex after EM estimation. From
Hemphill (2018a).

After EM Estimation
Females (n= 94) Males (n= S4)

Gl G2 Wsw Psw Gl G2 Wsw Psw
-0.238 0.406 0.9S3 0.253 0.026 0.421 0.980 0.229
-0.008 0.189 0.988 0.574 0.048 0.574 0.973 0.071
-0.037 0.025 0.984 0.296 -0.000 -0.193 0.978 0.169
-0.060 0.309 0.990 0.681 -0.227 0.149 0.981 0.250
-0.037 -0.053 0.973 0.051 0.022 -0.070 0.984 0.369
-0.020 -0.353 0.982 0.235 -0.041 -0.329 0.985 0.428
-0.056 -0.534 0.979 0.146 -0.155 -0.440 0.983 0.350
0.175 -0.346 0.987 0.503 0.057 0.478 0.985 0.439
0.289 -0.586 0.975 0.069 0.099 -0.444 0.979 0.197
0.094 -0.661 0.982 0.231 -0.397 -0.218 0.977 0.128
0.082 -0.368 0.990 0.674 0.124 -0.358 0.986 0.474
0.038 -0.277 0.992 0.841 0.024 -0.113 0.983 0.332
0.238 -0.245 0.984 0.288 -0.143 -0.166 0.991 0.808

-0.064 0.098 0.991 0.787 -0.406 -0.084 0.972 0.066
0.027 -0.114 0.984 0.306 -0.009 -0.042 0.972 0.066
0.413 0.036 0.975 0.074 -0.127 0.097 0.985 0.450
0.009 0.091 0.990 0.741 0.006 -0.119 0.984 0.398

-0.382 0.401 0.978 0.112 0.250 0.127 0.977 0.129
0.046 -0.099 0.984 0.306 -0.155 -0.782 0.972 0.066

-0.093 -0.052 0.988 0.563 -0.256 -0.357 0.983 0.350
-0.126 -0.344 0.988 0.573 -0.361 -0.098 0.977 0.134
0.026 -0.448 0.992 0.871 -0.158 -0.176 0.990 0.776
0.161 -0.256 0.976 0.075 0.017 0.226 0.975 0.095

-0.042 -0.430 0.990 0.726 -0.088 -0.368 0.991 0.803
0.306 -0.136 0.988 0.522 0.206 0.135 0.981 0.233
0.411 0.114 0.976 0.087 -0.070 -0.330 0.988 0.598
0.031 0.462 0.973 0.047 -0.032 -0.013 0.972 0.062
0.020 -0.528 0.981 0.183 -0.258 0.179 0.988 0.606
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Table A. 13 Sex dimorphism among comparative Indian groups after EM estimation. From
Hemphill (2018a).

1. %sexd is the percentage of sex dimorphism calculated as 100 [Xm/Xf — 1] in accordance with the procedure of Garn et al. (1964).2. Ranking is based on the absolute value of the %sexd.

Variable
Bhils Chenchus Garasias Gompadhomptis Pakanatis V. Rajputs

%sexd1 Rank2 %sexd Rank %sexd Rank %sexd Rank %sexd Rank %sexd Rank
LI1MD 0.606 28 0.637 28 1.224 27 1.373 28 1.044 27 3.555 23
LIlBL 4.910 5 8.317 1 3.280 11 5.825 4 2.701 12 3.602 22
LI2MD 1.588 23 2.050 25 2.504 19 2.048 27 2.288 16 2.992 25
LI2BL 4.648 7 4.091 16 4.261 7 4.576 12 1.554 23 0.978 28
LCMD 6.758 1 6.032 4 6.728 1 4.511 13 4.688 1 7.561 1
LCBL 6.056 2 8.236 2 4.724 4 5.698 7 4.241 3 2.846 26

LP3MD 2.155 20 4.583 14 2.457 20 2.668 24 1.648 21 3.175 24
LP3BL 1.705 22 5.971 6 3.145 13 5.719 6 2.151 17 4.587 14
LP4MD 0.630 27 2.449 23 1.967 24 3.190 20 1.628 22 5.229 13
LP4BL 1.098 26 4.953 11 0.576 28 3.778 18 1.103 26 2.645 27

LMlMD 3.213 13 2.309 24 3.163 12 3.422 19 4.195 4 6.434 5
LMlBL 2.626 18 3.346 19 2.207 23 4.086 15 1.253 24 3.888 21
LM2MD 2.720 17 3.702 17 4.117 9 2.955 21 3.670 7 5.437 9
LM2BL 2.99S 14 3.028 21 4.170 8 4.922 10 2.511 14 5.456 S
UIlMD 4.19S 9 3.514 18 1.700 26 2.391 26 1.693 20 4.391 16
UIlBL 2.436 19 5.745 8 2.613 16 4.291 14 2.837 9 3.931 20
UI2MD 5.106 4 4.809 12 4.343 6 4.077 16 0.059 28 4.114 18
UI2BL 3.224 12 5.996 5 2.760 14 7.316 2 4.072 6 5.271 12
UCMD 5.125 3 4.652 13 5.040 2 4.820 11 2.S19 10 5.355 H
UCBL 4.834 6 7.821 3 4.972 3 7.072 3 4.436 2 4.358 17

UP3MD 1.383 24 3.221 20 2.571 17 2.708 23 1.917 18 4.433 15
UP3BL 1.833 21 5.217 9 2.406 21 5.783 5 3.126 8 4.076 19
UP4MD 1.348 25 2.564 22 1.920 25 2.425 25 1.159 25 6.825 3
UP4BL 2.799 16 5.104 10 2.504 18 5.081 9 2.708 11 5.861 6

UNIlMD 2.817 15 1.809 26 2.350 22 2.938 22 1.887 19 5.363 10
UMlBL 4.252 8 4.237 15 3.552 10 5.689 8 2.327 15 5.502 7
UM2MD 3.613 11 1.512 27 2.685 15 4.038 17 2.646 13 7.364 2
UM2BL 4.072 10 5.919 7 4.427 5 7.756 1 4.142 5 6.559 4

AVERAGE 3.170 4.351 3.156 4.327 2.518 4.707



Table A.14 Sex dimorphism among the Khowar after EM estimation. From Hemphill (2018a).

Variable %sexd Rank
LIlMD 0.607 24
LIlBL 5.658 1
LI2MD 0.096 27
LI2BL 2.918 10
LCMD 3.585 5
LCBL 4.968 3

LP3MD -0.830 22
LP3BL 2.791 13
LP4MD -2.858 12
LP4BL 1.517 21

LMlMD 3.537 8
LMlBL 2.243 17
LM2MD 2.315 16
LM2BL 1.831 19
UIlMD 2.879 11
UIlBL 3.542 7
UI2MD 0.573 25
UI2BL 2.411 15
UCMD 2.649 14
UCBL 4.457 4

UP3MD 0.543 26
UP3BL 2.150 18
UP4MD -0.036 28
UP4BL 0.820 23

UMlMD 1.811 20
UMlBL 3.561 6
UM2MD 2.997 9
UM2BL 5.241 2
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Table B.l Descriptive statistics of Rong females and males after geometric scaling.
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1. Fl is Levene's (1960) test for homogeneity of variance (significant differences in bold).
2. %sexd is the percentage of sex dimorphism calculated in accordance with Gam et al. (1964,1977). %sexd = ([Xm∕Xf] -1) × 100. 

Xm = mean male tooth dimension and Xf= mean female tooth dimension.
3. Ranking is based on the absolute value of the %sexd.

Females (n=67) Males (n=57)
Variable Mean sd CV Mean sd CV Fl1 P %sexd2 Rank3
LI1MD 0.666 0.032 4.749 0.665 0.029 4.359 0.000 0.994 -0.147 25
LI1BL 0.728 0.030 4.175 0.721 0.040 5.533 3.209 0.076 -1.048 11
LI2MD 0.738 0.041 5.582 0.732 0.035 4.815 0.735 0.393 -0.757 14
LI2BL 0.756 0.037 4.898 0.761 0.039 5.137 0.147 0.702 0.698 17
LCMD 0.825 0.034 4.078 0.852 0.031 3.698 0.237 0.627 3.247 1
LCBL 0.911 0.050 5.439 0.933 0.059 6.280 1.935 0.167 2.411 4

LP3MD 0.874 0.038 4.387 0.876 0.045 5.083 1.685 0.197 0.203 24
LP3BL 1.004 0.043 4.254 1.004 0.044 4.391 0.306 0.581 0.069 28
LP4MD 0.872 0.040 4.591 0.866 0.042 4.798 0.025 0.876 -0.726 15
LP4BL 1.053 0.041 3.893 1.047 0.050 4.730 1.131 0.290 -0.624 21
LM1MD 1.422 0.057 4.029 1.426 0.047 3.322 1.434 0.233 0.238 23
LM1BL 1.381 0.044 3.169 1.358 0.047 3.494 0.397 0.530 -1.668 7
LM2MD 1.316 0.046 3.472 1.314 0.041 3.148 1.484 0.226 -0.138 26
LM2BL 1.318 0.038 2.868 1.319 0.052 3.931 3.901 0.051 0.126 27
UI1MD 1.070 0.049 4.576 1.063 0.040 3.760 0.974 0.326 -0.669 18
UI1BL 0.863 0.050 5.852 0.856 0.049 5.700 0.075 0.785 -0.781 13
UI2MD 0.855 0.063 7.414 0.841 0.054 6.362 1.235 0.269 -1.594 8
UI2BL 0.765 0.051 6.613 0.746 0.049 6.520 0.001 0.970 -2.414 3
UCMD 0.935 0.045 4.761 0.945 0.034 3.623 5.572 0.020 0.975 12
UCBL 0.982 0.042 4.291 0.967 0.051 5.245 0.501 0.480 -1.480 9

UP3MD 0.894 0.034 3.853 0.900 0.038 4.167 0.073 0.788 0.715 16
UP3BL 1.194 0.051 4.305 1.171 0.047 3.987 0.106 0.745 -1.968 5
UP4MD 0.834 0.028 3.393 0.840 0.031 3.700 0.433 0.512 0.641 20
UP4BL 1.156 0.050 4.310 1.149 0.051 4.463 1.042 0.309 -0.666 19
UM1MD 1.298 0.051 3.949 1.316 0.046 3.460 0.548 0.461 1.426 10
UM1BL 1.440 0.038 2.659 1.435 0.048 3.351 2.724 0.101 -0.371 22
UM2MD 1.220 0.049 4.035 1.254 0.036 2.838 2.485 0.118 2.776 2
UM2BL 1.416 0.043 3.056 1.442 0.070 4.852 13.814 0.000 1.867 6
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Table В.2 Descriptive statistics of A’chik females and males after geometric scaling.

1. Fl is Levene’s (1960) test for homogeneity of variance (significant differences in bold).
2. %sexd is the percentage of sex dimorphism calculated in accordance with Gam et al. (1964, 1977). %sexd = ([Xm∕Xf] -1) × 100. 

Xm = mean male tooth dimension and Xf= mean female tooth dimension.
3. Ranking is based on the absolute value of the %sexd.

Females (n=47) Males (n=69)
Variable Mean sd CV Mean sd CV fl1 P %se×d2 Rank3

LI1MD 0.693 0.035 4.996 0.678 0.039 5.751 0.906 0.343 -2.189 7
LI1BL 0.705 0.044 6.168 0.717 0.039 5.380 1.066 0.304 1.608 13
LI2MD 0.754 0.040 5.287 0.749 0.042 5.579 0.179 0.673 -0.714 21
LI2BL 0.758 0.042 5.513 0.748 0.043 5.762 0.005 2.284 -1.396 16
LCMD 0.842 0.029 3.438 0.867 0.038 4.330 2.284 0.133 3.047 1
LCBL 0.882 0.049 5.523 0.895 0.051 5.739 0.619 0.433 1.453 15

LP3MD 0.906 0.034 3.702 0.890 0.039 4.370 1.086 0.300 -1.751 11
LP3BL 0.996 0.045 4.520 0.995 0.046 4.657 0.036 0.849 -0.134 25
LP4MD 0.914 0.035 3.845 0.886 0.039 4.365 0.664 0.417 -3.033 2
LP4BL 1.036 0.036 3.518 1.020 0.049 4.784 3.822 0.053 -1.484 14
LM1MD 1.447 0.048 3.299 1.427 0.045 3.160 0.004 0.951 -1.341 17
LM1BL 1.327 0.048 3.640 1.328 0.048 3.633 0.002 0.969 0.087 26
LM2MD 1.321 0.046 3.506 1.305 0.059 4.500 3.611 0.060 -1.210 18
LM2BL 1.294 0.042 3.283 1.294 0.042 3.275 0.037 0.847 0.005 28
UI1MD 1.080 0.029 2.640 1.069 0.053 4.943 12.594 0.001 -1.016 20
UI1BL 0.838 0.043 5.112 0.854 0.045 5.262 0.065 0.799 1.905 9
UI2MD 0.841 0.055 6.596 0.859 0.059 6.898 0.637 0.426 2.108 8
UI2BL 0.743 0.038 5.165 0.751 0.058 7.718 8.555 0.004 1.052 19
UCMD 0.950 0.038 3.996 0.972 0.040 4.140 0.146 0.703 2.331 5
UCBL 0.957 0.048 4.986 0.983 0.052 5.327 0.595 0.442 2.709 3

UP3MD 0.927 0.040 4.274 0.906 0.033 3.636 2.735 0.101 -2.213 6
UP3BL 1.154 0.046 3.948 1.154 0.043 3.770 0.116 0.734 -0.037 27
UP4MD 0.874 0.033 3.755 0.853 0.034 4.017 0.237 0.627 -2.432 4
UP4BL 1.135 0.034 3.020 1.140 0.053 4.632 9.094 0.003 0.413 23
UM1MD 1.344 0.048 3.536 1.336 0.046 3.478 0.264 0.608 -0.646 22
UM1BL 1.392 0.047 3.400 1.415 0.051 3.615 0.049 0.825 1.640 12
UM2MD 1.259 0.058 4.643 1.263 0.062 4.904 0.087 0.769 0.315 24
UM2BL 1.374 0.050 3.664 1.400 0.044 3.128 0.066 0.798 1.881 10
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Table B.3 Classification Matrix for the Rong and A'chik.

ACHf ACHm RONf RONm %correct
ACHf 38 5 4 0 81

ACHm 7 43 6 13 62
RONf 5 3 49 10 73
RONm 2 10 8 37 65
Total 52 61 67 60 70

Table B.4 Jackknifed Classification Matrix for the Rong and A'chik.

ACHf ACHm RONf RONm %correct
ACHf 32 7 6 2 68

ACHm 11 36 7 15 52
RONf 7 4 43 13 64
RONm 2 14 11 30 53
Total 52 61 67 60 59

Table B.5 Between Group F-matrix.

ACHf ACHm RONf RONm
ACHf —

ACHm 6.625 —
RONf 10.176 9.61 —
RONm 7.282 5.357 5 --

187



Table В.6 Levene’s test for univariate heterogeneity of variance across all population samples 
with sexes pooled after EM estimation and geometric scaling.

1. Significant values are in bold

Variable F P1 Greatest Variation Variable F P1 Greatest Variation
LI1MD 2.261 0.021 KHO, PNT, RAJ,CHU,ACH UI1MD 1.642 0.109
LI1BL 8.684 0.000 KHO, GRS UI1BL 2.728 0.006 CHU,GRS
LI2MD 0.969 0.467 UI2MD 5.507 0.000 CHU,KHO,BHi

LI2BL 5.167 0.000 KHO, GRS,CHU,RAj UI2BL 4.826 0.000 KHO, GRS, GPD
LCMD 2.719 0.006 CHU,GRS UCMD 0.494 0.861
LCBL 4.803 0.000 KHO, RAJ, CHU, GRS UCBL 4.778 0.000 KHO, PNT, RAJ, GPD

LP3MD 3.086 0.002 Kho,CHU,GPD,GRS UP3MD 2.744 0.005 KHO, RAJ,CHU,GRs

LP3BL 1.428 0.180 UP3BL 3.183 0.001 KHO, PNT, RAJ, CHU, GPD, GRS, RON
LP4MD 5.927 0.000 KHO, PNT,CHU,GRs UP4MD 6.953 0.000 GRS, PNT, KHO
LP4BL 4.663 0.000 CHU, KHO, GRS UP4BL 1.826 0.068
LM1MD 4.119 0.000 KHO,CHU,GRs UM1MD 6.056 0.000 CHU,PNT, GRS
LM1BL 3.481 0.001 GRS, ACH, CHU, PNT, KHO UM1BL 2.175 0.027 Kho,CHU,GPD,GRS
LM2MD 4.597 0.000 KHO, PNT, RAJ,CHU,GRs UM2MD 4.369 0.000 KHO, RAJ, CHU
LM2BL 2.72 0.006 KHO, PNT UM2BL 3.731 0.000 KHO, BHI, PNT, RAJ, CHU, GPD
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Table В. 7 Levene’s test for univariate heterogeneity of variance across all population samples 
with sexes separated after EM estimation and geometric scaling.

1. Significant values are in bold

Variable F P1 Greatest Variation Variable F P1 Greatest Variation
LI1MD 1.451 0.104 UI1MD 1.927 0.013 KHOf, PNTm, RAJm, GPDm, ACHm
LI1BL 4.055 0.000 KHOf, CHUm, GRSf UI1BL 1.707 0.036 KHOm, CHUm, GRSm
LI2MD 1.018 0.434 UI2MD 4.148 0.000 KHOf, CHUf, CHUm
LI2BL 3.891 0.000 KHOf, KHOm, PNTm, RAJm, CHUf, GRSm UI2BL 2.831 0.000 KHOf, KHOm, GRSm
LCMD 3.005 0.000 RAJm, CHUm, GRSm, ACHm UCMD 1.224 0.237
LCBL 3.429 0.000 KHOm, RAJm, CHUm, GPDm, GRSm UCBL 5.227 0.000 KHOm, RAJm

LP3MD 2.684 0.000 KHOf, CHUm UP3MD 2.424 0.001 KHOm
LP3BL 0.828 0.661 UP3BL 1.850 0.019 KHOm, KHO, PNTf, PNT, GRSf, GRSm, RONf
LP4MD 3.342 0.000 KHOf, KHOm, CHUm UP4MD 3.770 0.000 KHOm, KHOf, RAJm,GRSf, GRSm
LP4BL 2.809 0.000 KHOf, RAJm, CHUm, GRSf UP4BL 1.459 0.101
LM1MD 2.545 0.001 KHOf, KHOm, PNTm UM1MD 2.752 0.000 PNTm,RAJm, CHUm, GRSf, GRSm, ACHf
LM1BL 2.697 0.000 KHOf, PNTm,CHUm, GRSf UM1BL 1.753 0.029 KHOf, CHUm
LМ2MD 2.521 0.001 RAJm, CHUm,GRSf UM2MD 2.648 0.000 RAJm
LM2BL 1.729 0.032 KHOf UM2BL 2.720 0.000 KHOf,PNTm, GRSf

18
9



Table B.8 Canonical Variate loadings on the first three axes when population groups are pooled.

1 2 3

BHI -0.746 0.086 -1.158
CHU 0.435 -1.011 0.661
ACH -1.492 1.173 0.706
GPD -0.085 0.021 0.515
GRS -0.594 -0.696 -0.899
KHO 2.411 0.655 -0.278
RON -1.106 1.181 -0.048
PNT -0.093 -0.018 0.586
RAJ -0.275 -0.675 0.364

% OfVAR 38.60% 19.30% 16.80%
Cumulative % 38.60% 57.90% 74.70%

Table B.9 Canonical Variate loadings on the first three axes when sexes are separated.

1 2 3
BHIf -1.242 -0.775 0.395
BHIm -0.632 -0.805 0.465
CHUf 0.826 0.180 -0.981

CHUm 1.238 -0.229 -0.958
ACHf -2.120 1.512 -0.023
ACHm -1.164 1.031 0.128
GPDf -0.409 0.613 -0.510
GPDm -0.029 0.555 -0.658
GRSf -0.660 -1.364 0.279
GRSm -0.253 -1.218 0.305
KHOf 1.586 0.501 1.169
KHOm 2.659 0.375 0.853
RONf -1.009 0.232 0.874

RONm -1.205 0.781 0.553
PNTf -0.376 0.618 -0.316
PNTm 0.058 0.594 -0.382
RAJf -0.150 -1.100 -0.616
RAJm 0.416 -0.492 -0.944

% OfVAR 31.8% 16.9% 14.5%
Cumulative % 31.8% 48.7% 63.2%
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