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Abstract 
 

Postcranial non-metric skeletal traits are documented in two Cis-Baikal populations: the Kitoi, 

dating to the Early Neolithic (8000-7000/6800 BP), and the Isakovo/Serovo/Glazkovo (ISG) 

cultural complex, dating to the Late Neolithic (Isakavo/Serovo: 6000/5800-5200 BP) and Early 

Bronze Age (Glazkovo: 5200/5000-4000 BP). A major cultural discontinuity is thought to have 

occurred in the Middle Neolithic (7000/6800-6000/5800 BP). Current and previous research 

suggests that the Early Neolithic Kitoi were bioculturally distinct from the Late Neolithic-Bronze 

Age ISG cultural complex. Population, side, sex, and age differences in the expression of non-

metric traits were explored as indicators of differing activity patterns and divisions of labour 

between and within the Kitoi and ISG samples, as well as two Kitoi cemeteries: Shamanka II and 

Lokomotiv. Results of analyses indicate that the Kitoi, particularly males, were taking part in 

locomotion over steep terrain while carrying heavy loads, probably related to hunting trips. The 

ISG do not show evidence of these types of activities, suggesting a population difference in the 

frequency and degree of physically strenuous activity. Kitoi and Shamanka II males and young 

adult individuals show evidence of having performed the majority of the strenuous lifting and 

carrying, as well as evidence of increased mobility relative to females. These results indicative of 

strong divisions of labour in the Kitoi population. Patterns in trait frequencies were also 

examined for indications of how multiple underlying factors may be interacting. Trait 

distribution throughout the body provides evidence of the dominance of biomechanical stress as 

a causative factor in the expression of postcranial non-metric traits. Other factors that become 

visible when the influence of biomechanical stress is lower include genotype, trauma, and 

cartilage degeneration. The results of this project are consistent with current theories on the 

adaptive regimes of the Kitoi and ISG populations and strongly support previous work by BAP 

researchers in the areas of skeletal robusticity, osteoarthritis, and musculoskeletal stress markers. 

The research also helps to broaden the knowledge base about the etiologies of the non-metric 

traits involved. 
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Chapter 1  

Context and Objectives 

 

1.1 Introductory Remarks 

 

 The Baikal region of central Siberia (Russian Federation) is a rich and varied habitat that 

has been exploited by human populations for the last 20,000 years (Weber 1995). This long-

standing human presence in the region has created a rich archaeological record, with a large 

number of habitation and burial sites (Weber 1995). In fact, the Baikal region is the only place in 

northern Asia where Neolithic burials have been discovered (Bazaliiskiy and Savelyev 2003). 

Their presence has provided a very rare opportunity to examine northern hunter-gatherer 

lifestyles from this time period (Weber 1995). It should be noted that the Neolithic in Siberia is 

marked by the introduction of the bow and arrow, ground stone tools, and pottery (Weber and 

Bettinger 2010), not by the shift to agriculture as in Western archaeology (Weber et al. 2002). 

Domesticated animals did not appear in the region until the Iron Age, and domesticated plants 

even later (Weber and Bettinger 2010). The Neolithic lasted from 8000-5200 calibrated years 

BP, while the Bronze Age lasted from 5200-4000 calibrated years BP (Weber et al. 2010a; all 

subsequent ages are given in calibrated years BP). The Bronze Age in Siberia is marked by the 

introduction of copper and bronze objects (Weber and Bettinger 2010).  

 This research looks at two populations of Neolithic Siberian hunter-gatherers: the Kitoi, 

dating to the Early Neolithic (8000-7000/6800 BP) (Weber and Bettinger 2010), and the 

Isakovo/Serovo/Glazkovo (ISG) cultural complex, dating to the Late Neolithic (Isakavo/Serovo: 

6000/5800-5200 BP) and Early Bronze Age (Glazkovo: 5200/5000-4000 BP) (Weber and 

Bettinger 2010). A major cultural discontinuity is thought to have occurred in the Middle 

Neolithic (7000/6800-6000/5800 BP), with a complete lack of formal cemeteries, lower social 

complexity, and higher mobility (Weber et al. 2010a). Current and previous research suggests 

that the Early Neolithic Kitoi were bioculturally distinct from the Late Neolithic-Bronze Age 

ISG cultural complex (Lieverse et al. 2007a, 2009; Mooder et al. 2010).  
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 The project involves univariate statistical analyses of non-metric postcranial skeletal 

variation two Kitoi cemeteries, Shamanka II and Lokomotiv, and one ISG cemetery, Ust‟Ida I. 

Its overall goal is to contribute phenotypic evidence to the existing body of knowledge that 

suggests that the Kitoi and ISG are distinct populations. The first major objective is to look for 

evidence of differing activity patterns and divisions of labor between and within the Kitoi and 

ISG populations, as well as between and within the two Kitoi cemeteries of Shamanka II and 

Lokomotiv. However, because of the difficulty in determining the proportion of trait expression 

that is due to genetic, environmental, and developmental factors, particularly in the postcranial 

skeleton (Pietrusewsky and Douglas 2002), another significant focus is to look for patterns in 

trait frequencies that may indicate how these factors are interacting.  

 Chapter One of this thesis will provide archaeological and geographical context for the 

project and for the Baikal region of Siberia. Non-metric traits will also be introduced and 

research objectives will be delineated. The details of data collection and statistical methods will 

be outlined in Chapter Two. Chapter Three will summarize the results of within- and between-

group univariate analyses on non-metric trait incidences. Chapter Four will discuss overall 

population and cemetery differences, as well as the most common, rare, and absent traits in all 

samples. In Chapter Five, side, sex, and age differences in trait expression within- and between-

samples will be discussed. Important findings of the project will be reviewed in Chapter Six and 

their relevance to the project‟s objectives will be summarized.  

 

1.2 Geographic Context 

 

 Lake Baikal, in south central Siberia (Fig 1.1), is the world‟s deepest lake, reaching depths 

of up to 1637 meters in places and covering an area of 31,500 square kilometers (Kozhov 

1963:5, Martin 1994).  It is also a very ancient lake, dating back 25 to 30 million years (Martin 

1994). The Lake Baikal region is divided into two zones: the Trans-Baikal to the southeast of the 

lake and the Cis-Baikal to the northwest (Weber et al. 2002). The Cis-Baikal region (Fig 1.2), 

located at 52º to 58ºN latitude and 101º to 110º E longitude, includes not just the coastline of the 

lake itself and Ol‟khon Island, but also the Angara River from its source at Lake Baikal to 

Bratsk, the upper Lena River valley to Kirensk, and the lower Selenga River valley to the east of 

the lake (Michael 1958:5). 
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Fig. 1.1 Map of Siberia showing the location of Lake Baikal. Permission to use from Andrzej 

Weber. 

 

 The Cis-Baikal region displays a large amount of variation with respect to topography, 

vegetation, terrestrial and aquatic resources, temperature, and precipitation (Weber and Bettinger 

2010). The region includes several mountain ranges, with Lake Baikal bordered to the northwest 

by the Baikal Mountain Range (up to 2673 m elevation), to the southwest by the Primorsky 

Range (1100-1700 m elevation) (Kozhov 1963:10) and to the south by the Eastern Sayan (up to 

3491 m elevation) Range (Kozhov 1963:5). The remainder of the Cis-Baikal, to the north and 

west of these mountains, is made up of the Central Siberian Plateau (Kozhov 1950, 1972).  

 The lower Angara and Lena River basins are made up largely of taiga (boreal) forests 

(Weber and Bettinger 2010) consisting of birch, aspen, alder, and honeysuckle (Kozhov 

1963:18). In contrast, the upper river basins display primarily open steppe vegetation (Weber and 

Bettinger 2010). The Cis-Baikal region supports a vast array of animal species, both terrestrial 

and aquatic, whose remains are represented archaeologically. The distribution of terrestrial  
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Fig. 1.2 Map of the Cis-Baikal region, including important cemeteries. Permission to use from 

Andrzej Weber. 
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mammals varies substantially depending on the vegetation, with red deer (Cervus elaphus) and 

roe deer (Capreolus capreolus) preferring the areas of open vegetation, and moose (Alces alces) 

and musk deer (Moschus moschiferus) preferring the areas of denser forest (Weber and Bettinger 

2010). These species are all present in the mountainous areas along the northwest coast of Lake 

Baikal (Weber and Bettinger 2010). Aquatic resources also vary by quantity and species 

throughout the region, with pike (Esox lucius), perch (Perca fluviatilis), and dace (Leuciscus 

leuciscus) typical of shallow coves, whitefish (Coregonus laveretus) and grayling (Thymallus 

arcticus) typical of the open coast, and omul‟ (Coregouns autumnalis) typical of the pelagic zone 

(Weber and Bettinger 2010). Availability of these various aquatic species varies with seasonal 

spawning migrations (Weber and Bettinger 2010). The Baikal seal (Phoca sibirica) is an 

important aquatic resource as well (Kozhov 1972, Shvetsov et al. 1984). Of all the aquatic 

animal species living in the lake, 82% cannot be found anywhere else on earth (Kozhov 1963:2).  

 The climate in the region varies with the topography, however it is generally marked by 

long, cold winters and short, hot summers (Kozhov 1963:15). Summer temperatures in some 

areas may reach 30ºC, while winter temperatures may drop to -50ºC in the Eastern Sayan 

mountains (Kozhov 1963:15). Around Lake Baikal, temperatures in the summer are generally 

10-15ºC cooler than on the Angara River and 10-15ºC warmer during the winter (Kozhov 

1963:15). Average precipitation for the region is approximately 300-400 mm, ranging from as 

much as 960 mm in the Baikal Mountain Range to as little as 160-170 mm on Ol‟khon Island 

(Kozhov 1963:17).   

 

1.3 Archaeological Context and Current Research 

 

 Originally, the middle Holocene culture history model for the Cis-Baikal region of Siberia 

was one developed by A.P. Okladnikov in the 1930s. He suggested four discrete cultural stages 

in immediate succession: Isakovo, Serovo, Kitoi, then Glazkovo (Okladnikov 1950,1955,1964). 

These cultures differed from each other in many aspects, including mortuary practices and 

technology (Okladnikov 1964; Weber 1995), with the sequence devised mainly from differences 

in artifact types (Okladnikov 1964; Weber 1995; Link 1996). Though other cultural sequences 

contradicting his were proposed, based mainly on cranial metrics, stratigraphy and pottery styles, 

Okladnikov‟s model remained the most accepted and most comprehensive until the 1980s 
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(Weber 1995, Weber et al. 2002). 

 It was at this time that radiocarbon dates for many Cis-Baikal burials were being published, 

most reliably by Mamonova and Sulerzhitskii (1986, 1989). Calibrated dates were published by 

Weber (1995). This radiocarbon dating refuted Okladnikov‟s original sequence of cultural  

stages. Instead it proposed a new cultural sequence, with the Kitoi dating to the Early Neolithic 

(8000-7000/6800 BP), the Isakovo and Serovo dating to the Late Neolithic (6000/5800-5200 

BP), and the Glazkovo dating to the Bronze Age (5200/5000-4000 BP) (Weber and Bettinger 

2010). The Late Neolithic and Bronze Age groups exhibit substantial overlap in radiocarbon 

dates (Weber et al. 2010b) and show evidence of cultural continuity and regional similarities in 

mortuary practices (Weber and Bettinger 2010). Thus, the Isakovo, Serovo, and Glazkovo 

cultures are often viewed as the Isakovo-Serovo-Glazkovo (ISG) cultural complex. 

 Radiocarbon evidence also revealed that, during the roughly one thousand years separating 

the Kitoi from the ISG, there were markedly few burials, reflected archaeologically by a lack of 

formal cemeteries from this time (Weber et al. 2002). The use of a formal cemetery, or area used 

repeatedly over time by a group for the burial of its dead, suggests a certain population density 

and degree of socio-economic complexity (Weber and Bettinger 2010). Middle Neolithic groups 

in the Cis-Baikal region likely were smaller, more dispersed, more mobile, less socio-

economically complex, and thus much less archaeologically visible (Weber and Bettinger 2010).  

 This discontinuity in the Middle Neolithic, from about 7000/6800-6000/5800 BP, in 

addition to the differences in mortuary protocol, tool technology, and pottery seen between the 

Kitoi and ISG, led to the formation of a revised model of culture history for the region. The 

revised model suggested a major biocultural transition in the seventh millennium BP. This new 

model has formed the basis for the multidisciplinary research project conducted by the Baikal 

Archaeology Project (BAP; http://baikal.arts.ualberta.ca/), of which this research is a part. The 

BAP has sought to better understand the Early Neolithic and Late Neolithic-Bronze Age 

populations and how they differed bioculturally and structurally, in areas like diet, subsistence, 

mobility and activity, mortuary protocol, demographic strucure, and social and political relations 

(Weber et al. 2010a).  

 To date, BAP researchers have produced a great deal of information concerning the 

biological relatedness, subsistence and diet, mobility patterns, and population structure of the 

Kitoi and ISG, as well as about environmental changes that provide a possible framework for 

http://baikal.arts.ualberta.ca/
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interpreting population migration into and out of the region during the Middle Neolithic. Work 

by Mooder and colleagues (2006, 2010) on mitochondrial DNA (mtDNA) established the 

differential genetic composition of the Early Neolithic and Late Neolithic-Bronze Age 

populations. This implies that the populations on either side of the Middle Neolithic did not share 

a common matrilineal origin (Mooder et al. 2006), so it is likely that the Middle Neolithic saw a 

new population move into the region from outside the Lake Baikal area. Mooder and colleagues 

(2010) suggested that the Early Neolithic Kitoi may date back as far as the Paleolithic, while the 

Late Neolithic-Bronze Age Isakovo, Serovo, and Glazkovo have genetic similarities to the most 

contemporary native Siberian groups. Analyses of mtDNA also confirmed the biological 

relatedness of individuals interred at the Shamanka II and Lokomotiv cemeteries (Mooder et al. 

2010).  

 Work by Katzenberg and Weber (1999) and Katzenberg and colleagues (2010) on stable 

isotope data also indicated some differences between the Early Neolithic and Late Neolithic-

Bronze Age diets in the Cis-Baikal. Both populations exhibited evidence of the exploitation of a 

broad range of food resources, including terrestrial herbivores, seals, and fish (Katzenberg et al. 

2010). This likely reflects dietary flexibility essential to survival in the harsh Siberian 

environment. However, results did suggest that the diet of Early Neolithic people at Shamanka II 

included a greater emphasis on certain types of fish than did the diet of Bronze Age populations. 

Lokomotiv stable isotope ratios were similar to those at Shamanka II, indicative of an increased 

reliance on freshwater aquatic resources in the Kitoi relative to the ISG (Katzenberg and Weber 

1999; Weber et al. 2002; Katzenberg et al. 2010). This data is supported by mortuary data, as 

Kitoi burials typically featured large numbers of composite fishhooks, while such fishing gear 

was scarce in Late Neolithic-Bronze Age burials (Weber and Bettinger 2010).  

 Given a subsistence strategy primarily involving the acquisition of aquatic resources, the 

health and behaviour of the Kitoi population may have been more susceptible to the adverse 

effects of fluctuations in these resources (White and Bush 2010). This may be reflected in 

osteoarthritic distribution, rates of enamel hypoplasia, and paleopathology within and between 

the Early Neolithic and Late Neolithic-Bronze Age populations. Lieverse and colleagues (2007a) 

and Lieverse (2010) noted more knee and vertebral osteoarthritis in Early Neolithic Kitoi males 

relative to Early Neolithic Kitoi females and Late Neolithic-Bronze Age ISG males and females. 

The distribution of this osteoarthritis is consistent with activities such as squatting, kneeling, 
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walking over steep terrain, and carrying heavy loads on the back (Lieverse 2010). The 

differential pattern seen in osteoarthritic distribution by sex suggests a greater division of labour 

between the sexes in the Kitoi than the ISG, and it may reflect frequent, physically demanding 

forays by Kitoi males in search of terrestrial resources. Lieverse and colleagues (2009) reached 

similar conclusions using musculoskeletal stress markers. It was suggested that Early Neolithic 

Kitoi males more intensively utilized their upper arms than contemporaneous females and all 

Isakovo, Serovo, and Glazkovo individuals. Further, Stock (2010) suggested that there was 

greater mechanical loading of Kitoi humeri and femora relative to the ISG, as evidenced by 

increased skeletal robusticity in the former population. These distinct changes in osteoarthritis, 

musculoskeletal stress markers, and skeletal robusticity may be a reflection of high individual 

mobility and also, in the case of the upper limb, perhaps increased watercraft usage, in the Early 

Neolithic Kitoi, particularly males, relative to contemporaneous females and Late Neolithic-

Bronze Age ISG. 

 Despite these apparent differences in mobility patterns and subsistence strategies, there 

were also many similarities between the Early Neolithic and Late Neolithic-Bronze Age 

populations. Though rates of enamel hypoplasia were suggestive of a greater number of 

physiological stressful periods in the Early Neolithic relative to Late Neolithic-Bronze Age 

(Lieverse 2010), a large body of evidence is indicative of overall constant activity levels, low 

overall stress, good community health, and comparable rates of injury and illness from the Early 

Neolithic through to the Bronze Age (Lieverse et al. 2007b; Lieverse 2010).  

 Considerable attention has also been paid to the environmental context that may have 

brought about these biocultural changes. White and Bush (2010) examined climate and 

environmental change in the Holocene, noting that the Middle Neolithic was a time of significant 

transition from warm and wet to warm and dry conditions. Though it is impossible to assess 

whether this environmental change came before or after the Middle Neolithic biocultural 

discontinuity (Weber and Bettinger 2010), the climatic variability likely had a major effect on 

many factors affecting the distribution, accessibility, and abundance of both terrestrial and 

aquatic resources. As aquatic resources would have been particularly vulnerable to 

environmental disruptions, it is possible that changes in abundance and dispersal of fish may 

have necessitated a shift in adaptive strategy towards decreased sedentism and higher mobility, 

or towards an increased reliance on terrestrial resources (White and Bush 2010). This climatic 
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and environmental change may also have necessitated or allowed for new population 

displacement into the Cis-Baikal region from outside of the Baikal area during the Middle 

Neolithic transition, though the reasons surrounding the Isakovo, Serovo, and Glazkovo cultures 

movement into the region are unclear (White and Bush 2010).  

 

1.4 Non-Metric Traits 

 

 This research focuses on postcranial non-metric skeletal variation among the Kitoi and 

ISG populations, a topic that was yet to be investigated by BAP researchers and that provided a 

novel method of adding specific phenotypic evidence to areas already under investigation. Non-

metric traits, also known as discontinuous traits, epigenetic variants, and discrete traits, are minor 

variations in skeletal anatomy that are typically expressed as discrete categories ranging from 

absence to full expression (Larsen 1997:305). Unlike metric traits, they cannot be linearly 

measured (Berry 1968), though some non-metric traits do not fall perfectly into discrete 

categories (Spence 1994). Some traits are scored as varying degrees of expression, such as 

degrees of bridging or variations in facet shape (Spence 1994; Schwartz 1995).  

 Critical to the early understanding of trait formation and categorization was Ossenberg‟s 

(1969) classification of cranial non-metric traits into five categories based on degree of bone 

formation, relationships with surrounding soft tissue, and regional factors (Saunders 1989). Two 

of Ossenberg‟s (1969) categories based on degree of bone formation are particularly relevant to 

postcranial traits and are used in this research: hyper- and hypostotic traits. Hyperostotic traits 

are characterized by excessive bone formation into or in response to soft tissue (Schwartz 1995), 

while hypostotic traits are characterized by incomplete development or arrested ossification 

within a bone or between bones (Ossenberg 1969; Schwartz 1995).  

 Analysis of non-metric skeletal traits was chosen over metric analysis due to several 

advantages that make the former ideal for the present research. Firstly, non-metric traits can be 

scored on fragmentary and incomplete bones (Buikstra 1976; Saunders 1978; Rhine 1990; 

Spence 1994; Hallgrimson et al. 2004). This is particularly important for archaeological samples, 

for instance the poorly preserved ISG remains, as it allows sample size to be maximized. 

Secondly, non-metric traits are also scored easily and quickly (Berry 1968; Saunders 1978; 
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Rhine 1990; Spence 1994) with no or minimal equipment (Rhine 1990; Ansorge 2001), 

characteristics that enhance convenience and maximize time. 

 Historically, metric traits– or those recorded as measurements such as length, breadth, 

and circumference (Larsen 1997:305)– have been favoured over non-metric ones in population 

studies (e.g., Relethford and Lees 1982; Pietrusewsky 1990, 2005; Sciulli 1990; Relethford 1994, 

2001, 2002; Relethford and Harpending 1994; King 1997; Hemphill 1998; Jantz and Owsley 

2001; Stefan and Chapman 2003). When non-metric traits are used, it is typically in an attempt to 

determine biological relatedness in past populations. In these cases, when the assessment of 

biological distance is the goal, it is much more common to utilize cranial non-metric variation 

(e.g., Finnegan 1972; Ossenberg 1976; Finnegan and Cooprider 1978; Kaul et al. 1979; Molto 

1983; Pietrusewsky 1994; Brasili 1999; Hanihara and Ishira 2001; Hanihara et al. 2003; Green 

and Suchey 2005). This may be for several reasons: cranial remains are often more common 

and/or better preserved, and, being more highly canalized, are less heavily influenced by 

environmental factors (Pietrusewsky and Douglas 2002). Because of this interest in the 

determination of biological distance, for which postcranial morphology is not well-suited, far 

fewer studies have utilized postcranial non-metric traits (Donlon 2000), resulting in a paucity of 

information about their formation and factors affecting it.   

 

   1.4.1 Non-Metric Traits as Evidence of Underlying Genotype 

 Non-metric traits have been observed and studied since the 1800s. Many early works 

focused heavily on description (e.g., Macalister 1869, 1893; Le Double 1903, 1906, 1912; 

Hrdlicka 1916, 1923, 1932, 1937; Meyer 1924). Many of these focused on traits that were 

considered atavisms or regressions to primitive features, for instance, atlas occipitalization 

(Smith 1908) and the supracondyloid process of the humerus (Knox 1841; Struthers 1863, 1873; 

Terry 1921, 1923). Another focus of early work was the use of skeletal variability for racial 

classification. Chambellan (1883) was one of the first scholars to compare the skulls of different 

groups. Similarly, Turner (1887) compared variability in different skeletal elements among 

populations and proposed that the osseous skeleton could be used to differentiate races. Wood-

Jones (1930-1931) was one of the first to suggest that non-metric traits in particular could be 

useful for this purpose. Though the concept of skeletal variation as a result of a transmitted 

tendency was proposed as early as Lane (1887b), it was not until the 1950s that animal studies 
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(e.g., Grüneberg 1952, 1963; Searle 1954; Self and Leamy 1978) and human studies (e.g., Berry 

1975; Saunders 1978, 1989; Winder 1981), especially on families and twins (Torgersen 1951, 

Selby et al. 1955; Saunders et al. 1976; Saunders and Popovich 1978; Pietrusewsky and Douglas 

1992) began to truly provide insight into the genetic basis of non-metric traits.  

 Grüneberg‟s (1952, 1963) work on morphological variation in inbred strains of mice led 

to an entirely new understanding of the expression of non-metric traits. He noticed that absence 

of third molars in these strains did not appear to be inherited in the normal Mendelian fashion, 

nor did the trait appear to be due to a single gene. Rather, it appeared that it was in fact an 

underlying continuous variable that was being inherited, the size of the third molar tooth germ, 

of which absence of the tooth altogether was only one manifestation. He suggested that absence 

of third molars was arising on the basis of the underlying continuous developmental variable, 

size of the tooth germ. Grüneberg (1952, 1963) proposed that a threshold was overlain on the 

continuous distribution of this underlying variable; if tooth germ size reached a certain threshold 

by a certain point in development, the third molar would begin to appear.  

 Grüneberg (1952) coined the term „quasi-continuous‟ to describe those traits that, like the 

absence of third molars, are discontinuous characteristics that only arise at the extremes of the 

continuous distribution of another variable as a result of one or more thresholds imposed upon it. 

It is thought that the underlying continuous variable is controlled by the additive effects of 

multiple genes (Grüneberg 1963), while the position of an individual‟s threshold(s) within the 

overall population distribution, or their „liability‟ (Falconer 1965), is determined by both genetic 

and environmental factors. Thus, the expression of a given non-metric trait within a population 

can be seen as the consequence of a genetic propensity to develop a trait as well as the 

environmental factors that affect an individual‟s likelihood to do so (Tyrell 2000). 

 

   1.4.2 Non-Metric Traits as Evidence of Environment 

 It would seem that the expression of all non-metric traits is a result of a complex interplay 

of genotype, environmental, and developmental factors. It may be impossible to determine the 

proportion of non-metric trait expression that is due to each of these factors, and how and when 

they operate. Just as studies with mice were fundamental to the elucidation of the underlying 

genetic control of non-metric characters, so too were they important in linking various 

environmental factors to trait expression. In mice, maternal age, diet, intra-uterine environment, 
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changes in physiology related to age or parity, lactation, and time of year have all been shown to 

affect offspring (Searle 1954; Grüneberg 1963; Berry 1967). Many researchers have 

acknowledged the importance of environmental influence on human trait expression as well 

(e.g., Finnegan and Faust 1974; Trinkaus 1978; Saunders 1978, 1989; Larsen 1997; Tyrell 2000; 

White and Folkens 2005). Human skeletal development is affected by a multitude of 

environmental and developmental factors including maternal metabolism, uterine environment, 

blood supply, efficiency of the placenta, postnatal maternal care, diet, climate, and 

biomechanical stress (Trinkaus 1978, Tyrell 2000).  

 Of particular concern to the study of postcranial non-metric skeletal variation is the effect 

of biomechanical loading, mobility, and activity patterns on skeletal morphology, particularly of 

the appendicular skeleton. This relationship between activity and skeletal modification has long 

been documented. Descriptions of specific physical ills in industrial and commercial workers 

who were subjected to long hours performing repetitive movements or tasks are seen as far back 

as the mid 1700s (Ramazini 1746; Lane 1887a; Ronchese 1945,1948). Traits receiving the 

majority of focus in early works included accessory sacro-iliac articulations (e.g., Derry 1911; 

Trotter 1934, 1937, 1964; Stewart 1938) and those reflecting pressure changes in the lower 

limbs, attributable to the adoption of a squatting posture (e.g., Turner 1887; Lane 1887a, 1887b; 

Charles 1893; Todd and Mccally 1921). By the late 1800s, focus was broadening to include other 

habitual activities as well, both in prehistoric and modern individuals (Turner 1887; Thompson 

1889; Charles 1893). Many characteristic patterns of skeletal change have since been 

documented in both athletes and labourers. These are due to the concentration of chronic and 

repetitive stress in specific areas of the skeleton and have led to terms like tennis elbow and 

weaver‟s bottom (Ronchese 1945, 1948; Merbs 1969; Capasso et al. 1999).  

 The postcranial non-metric traits that are most useful in deducing past behavioural 

patterns are those that most strongly reflect chronic stress, repetitive movements, and/or habitual 

postures (Larsen 1997, Pietrusewsky and Douglas 2002). Typically, these are found in the 

appendicular skeleton, but may be found in the axial skeleton as well. Non-metric traits 

reflecting activity can form due to internal forces within the skeleton, such as prolonged pressure 

and chronic rubbing between bones during hyperflexion or hyperextension of a joint, or by 

external forces acting on it, such as the pressure produced by carrying heavy loads (Wilczak and 

Kennedy 1998). The skeleton responds, according to Wolff‟s Law (Wolff 1892, 1986), by 
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adjusting its size, shape, and internal organization in order to best cope with stress while still 

remaining as strong and light as possible (Pearson and Lieberman 2004).  

 Repetitive activities, habitual postures, and mobility patterns are often reflected in the 

skeleton due to a complex interplay between genetic factors that predispose an individual to 

pathology or morphological change in the presence of the necessary biomechanical forces.  

For these forces to modify skeletal morphology, an activity or movement must be performed 

repetitively over long periods of time, typically beginning at a young age, as the skeleton is 

particularly reactive to force during the growth phase (Molleson 2007a, 2007b). Consequently, 

postcranial non-metric traits showing evidence of particularly strong environmental influences 

on trait expression can help reconstruct population differences in activity patterns and divisions 

of labour, as well as trace changes in these over time (Robb 1994; Pietrusewsky and Douglas 

2002) 

 

1.5 Research Objectives  

 

 The overall goal of this project is to contribute phenotypic evidence to the existing body 

of knowledge that suggests that the Kitoi and ISG are distinct populations. The first major 

objective is to utilize differences in postcranial non-metric skeletal trait frequencies as specific 

evidence of differing activity patterns and divisions of labor between and within the Kitoi and 

ISG populations, as well as between and within the two Kitoi cemeteries of Shamanka II and 

Lokomotiv. It is hypothesized that postcranial non-metric trait frequencies, particularly those of 

the appendicular skeleton, will reflect the high mobility of Kitoi males relative to 

contemporaneous females and to the ISG that is suggested by work on osteoarthritis (Lieverse et 

al. 2007a, 2010), musculoskeletal stress markers (Lieverse et al. 2009), and skeletal robusticity 

(Stock 2010) in these populations.  

 There can be difficulty in determining the proportion of trait expression that is due to 

genetic, environmental, and developmental factors, particularly in the postcranial skeleton 

(Pietrusewsky and Douglas 2002). Thus, another significant focus is to look for patterns in trait 

frequencies that may indicate how these factors are interacting, in which traits genetic factors are 

most visible, in which traits environmental and/or developmental factors are most visible, in 

which traits a mix of several factors is equally visible, and why this might be.   
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Chapter 2 

Data Collection and Statistical Methods 

 

 

2.1 Cemetery Sites 

 

 Altogether, the BAP has documented over one hundred and fifty cemeteries (Weber et al. 

2006). This research documents traits in individuals from three of these cemeteries: Lokomotiv, 

Shamanka II, and Ust‟-Ida 1 (Chapter One, Fig 1.1). Lokomotiv is one of the largest Neolithic 

cemeteries in northern Asia (Bazaliiskii and Savel‟ev 2003), with 140 burials in 81 graves being 

retrieved (Bazaliiskii 2010). Sixty-nine individuals of appropriate age were available for this 

research. The cemetery was used from 5800-5300 BC (Weber et al. 2002) by the Early Neolithic 

Kitoi population. It covers an area of approximately 50,000 m
2
 at the convergence of the Angara 

and Irkut Rivers, in what is modern day central Irkutsk, approximately 70 km downstream of 

Lake Baikal (Weber et al. 2006; Bazaliiskii 2010).  

 Lokomotiv was discovered in 1897 during the construction of the Trans-Siberian Railway 

(Ovchinnikov 1904:67-71). The cemetery has been excavated multiple times in the years since, 

first in 1927 and again between 1946 and 1959 (Bazaliiskii 2010). The most recent excavations, 

from 1980-1997, directed by Bazaliiskii and Savel‟ev (2003), were the largest and most 

systematic. To date, approximately 124 individuals have been excavated (Mooder et al. 2010). 

Archaeologists at the Department of Archaeology and Ethnography of Irkutsk State University 

curated the skeletal remains. Radiocarbon dates suggest that the cemetery was used from 8000-

7000/6800 BP (Weber et al. 2006). Individuals from both sexes and most age groups are 

represented, so the remains of those interred at Lokomotiv likely provide a fairly accurate 

depiction of the Kitoi population at the time (Weber et al. 2002). However, in the Lokomotiv 

sample available for this research, there were a disproportionate number of females relative to 

the other Kitoi cemetery documented (Shamanka II). This may have affected results in the 

instance of at least one trait that is generally much more common in females.  
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 The rest of the Kitoi individuals documented come from another Early Neolithic Kitoi 

cemetery: Shamanka II. It is located on the most southwestern tip of Lake Baikal, on a slope 27 

m above the lake (Bazaliiskii 2010). It was first discovered in 1962, when erosion revealed 

several graves, and three were excavated in 1962 and 1965 (Bazaliiskii 2010). Major excavations 

were not carried out until 1998 and 1999, when Turkin and Kharanskii  (2004) of Irkutsk State 

Technical University excavated six more graves (Bazaliiskii 2010). From 2002 to 2008, large-

scale excavations were undertaken, led by V.I. Bazaliiskii of Irkutsk State University and BAP 

(Weber et al. 2006). A total of 154 Early Neolithic individuals (Lieverse 2011, pers. comm.), and 

11 individuals Bronze Age Glazkovo individuals (Lieverse 2011, pers. comm.) were recovered 

from Shamanka II. None of these Glazkovo individuals were included in Shamanka II analyses; 

90 individuals of appropriate age were available for analysis. Most recent radiocarbon dates 

place this cemetery in the same period as Lokomotiv (Weber et al. 2006).  

 All Isakovo, Serovo, and Glazkovo (ISG) individuals scored were originally excavated 

from Ust‟-Ida I cemetery, located on the east bank of the Angara River, approximately 180 km 

north of Lake Baikal (Weber et al. 2006) and approximately 100 km downstream from 

Lokomotiv. Excavations were initiated in 1986, when flooding caused the erosion of 11 graves 

(Mooder et al. 2010). In total, 71 individuals have now been excavated from this cemetery, with 

31 individuals of appropriate age being utilized for this research. Radiocarbon dating has placed 

the use of Ust‟Ida I to between 5800 and 4000 years BP (Mooder et al. 2010). As at Lokomotiv, 

both sexes and most ages are represented in the cemetery population, so it is likely that those 

interred at Ust‟-Ida are reasonably representative of the ISG population at the time (Weber et al. 

2002). However, some curation issues arose with regards to the skeletal remains after excavation, 

leading to the misplacing of elements and individuals, as well as considerable commingling 

(Lieverse et al. 2007a). Given that incomplete preservation still remained, the number of usable 

individuals was small and the data collection was somewhat restricted. Thus, care had to be 

taken when making interpretations based on this skeletal sample. 

 

2.2 Sex Assessment and Age Estimation of the Skeletal Remains 

 

 The skeletal remains were analyzed according to the recommendations of Buikstra and 

Ubelaker (1994). The most recent adjustments to sex and age estimates for Lokomotiv and Ust‟-
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Ida I individuals were performed by A.R Lieverse. For Shamanka II, these were performed by 

A.R Lieverse and C.M. Haverkort in 2000-2002, K. Faccia in 2004-2006, H. Vahdatinasab in 

2007, and A. Antonova in 2008, and A.R. Lieverse in 2010.  

 Adult age estimates were obtained primarily from the pubic symphysis, and secondarily 

from both the iliac auricular surface and cranial suture closure, with the latter being used only 

when pelvic elements were missing or badly preserved (Lieverse 2005). Age categories were as 

specific as possible, but in the instances in which age could not be determined more specifically 

than “adult,” individuals were placed in the category 20+ (“mature”; Lieverse et al. 2007a). In 

this study, postcranial non-metric skeletal variation was documented in individuals over the age 

of 15 in order to avoid confusion with respect to the subadult expression of certain traits. For the 

purpose of this research, all individuals over the age of 15 were assigned to one of four age 

classes: 15-20 years, 20-35 years, 35-50 years and 50+ years. Due to the often small samples 

sizes of the 15-20 and 50+ year age groups, all individuals were also classified into an under 35 

years (<35) and an over 35 years (>35) age group and age analyses were run in both 

classification systems in order to gain as much information as possible. In some cases, an 

individual‟s original age did not fit in only one age category. In such cases, the individual was 

placed in the higher of the two age categories, as this yielded approximately the same number of 

individuals above and below 35 years. Individuals scored only as 20+ were excluded from age 

analyses, but were included in all other analyses.  

 Adult sex determination relied primarily on the pelvic bones, with the greater sciatic 

notch, ventral arc, subpubic concavity, ischiopubic ramus, and preauricular sulcus all being used 

(Lieverse 2005). Cranial features were utilized secondarily. If none of the preceding indicators 

were available, postcranial measurements were used. In some instances, where preservation was 

poor or the proper elements were missing, sex could not be determined with certainty or at all. In 

this study, individuals of indeterminate sex were excluded from sex analyses, but were included 

in all other analyses. In addition, probable males and females were included with individuals of 

known sex in all analyses of sex differences.  
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2.3 Trait Selection, Documentation, and Problems 

 

 Prior to research being conducted, ethics approval was obtained from the Biomedical 

Research Ethics Board (Bio-REB) of the University of Saskatchewan (Bio #09-57). An extensive 

list of postcranial non-metric traits was compiled from a large number of sources (e.g., Singh 

1959; Kostick 1963; Finnegan and Faust 1974; Saunders 1978, 1989; Finnegan 1978; Kennedy 

1989; Schwartz 1995; Pietrusewsky and Douglas 2002). This list was then narrowed down to 65 

traits in the following manner (see Appendix B for descriptions of all traits not observed and 

Appendix C for descriptions of all traits observed with photos). First, only traits recorded as 

either 1) simple presence/absence or 2) one of three discrete states (continuous, hourglass, 

discrete) were documented. Second, to avoid redundancy, traits were not documented if they had 

been previously recorded as musculoskeletal stress markers. Third, to reduce observer error, 

traits were not documented if their definitions were imprecise or unclear.  

 These 65 traits were then documented in the postcranial skeletons of 190 individuals over 

the age of fifteen. There were 159 Kitoi (90 from Shamanka II and 69 from Lokomotiv) and 31 

ISG individuals of appropriate age available for examination from the pre-excavated collections 

housed at Irkutsk State University, in Irkustk, Siberia (Table 2.1).  

 

Table 2.1. Complete list of all individuals scored for postcranial non-metric trait expression  

 
          Shamanka II (Kitoi)              Lokomotiv (Kitoi)                 Ust-Ida I (ISG)   

  Burial #      Sex      Age          Burial #     Sex       Age           Burial #     Sex       Age 

 
    5-1  M 19-22       1-1-1 M 35-50       1-1  F 20+ 

    7-1  PF 20-30       2-1-1 * 20-25       6-1-1 M 35-50 

    8-1  M 35-40       2-2  * 35-39       7-1-1 M 20+ 

    9-1   PM 17-18       2-3-1 F 25-35       11-1-1 F 35-50 

   10-1  M 25-35       2-4-1 * 25-35       12-1-1 M 35-50 

   11-1  F 18-20       4-1-1 F 35-50       14-1-1 M 18-20 

   11-2   M 30-40       6-1-1 M 20+       16-1-1 M 25-35 

   12-1  * 20-35       7-1-1 F 40-45       16-2-1 M 25-35 

   13-1  PF 25-35       8-1-1 M 40-45       19-1-1 M 30-35 

   13-2  M 35-50      10-1-1 M 20-25       20-1-1 M 18-24 

   13-3  PF 18-19      10-2-1 M 20-25       20-2-1 F 30-40 

   14-1  M 25-30      10-3-1 M 25-30       22-1-1 F 15-20 

   14-2   F 20-25      10-4 M 30-35       24-1-1 F 14-18 

   15-1  M 25-35      11-1-1 M 50+       29-1-1 M 50+ 

   16-1  * 20-25      12-1-1 F 18-22       30-1-1 F 50+ 
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        Shamanka II (Kitoi)              Lokomotiv (Kitoi)                 Ust-Ida I (ISG)   

  Burial #      Sex      Age          Burial #     Sex       Age           Burial #     Sex       Age 

 
   17-1  M 30-40      13-1-1 M 25-30       36-1-2 F 40-50 

   17-2  M 20-22      14-1-4 F 25-30       38-1-1 M 35-45 

   18-1  M 20-29      14-4-4 F 19-22       39-1-1 F 25-35 

   19-1  M 25-30      15-1-1 M 20-35       40-1-1 F 25-30 

   21-1  M 25-30      16-1-1 M 45-55       41-1-1 M 35-50 

   21-2  M 25-30      17-1-1 F 45-55       42-1-1 F 50+ 

   21-3  * 16-18      18-1-1 F 50+       43-1-1 M 19-25 

   22-1   M 19-22      19-1-1 M 50+       45-1-1 M 22-30 

   23-1 (23-BЯ) PM 35-45      20-1-1 F 20-29       47-1-1 M 30-40 

   23-2  PF 20+      20-2-1 M 35-50       48-1-1 M 50+ 

   23-3  * 20+      21-1-1 F 50+       49-1-1 PF 20+ 

   23-4  * 20+      23-1-1 M 20-25       51-1-1 M 20+ 

   23-5  * 20+      24-2-1 M 40-45       52-1-1 F 60+ 

   24-1  M 25-35      24-5-2 M 45-50       54-1-1 M 50+ 

   25-1  F 20-22      24-6-2 F 25-35       55-2-1 M 15-18 

   25-2  * 17-21      25-1-1 F 35-40       56-1 M 35-50 

   25-3  PF 20+      25-2 F 20-22 

   26-1  PF 20+      25-3 F 25-35 

   26-2  PM 20+      25-4-1 F 35-45 

   26-5  * 14-18      25-5-1 M 35-50 

   27-1  M 35-50      26-1-1 M 20+ 

   27-2  M 25-30      27-1-1 M 15-18 

   29-1  M 20-30      28-1-1 F 35-40 

   30-1  M 35-50      29-1-1 PF 30-40 

   32-1  M 35-45      30-1-1 M 35-40 

   33-1  M 35-45      30-2-1 M 35-40 

   34-1  M 35-45      31-1-1 * 35-50 

   39-1  M 40-44      31-2-1 M 25-30 

   41-1  M 30-39      33-1-1 M 35-45 

   42-1  F 40-45      34-1-1 F 35-45 

   42-2  F 50+      35-1-1 * 20+ 

   43-1  PF 35+      36-1-1 F 20-25 

   44-1  PM 50+      37-1-1 F 25-29 

   44-2  * 20+      38-1-1 PF 50+ 

   45-1   M 25-35      38-2-1 F 35-45 

   46-1  M 25-29      39-1-1 F 20-25 

   47-1  F 20-25      41-1-1 F 15-20 

   48-1  M 50+      41-3-1 * 20+ 

   49-1  PM 17-20      42-1-1 M 40-50 

   50-1  M 25-35      43-2-1 F 20-29 

   50-2  M 25-29      44-1-1 M 35-39 
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        Shamanka II (Kitoi)              Lokomotiv (Kitoi)                 Ust-Ida I (ISG)   

  Burial #      Sex      Age          Burial #     Sex       Age           Burial #     Sex       Age 

 
   50-3  M 30-40      44-2-1 M 30-39 

   51-1  M 20-25      R1-1-1 M 30-34 

   52-1  PM  20-25      R3-1-1 M 30-45 

   52-2  M 25-29      R6-1-1 M 35-39 

   53-1  M 20-25      R6-2-1 M 35-39 

   53-2  M 50+      R7-1-1 M 50+ 

   54-1  F 17-21      R7-2-1 F 15-20 

   55-1  M 35-39      R8-1 * 20+ 

   58-1  M 35-45      R11-1 F 20-25 

   59-1  M 35-39      R13-3 F 25-35 

   59-2  PF 15-18      R13-4 F 20-25 

   60-1  M 50+      R14-1 M 30-39 

   60-2  F 40-45      R15-1 F 20-35 

   61-1  F 25-29      R15-2 F 35-40 

   61-2  M 35-45 

   62-1  PF 35-45 

   62-2  M 35-45 

   62-3  PF 20+ 

   62-4  PM  20+ 

   62-5  M 45-60 

   63-1  M 25-29 

   63-2  M 25-35 

   64-1   M 30-39 

   65-1  M 50+ 

   66-1  F 30-35 

   68-1  M 45-50 

   69-1  F 25-30 

   69-2  F 20-25 

   70-1  M 40-50 

   71-1  M 35-45 

   73-1  F 16-18 

   74-1  M 18-20 

   75-1  M 25-29 

   76-1  M 40-50 

   77-1  F 30-39 

   79-1  * 20+ 

 
   Adapted from Lieverse (2005, 2010 pers.comm); * indicates missing data/undetermined sex;  

   M=Male; PM=Probable Male; F=Female; PF=Probable Female; age is in years at death; bold  

   indicates individuals from Glazkovo culture rather than Kitoi that were not included in  

   analyses 
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 Vertebral traits were scored separately for each section of the spine (atlas, axis, C3-C7, 

thoracic, lumbar) as well as more specifically if possible (e.g., L3). Trait presence was scored if 

at least one vertebra from that section of the spine expressed the trait. Trait absence was only 

scored for a given vertebral section if at least 50% of the vertebrae from that section were 

observable (C3-C7: 3 or more; thoracic: 6 or more; lumbar: 3 or more). Trait #29 (spondylolysis) 

was scored for the spinal column as a whole; thus a scoring of trait absence required that 12 or 

more vertebrae be observable. For trait #9, atlas facet form, a discrete facet was scored if there 

were two completely separate facets or if the facet had a midline crease. In the scoring of atlas 

bridging traits, bridges could occur on one or both sides of the atlas. Individuals were scored as 

present if at least one bridge was seen, while individuals were scored as absent only if both sites 

of atlas bridging were observable but absent. In instances in which the trait was absent in one site 

but unobservable in the other, individuals were considered not observable for that trait. 

 Fifteen traits were removed from subsequent statistical analyses (Table 2.2). Eleven of 

these traits were removed because they were absent completely from all individuals in whom 

they were observable: sternal aperture, supraclavicular foramen, supracondyloid process, spina 

bifida- cervical, spina bifida- thoracic, spina bifida- lumbar, bifid anterior arch of the atlas, axis 

transverse foramina open, bipartite patella, Schmorl‟s nodes- cervical, and laminar spurring- 

cervical. One trait was removed due to presence in all observable individuals: forward 

prolongation of the talus. One trait was removed because it was present in only one individual 

documented: os acromiale. These traits would not provide any useful information concerning 

population differences. Additionally, two traits, Martin‟s facet and Charles‟ facet, were removed 

as the definitions proved to be too unclear to document with certainty. Of the remaining 50 traits 

(Table 2.3; see Appendix C for descriptions and photos), 31 were scored bilaterally (left=L, 

right=R; including facet form on the atlas) and 19 were scored as midline traits. Additionally, 

three states of facet shape (continuous=C, discrete=D, hourglass=H) were scored separately.  

 One of the biggest issues encountered with this project was the inconsistency with which 

traits were defined, described, and scored in the literature. Subjectivity increases when there is a 

lack of clarity with respect to the definition of a trait (Saunders 1978), so these inconsistencies 

can lead to high inter- and intraobserver error rates in the documentation of certain traits, 

particularly in the partial expressions of traits. In addition, frequent use of gradational schemes 
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Table 2.2. List of the 15 postcranial non-metric traits scored but not included in 

 statistical analyses 

 
     Trait           Side or Shape Designation      Element/Element Group 

 
    sternal aperture    -    sternum 

    supraclavicular foramen   L/R    clavicle 

    os acromiale    L/R    scapula 

    supracondyloid process   L/R    humerus 

    cervical spina bifida occulta  -    C1-C7 

    thoracic spina bifida occulta  -    T1-T12 

    lumbar spina bifida occulta   -    L1-L5 

    bifid anterior arch of the atlas  -    L1-L5 

    axis transverse foramina open  -    axis 

    bipartite patella    L/R    patella 

    cervical Schmorl‟s nodes   -    C1-C7 

    cervical laminar spurring   -    C1-C7 

    *Charles‟ facet    L/R    femur 

    *Martin‟s facet    L/R    femur 

    forward prolongation of the talus L/R    talus 

 
    L/R represents sides of the body for bilateral traits: L=left, R=right; bold indicates the trait      

    was present in all observable individuals; * indicates the trait was removed due to problems     

    with definition; underline indicates that the trait was only found in one individual; all  

    remaining traits were absent in all observable individuals 

 

can decrease the reproducibility of results (Saunders 1978; Hallgrimson et al. 2004).  

 Because it was not possible to perform a statistical evaluation of inter- and intraobserver 

error in this study, the following attempts were made to reduce error. Firstly, as discussed earlier, 

traits were chosen that could be scored either as present/absent or as discrete classes of facet 

form, in order to reduce subjectivity. Secondly, definitions of all traits were chosen from the 

literature based on what was most consistently used (see Appendices B and C). These definitions 

were then expressly stated and were utilized in the documentation of traits, in order to increase 

consistency of documentation and reproducibility of results. Lastly, in two instances, traits 

(Martin‟s facet and Charles‟ facet) were removed from statistical analysis due to some confusion 

encountered during their documentation. Where possible, inter- and/or intraobserver error rates 

were given in Appendix C from Saunders (1978); however, these rates are to serve as an estimate 

only and may not accurately reflect error rates in this study. 
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Table 2.3 Final list of all 50 postcranial non-metric traits included in statistical analyses 

 
 #     Trait      Side or Shape  Element/            #     Trait               Side or Shape   Element/ 

 1   suprasternal tubercle     sternum

 2   sternal cleft       sternum 

 3   subclavian facet   L/R        clavicle 

 4   suprascapular notch  L/R        scapula 

 5   suprascapular foramen  L/R        scapula 

 6   circumflex sulcus   L/R        scapula 

 7   septal aperture   L/R        humerus 

 8   posterior atlas bridging      C1 

 9   atlas facet form   C/D/H & L/R    C1 

 10 lateral atlas bridging      C1 

 11 retroarticular bridging      C1 

 12 atlas occipitalization      C1  

 13 atlas transverse foramina open                C1 

 14 ossified apical ligament                 C2 

 15 C3-C7 lateral bridging                 C3-C7 

 16 bipartite transverse foramina                C3-C7

 17 missing transverse process L1         L1  

 18 transitional lumbosacral vertebrae     L5-S1 

 19 preauricular sulcus   L/R   os coxa 

 20 acetabular mark   L/R        os coxa 

 21 third trochanter    L/R   femur 

 22 os trigonum   L/R   talus 

 23 ant./middle calcaneal facets C/D/H & L/R  calcaneus 

 24 bipartite ant. calcaneal facet L/R        calcaneus 

 25 non-osseous tarsal coalition L/R    3
rd

 metatarsal 

                         3
rd

 cuneiform 

       26 trochlear notch form C/D/H & L/R  ulna 

       27 mammillary foramen             lumbar vertebrae 

       28 peroneal tubercle           L/R      calcaneus 

       29 spondylolysis             vertebral column 

       30 sacral spina bifida occulta           sacrum 

       31 acromial facet            L/R      scapula 

       32 Schmorl‟s nodes-thoracic           thoracic vertebrae 

       33 Schmorl‟s nodes-lumbar           lumbar vertebrae 

       34 laminar spurring-thoracic           thoracic vertebrae 

       35 laminar spurring-lumbar           lumbar vertebrae 

       36 accessory sacral/hip facets     L/R     os coxa/sacrum 

       37 Allen‟s fossa             L/R     femur 

       38 Poirier‟s facet             L/R     femur 

       39 posterior acetabular imprint   L/R     femur 

       40 tibial imprint             L/R     femur 

       41 osteochondritic imprint          L/R     femur 

       42 supratrochlear imprint            L/R     femur 

       43 peritrochlear groove            L/R     femur 

       44 tibial squatting facet- medial L/R      tibia  

       45 tibial squatting facet- lateral  L/R      tibia 

       46 medial trochlear extension    L/R      tibia 

       47 lateral trochlear extension     L/R      tibia  

       48 talar squatting facets            L/R      tibia  

       49 vastus facet                        L/R      patella 

       50 vastus notch             L/R      patella

 
  C/D/H represents facet shape: C=continuous, D=discrete, H=hourglass; L/R represents sides of the body for bilateral traits: L=left,      

  R=right
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  Small sample size was another concern with this dataset. Because of this, several 

attempts were made to maximize the number of observations. Trait frequencies were initially 

recorded by side instead of by individual. This was done in order to collect as much data as 

possible from the fragmentary remains and to assess possible side differences in trait expression. 

In addition, incomplete bridges (or spurs) in addition to complete bony bridges were considered 

in the scoring certain traits (e.g., posterior, lateral, and retroarticular atlas bridging, bipartite 

transverse foramina, suprascapular foramen). 

 Another issue was the rarity of some of the traits, either because there was a true lack of 

expression or because poor preservation led to missing or unobservable elements. Those traits 

that were not documented at all (sternal aperture, supraclavicular foramen, supracondyloid 

process, bifid anterior arch of the atlas, spina bifida- cervical, spina bifida- thoracic, spina bifida- 

lumbar, axis transverse foramina open, bipartite patella, Schmorl‟s nodes- cervical, laminar 

spurring- cervical, trochlear spur) or in only one individual (os acromiale) or all individuals 

(forward prolongation) were removed from statistical analyses as stated earlier.  

 

2.4 Statistical Analyses 

 

 Univariate analyses were used to explore side, sex, and age differences in trait expression 

within the population and cemetery samples, between the overall population and cemetery 

samples, and between males, females, and each age group. Trait frequencies were initially 

recorded separately by side (number of sides present/total number of sides observable) in order 

to minimize lost data due to the fragmentary nature of many of the skeletal remains. This initial 

scoring by side also allowed for investigation into possible differences in trait expression by side 

for bilateral traits. For the analyses of side differences, McNemar‟s chi-squared test (McNemar 

1969) with continuity correction, which tests for nonindependent proportions (Russo 2003), was 

used on bilateral traits. This test only includes individuals in whom both sides were observable 

and looks for any side preference for the unilateral occurrence of bilateral traits (Donlon 2000).  

 Analyses into within- and between-group sex and age differences required conversion of 

the data to an individual scoring system (number of individuals present on one or both sides/total 

number of observable individuals) in order to more accurately reflect the probable correlation 

between sides (e.g. Gaherty 1970; Korey 1980; Buikstra 1976; Cybulski 1972; Saunders 1978; 
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Trinkaus 1978; Molto 1983; McGrath et al. 1984; Tyrell 2000; Hallgrimson et al. 2005) and to 

prevent the violation of any statistical assumptions of independence by pooling sides. However, 

this method of scoring can underestimate the true population frequency of a trait when the 

sample is fragmentary (Tyrell 2000) and in such samples, the use of only one side of the body is 

suggested (Saunders 1978). Assuming that sides are at least somewhat genetically correlated, 

then the examination of either side of the body should allow for a true estimate of the population 

frequency of a trait (McGrath et al. 1984).  

 This research used only data from the right side of the body for bilateral traits in all 

within- and between-group sex and age analyses, simply because this side had more observations 

than the left side (n=3438 vs. n=3380). Two traits, subclavian facet and acromial facet, were 

always bilaterally present or absent: in no individual in any sample was either of these traits 

expressed on one side of the body but not the other when both sides were observable. Thus, in 

order to increase sample size for analyses of these two traits, the left side score was substituted 

for the right side score in those individuals in whom the right side was not observable or missing. 

For analyses of overall differences between the Kitoi and ISG populations and the Shamanka II 

and Lokomotiv cemetery samples, all individuals were pooled (males, females, indeterminate 

sex, and all age groups including 20+ years), but left and right side data were kept separate in 

order to avoid the violation of statistical assumptions of independence. In order to maximize 

information, something particularly important for the small ISG sample, analyses on the overall 

populations and cemetery samples were run twice, once on the left side data and once on the 

right side data. 

 Pearson‟s chi-squared statistic was used to detect whether or not the differences in trait 

expression between and within the various groups were greater than what would be expected by 

chance (Spicer 2005). The necessary exclusion of one whole side of the body for bilateral traits 

in the majority of analyses (with the exception of overall population and cemetery samples) 

greatly reduced an already small sample size. When small sample sizes are used, there may be 

random fluctuations in frequencies simply due to sampling error (Gaherty 1970) and, to further 

complicate matters, chi-squared tests have a tendency to underestimate distances between 

samples when sample size is small, and they can be misleading when there is a large disparity in 

population sample size (Gaherty 1970). Thus, it can be very difficult to prove significance 

between such samples (Gaherty 1970). To help deal with this problem, Fisher‟s Exact test was 
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employed when total sample size was less than 50. Pearson‟s chi-squared test was utilized when 

the total sample size was 50 or greater, with Yates‟ correction for continuity when any expected 

frequency was less than five, and without the correction when all expected frequencies were five 

or greater (Everitt 1977; Madrigal 1995). However, the problems with sample size were reflected 

in the within-group sex and age analyses of the smaller two samples, ISG and Lokomotiv, and 

the between-group analyses of females and the smaller age groups. In these instances, few or no 

statistically significant differences were found. Significance for all univariate tests was 

interpreted as a p-value of <0.05. All univariate tests were performed using the R statistical 

package (R Development Core Team 2009). 
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Chapter 3  

Results of Analyses on Within- and Between-Group Differences in 

Non-Metric Trait Expression 

 

  

 3.1 Side Differences Within Groups  

 

  McNemar‟s chi-squared test with continuity correction was used on bilateral traits to test 

for any significant unilateral side preferences within each population and cemetery sample (see 

Table A8). Poirier‟s facet, an extension of articular cartilage from the femoral head onto the 

anterior surface of the femoral neck (Finnegan and Faust 1974; Kostick 1963; Kennedy 1989; 

Capasso et al. 1999), is significantly more likely to be expressed on the left side and not the right 

when both sides are observable in both the Kitoi and Shamanka II samples (p=<0.05; Table A8). 

This trait may be an indicator of hip hyperextension (St. Hoyme and Isçan 1989; Kennedy 1989). 

This side preference is significant in the Kitoi 20-35 year age group (p=<0.05; Table A16), and 

in Shamanka II males (p<0.05; Table A18). Another significant unilateral preference is seen in 

the continuous form of anterior/middle calcaneal facets. A right side preference is only apparent 

within the Kitoi 20-35 year age group (p<0.05; Table A16). 

 

3.2 Sex Differences Within Groups 

 

 All sex and age analyses, both within-group and between-group, were performed utilizing 

only right side data. Thus, all incidences mentioned in the text for within- and between-group sex 

and age analyses refer only to incidences in the right side. A summary of right side trait 

incidence and results for sex differences in non-metric trait frequencies within each group is 

presented in Table A9. Kitoi males are significantly more likely than females to exhibit traits 

reflective of knee flexion and excess bone formation. Tibial imprint, found on the posterior distal 

femur and corresponding to the point at which the tibial condyle contacts the posterior femur 
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during knee flexion (Capasso et al. 1999), is significantly more common in males than in females 

(p<0.05).  

 Retroarticular bridging, a hyperostotic bridging trait of the atlas, is also more common in 

males (p<0.05). When present, a bridge of bone extends from the posterior border of the 

transverse process to the posterior arch of the atlas (Saunders 1978). The incidences of complete 

bridges and spurs were also recorded, though both were included together for the main statistical 

analyses. With retroarticular bridging, Kitoi males show a significantly stronger tendency 

towards exhibiting complete bridging than do females (p<0.01) and this is reflected in Shamanka 

II males as well (p<0.01). In Figure 3.1, the strong overall male tendency to exhibit any type of 

retroarticular bridging is easily observed.  

 

 
Figure 3.1 Incidences of complete retroarticular bridges and spurs between the sexes in all 

samples, presented as a percentage of the total number of observable bridging sites (Sham- 

Shamanka II; Loko- Lokomotiv) 

 

   

 Kitoi females are more likely than males to express one trait related to sexual 

development of the pelvis: preauricular sulcus (p<0.01). This trait is a depression inferior to the 

auricular surface and superior to the greater sciatic notch (Saunders 1978), at the site of 

attachment of the anterior sacro-iliac ligament (Saunders 1978). It is thought to be related to 
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growth and widening of the pelvis  (St. Hoyme and Isçan 1989). Females are also significantly 

more likely to express both septal aperture, a perforation between the coronoid and olecranon 

fossae of the distal humerus (Saunders 1978), and the continuous form of atlas facets than are 

males (p<0.05 and p<0.01, respectively).  

  Small sample sizes for the ISG resulted in the following traits not being observed at all 

and thus being excluded from analyses: #1 (suprasternal tubercle), #2 (sternal cleft), #3 

(subclavian facet), #12 (atlas occipitalization), #15 (C3-C7 lateral bridging), #22 (os trigonum), 

#23D (discrete anterior/middle calcaneal facets), #27 (mammillary foramen), #29 

(spondylolysis), #30 (sacral spina bifida occulta), #40 (tibial imprint), #41 (osteochondritic 

imprint), and #42 (supratrochlear imprint). Traits #25 (non-osseous tarsal coalition) and #28 

(peroneal tubercle) were excluded as well due to a lack of observable females. Of the remaining 

traits, sample sizes are too small to pull out any meaningful differences. The two traits closest to 

significance are preauricular sulcus and thoracic Schmorl‟s nodes. The former was described 

above, and is found in 67% of (six of nine) females and 25% of (four of 16) males, though this 

difference does not quite reach significance (p=0.08). Thoracic Schmorl‟s nodes are present in 

63% of (five out of eight) males and no females (out of five), though this difference is also not 

significant (p=0.08). These nodes are lesions in the vertebral body thought to be caused both by a 

genetic predisposition to intervertebral disk herniations and by environmental factors that 

increase the likelihood of this occurring, such as lifting heavy objects, continuously loading the 

spine through heavy work, and/or generalized physical stress (Kelley 1982; Capasso et al. 1999; 

Ustündag 2009).  

 Analyses of within-group sex differences in the Shamanka II cemetery sample largely 

reflect what is seen within the overall Kitoi sample. Again, females are significantly more likely 

to express preauricular sulcus (p<0.01), the continuous form of atlas facets (p<0.05), and septal 

aperture (p<0.05) than males. Males are significantly more likely to express retroarticular 

bridging of the atlas than females (p<0.05). Within the Lokomotiv cemetery sample, small sub-

group sample sizes resulted in traits #13 (atlas transverse foramina open), #15 (C3-C7 lateral 

bridging), #22 (os trigonum), and #31 (acromial facet) not being observed at all and they were 

not included in univariate analyses. The only trait to exhibit a significant sex differences in the 

Lokomotiv sample is preauricular sulcus; this trait is again significantly more likely to occur in 

females than males (p<0.01).  
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 In summary, results support a relationship between preauricular sulcus and the female 

sex, as it is much more common in females in all four samples than males. The remaining trends 

observed in the differential expression of traits by sex are seen only within the larger Kitoi and 

Shamanka II samples. Females are more likely to exhibit the continuous form of atlas facets than 

are males. There is also an increased incidence in females of a trait that appears to be related, at 

least in part, to decreased upper limb skeletal robusticity: septal aperture. In contrast, males 

exhibit an increased incidence of retroarticular bridging, a trait related to the excess formation of 

bone. Males also appear to have been performing activities involving knee hyperflexion more 

frequently than females, as suggested by the incidences of tibial imprint. Any activity that flexes 

the knee sufficiently can produce this imprint, and Kennedy (1989) associated it with both 

flexion of the knee and extension of the hip joint. 

 

3.3 Age Differences Within Groups 

 

 A summary of right side trait incidence and the results of univariate analyses on age 

differences in non-metric traits within each group is presented in Table A10.  For analyses when 

four age groups were used (15-20 years, 20-35 years, 35-50 years, 50+ years), Pearson‟s chi-

squared test was used on a 4x2 contingency table for each trait with three degrees of freedom. If 

significance was indicated, meaning a relationship existed between age and presence or absence, 

then individual 2x2 contingency tables were constructed for each combination of age groups to 

determine the specific ones between which the relationships were occurring (Table A11). In the 

case of several rare traits, only one or two observable cases were seen across all of the age 

groups. In these instances, significance was indicated in the 4x2 contingency table but no 2x2 

contingency tables showed any significant results between individual age groups. To deal with 

this, Fisher‟s Exact test was used on the 4x2 contingency table in these cases, even if sample size 

was greater than 50. For analyses when only two age groups were used (<35 years, >35 years), 

this problem never arose, and Pearson‟s chi-squared test was used on a 2x2 contingency table for 

each trait with one degree of freedom.  

 Analyses of within-group age differences in the Kitoi sample provide a multitude of 

information. Traits with significant age effects are grouped into those with obvious relationships 

to excess bone formation, skeletal robusticity and body size, facet form, hip hyperextension, and 
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knee and ankle hyperflexion. Two traits reflect excess bone formation, with very different 

results. Bipartite transverse foramen appears to represent younger age groups. This trait occurs 

when a bony spur converts, partially or completely, the transverse foramen of a cervical vertebra 

into double foramina (Saunders 1978). In comparisons of four age groups, the trait is 

significantly more common in the 20-35 year age group than the 35-50 year age group (p<0.01), 

while in comparisons of two age groups, it also significantly reflects individuals of younger age, 

being more common in the under 35 year age group (p<0.05). In contrast, suprascapular foramen 

appears to reflect older age groups. This trait occurs when the transverse ligament of the superior 

scapular border ossifies, creating a tunnel through which runs the suprascapular nerve (Saunders 

1978). This trait is only significant in comparisons of two age groups (over and under 35 years) 

and is more common in the over 35 year age group (p<0.05).  

 Two traits with the opposite relationship to robusticity and body size also exhibit 

significant relationships with age. Circumflex sulcus is significantly more likely to be found in 

the over 35 year age group (p<0.05). In comparisons of four age groups, the incidence of 

circumflex sulcus increases through the age groups (15-20=44%, 20-35=70%, 35-50=83%, 

50+=83%) but significance is not reached (p=0.09). This sulcus is located on the posterior and 

lateral border of the scapula and is created by the circumflex artery (Saunders 1978). Circumflex 

sulcus may be related to large scapular and/or circumflex artery size resulting in impingement 

and a bony reaction (Saunders 1978). Conversely, septal aperture appears to be related to young 

age: it is significantly more common in the 15-20 year than 20-35 year and 35-50 year age 

groups (p<0.05 for both). This relationship may reflect that the trait is thought to occur more 

commonly in individuals with lower humeral robusticity (Benfer and McKern 1966; Benfer and 

Tappen 1968; Saunders 1978).  

 Trochlear notch form also appears to have a relationship to age. Continuous trochlear 

notch is associated with the youngest age group, being more common in the 15-20 year than 20-

35 year (p<0.05) and 35-50 year (p<0.01) age groups. The hourglass form of trochlear notch 

appears to be associated with older age groups than the continuous form, as it is significantly 

more likely to occur in the 35-50 year and 20-35 year age groups than the 15-20 year age group 

(p<0.05 for both). Though not significantly so, incidences of the discrete form of trochlear notch 

steadily increase from 15-20 to 50+ years (15-20=0%, 20-35=2%, 35-50=11%, 50+=18%). It has 



  31 

been suggested that discrete trochlear notch may be influenced by factors other than just 

genetics, such as osteoarthritis (Yamaguchi 1972; Saunders 1978).  

 Two femoral traits considered as indicative of activity patterns due to their obvious 

association with knee hyperflexion exhibit a strong relationship with the oldest age groups. 

Osteochondritic imprint, a distal femoral plaque-like or excavated lesion thought to be an 

indicator of knee flexion (Kostick 1963, Capasso et al. 1999), is also significantly more likely to 

occur in the oldest age groups, 50+ years and 35-50 years than in the 20-35 year age group 

(p<0.05 for both) in comparisons of four age groups. The trait is also significantly more likely to 

be found in the over 35 year group (p<0.01) in comparisons of two age groups. In addition, tibial 

imprint is significantly more likely to be found in the 50+ year age group compared to all others 

(p<0.01 for all) in comparisons of four age groups.  

 Femoral, tibial, and talar traits considered as indicative of activity patterns due to their 

obvious association with hip hyperextension and ankle hyperflexion indicate physical activity in 

all age groups among the Kitoi. Poirier‟s facet is significantly more likely to occur in the over 35 

year age group (p<0.05) in comparisons of two age groups, while Allen‟s fossa is significantly 

more likely to occur in the under 35 year age group (p<0.01). When four age groups are 

compared, Allen‟s fossa is significantly more common in the 20-35 year group than the 35-50 

year group (p<0.05). Lateral trochlear extension, an anterior projection of the superior articular 

surface of the talus thought to reflect hyperflexion of the ankle (Kennedy 1989), is significantly 

more common in the over 35 year age group (p<0.05), while talar squatting facets represent both 

the oldest and the youngest age groups relative to the 20-35 year age group in comparisons of 

four age groups (p<0.05 for both). These facets are distinct and located medially, laterally or 

both on the superior surface of the talar neck, and are also thought to reflect ankle hyperflexion 

(Saunders 1978; Kennedy 1989; Schwartz 1995:133; Capasso et al. 1999; White and Folkens 

2005:293). 

 Small sample sizes for the ISG resulted in the following traits not being observed at all 

and thus being excluded from analyses: #1 (suprasternal tubercle), #2 (sternal cleft), #3 

(subclavian facet), #12 (atlas occipitalization), #15 (C3-C7 lateral bridging), #23D discrete 

anterior/middle calcaneal facets), #27 (mammillary foramen), #29 (spondylolysis), #30 (sacral 

spina bifida occulta), #40 (tibial imprint), #41 (osteochondritic imprint), and #42 (supratrochlear 

imprint). Traits #17 (missing transverse process of L1), #22 (os trigonum), #25 (non-osseous 
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tarsal coalition), and #28 (peroneal tubercle) are all missing at least one age group completely, 

while traits #46 (medial trochlear extension), #47 (lateral trochlear extension), and #48 (talar 

squatting facets) all have no observable individuals aged 50 years or more.  

 However, despite the small sub-group sample sizes, one trait does exhibit a significant 

greater likelihood of being visible in the youngest age group, 15-20 years (p<0.05): third 

trochanter. This is a rounded tubercle at the super end of the gluteal tuberosity (Finnegan and 

Faust 1974). It is not though to have any correlation to robusticity or muscularity (Saunders 

1978; Bolanowski et al. 2005) and is common in other mammals as well (Hrdlicka 1937; 

Saunders 1978; Saunders 1989; Schwartz 1995:129). The hourglass form of atlas facets is 

extremely close to significance (p=0.052), being most common in the 50+ age group (15-20=0%, 

20-35=0%, 35-50=0%, 50+=50%). Though samples sizes are small and significance was not 

quite obtained, this pattern would be consistent with patterns revealed in the Kitoi results, where 

discrete and hourglass facet forms are associated with older ages.  

 In the Shamanka II sample, traits #17 (missing transverse process of L1) and #32 

(thoracic Schmorl‟s nodes) were not observed at all in the 50+ year age group. Results are 

consistent with several of the same age patterns already identified. Circumflex sulcus displays a 

strong relationship to advanced age: in analyses of the greater than and less than 35 year age 

groups, it is significantly more likely to be found in the over 35 year group (p<0.05). 

Osteochondritic imprint is again representative of older ages, being significantly more common 

in the over 35 year age group (p<0.05). Also, Allen‟s fossa is again representative of younger 

ages, having a significantly higher occurrence in Shamanka II individuals under the age of 35 

years (p<0.01). Another previously mentioned relationship in both the Kitoi and the ISG relates 

to facet shape. The Shamanka II subsample further supports this, as continuous atlas facets are 

significantly more likely to occur in the 15-20 (p<0.05), 20-35 year (p<0.01), and 35-50 year 

(p<0.05) age groups than the 50+ year group. Trochlear notch form also follows the proposed 

pattern, with the continuous form being significantly more common in the 15-20 year than the 

35-50 year age group (p<0.01). Again, continuous facets appear to be associated with younger 

age.  

 Two ankle hyperflexion indicators also demonstrate significant results. Lateral tibial 

squatting facet is significantly more likely to occur in the 20-35 (p<0.05) and 35-50 (p<0.01) 

year age groups than the 50+ year age group. Talar squatting facet is significantly more likely to 
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occur in all other age groups over the 35-50 years (p<0.05 for all). Spondylolysis, a unilateral or 

bilateral separation of the vertebral neural arch from the vertebral body at the pars interarticularis 

(Saunders 1978), has its highest incidence in the 15-20 year group (15-20=33%, 20-35=4%, 35-

50=0%, 50+=0%) in the Shamanka II sample, but significance is not quite reached between the 

15-20 year age group and the 20-35 year and 35-50 year groups (p=0.09 and p=0.06, 

respectively).  

 The following traits were not observed in any individuals in the Lokomotiv sample and 

were not included in analyses: #9H (hourglass atlas facet form), #10 (lateral atlas bridging), #13 

(atlas transverse foramina open), #15 (C3-C7 lateral bridging), #22 (os trigonum), and #31 

(acromial facet). Further, traits #24 (bipartite anterior calcaneal facet), #28 (peroneal tubercle), 

#41 (osteochondritic imprint), and #43 (peritrochlear groove) were not observable in any 

individuals aged 15-20 years in the Lokomotiv sample. Only one trait demonstrates a significant 

age preference: the continuous form of anterior/middle calcaneal facets. Interestingly, this trait 

does not follow the same pattern with age that atlas facets and trochlear notch do; in fact, it is the 

opposite. In comparisons of the over and under 35 year age groups, the continuous form is 

significantly more likely to be seen in the over 35 year age group (p<0.05). This may reflect the 

fact that the anterior/middle calcaneal are weight-bearing, while atlas facets and trochlear notch 

are not. The discrete form of anterior/middle calcaneal facets does not reach significance, but is 

most common in the youngest two age groups (15-20=100%, 20-35=30%, 35-50=6%, 

50+=20%). Two other traits are present only in the oldest groups, 35-50 and 50+ years, in the 

Lokomotiv sample. One is suprascapular foramen and the other is subclavian facet, a facet near 

the conoid tubercle on the inferior surface of the clavicle (Lewis 1959). Conversely, bipartite 

transverse foramen again demonstrates its highest incidences in the youngest age groups 

(15=20=100%, 20-35=100%, 35-50=44%, 50+=66%), though significance is not quite reached 

(p=0.08).  

 In summary, the majority of traits that distinguish between the age groups follow several 

distinct patterns. Many important traits are either related to skeletal robusticity and body size 

(septal aperture, circumflex sulcus), facet form (trochlear notch form, atlas facet form, 

anterior/middle calcaneal facet form), or ligament ossification (bipartite transverse foramen, 

suprascapular foramen). Other traits reflect hip hyperextension (Allen‟s fossa, Poirier‟s facet), 

knee hyperflexion (osteochondritic imprint, tibial imprint), and ankle hyperflexion (talar 
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squatting facets, lateral trochlear extension) that are consistent with frequent locomotion over 

hilly terrain. These traits provide insight into which age groups were most likely participating in 

hunting forays and/or other strenuous physical activity. The only trait that does not fit into these 

patterns is third trochanter. It is possible that this trait‟s relationship with younger age groups is a 

reflection of an increased tendency in older adults for the gluteal tuberosity to mask or obscure 

third trochanter (Saunders 1978).  

 

3.4 Between-Group Analyses: Kitoi vs. ISG 

    

   3.4.1 All Individuals Pooled 

 For analyses of overall differences between the Kitoi and ISG populations, the maximum 

possible sample size was used for each population by pooling males, females, individuals of 

indeterminate sex, and all age groups including 20+ years, with left and right side data kept 

separate in order to avoid the violation of statistical assumptions of independence. In order to 

maximize information, particularly from the small ISG sample, analyses were run twice, once on 

the left side data and once on the right side data (see Table A12). There were 159 Kitoi and 31 

ISG individuals available for analysis.  

 Results indicate several differences between the two populations. Analyses of midline 

traits (see Table A13) indicate that both thoracic and lumbar laminar spurring are significantly 

more likely to be found in the Kitoi population as a whole than in the ISG (p<0.05 for both). 

Laminar spurring is caused by ossification of the ligamenta subflava (Pietrusewsky and Douglas 

2002); excessive flexion is thought to cause tension in and strain on these ligaments, resulting in 

ossification. Analyses of bilateral traits were done separately for left side data and right side data 

in an attempt to maximize information from the small ISG sample. One bilateral trait that is 

significantly more common in the Kitoi population as a whole than the ISG is vastus facet 

(p<0.01). This trait is an oval facet on the superior lateral angle of the patella (Saunders 1978). If 

a vastus notch is also present, the facet will be located anterior to it (Finnegan and Faust 1974). 

Though Saunders (1978) noted that when a notch is present, a facet almost always accompanies 

it, the former need not be present for a facet to be scored (Finnegan and Faust 1974). Both the 

facet and the notch may possibly reflect activity-induced variation in the vastus lateralis 

attachment (Capasso et al. 1999). Three bilateral traits are significantly more likely to be seen in 
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the ISG population as a whole than the Kitoi: septal aperture (p<0.01), the discrete form of 

trochlear notch (p<0.01), and third trochanter (p<0.05).  

 No individuals scored, in either the Kitoi or ISG samples, have the following traits: 

sternal aperture, supraclavicular foramen, supracondyloid process, bifid anterior arch of the atlas, 

axis transverse foramen open, cervical Schmorl‟s nodes, cervical laminar spurring, cervical, 

thoracic, or lumbar spina bifida occulta, and bipartite patella (see Appendix B for definitions). 

Among the ISG, traits #41 (osteochondritic imprint) and #42 (supratrochlear imprint) are absent 

in all observable individuals. 

 The most rare non-metric traits scored in this research are consistent in both the Kitoi and 

ISG. The following traits have total incidences of 5% or less in all observable individuals: 

suprasternal tubercle, subclavian facets, atlas occipitalization, C3-C7 lateral bridging, os 

trigonum, spondylolysis and sacral spina bifida occulta. One individual, a 40-45 year old Kitoi 

male from Lokomotiv (Burial 8-1), is the only individual scored in either population to be 

present for os acromiale, an unfused epiphysis of the acromion (Sammarco 2000). The affected 

side is the right, but it is unknown whether or not the individual was affected bilaterally as the 

left side is unobservable. The unfused acromial epiphysis either was not recovered or has been 

lost.  

 The most commonly scored non-metric traits in this research, with incidences of at least 

50% or more in each population, are the following: suprascapular notch, circumflex sulcus, 

hourglass trochlear notch, continuous atlas facets, bipartite transverse foramina, lumbar laminar 

spurring, lateral tibial squatting facet, vastus facet, vastus notch, medial trochlear extension, 

lateral trochlear extension, continuous anterior/middle calcaneal facets, and peroneal tubercle.  

In some cases, traits are found in all observable individuals. For instance, thoracic laminar 

spurring is present in 100% (124 of 124) of observable Kitoi and 91% (20 of 22) of observable 

ISG. In addition, forward prolongation of the medial articular surface of the talus was removed 

from statistical analyses for being present in every individual scored in both populations. In this 

trait, the medial articular surface of the talus projects more anteriorly than the level of the 

anterior margin of the trochlear surface (Singh 1959).  

 Three of these common traits are examined in greater detail due to their demonstrating 

differences other than simple presence or absence. One is peroneal tubercle, a tubercle that forms 

the base of a septum that separates the peroneus longus and brevis tendon sheaths (Sugimoto et 
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al. 2009). Peroneus longus is superficial to brevis and overlies the fibula, while peroneus brevis 

is deeper and located closer to the foot (Van De Graaf 2002). These muscles flex the ankle joint 

and evert the foot (Van De Graaf 2002; White and Folkens 2005:294). In order to reduce 

observer error as much as possible, only presence or absence of peroneal tubercle was utilized 

for the main statistical analyses in this research. However, the length of the tubercle and degree 

of its projection out from the lateral surface of the calcaneus were measured and converted to a 

small, medium, and large gradational scale for more specific examination if needed. Small 

tubercles are those less than 10 mm in length and 2.5 mm in width, large tubercles are those 

greater than 10 mm by 2.5 mms, and medium tubercles are those in between. The size of 

peroneal tubercles was examined briefly because, though enlarged peroneal tubercles are thought 

to be primarily congenital, other factors like trauma and weight-bearing have also been suggested 

(Burman 1953).  

 Poor preservation of the lateral calcaneal surface in the ISG led to only three individuals 

being observable for this trait (Burials 19-1, 45-1, and 55-2). Due to the small sample size in the 

ISG, only the Kitoi are examined further. In them, tubercle size exhibits a relationship with both 

sex and age: larger-sized tubercles tend to be found in males relative to females and the older age 

groups relative to the younger ones. Significant differences in peroneal tubercle size by sex and 

age are presented in Table A1, while the overall incidence of peroneal tubercle by size in all the 

sex and age groups examined is presented in Figure 3.2. 

 Another common trait that that was further examined is suprascapular notch. This is a 

semicircular notch on the superior border of the scapula at the base of the coracoid process 

(White and Folkens 2005:198). When present, the suprascapular nerve runs through the notch 

and is contained by a ligament that, when ossified, produces a suprascapular foramen. 

Suprascapular notch and foramen are thought to have a genetic background. The notch has 

shown populational differences in frequency (Hrdlicka 1942c) and has been indicated from mid-

fetal life (Hrdlicka 1942b). The foramen occurs in other mammals, such as sloths and monkeys 

(Hrdlicka 1942b). In addition, Hrdlicka (1942b) suggested that the tendency towards ossification 

of the ligament, resulting in suprascapular foramen, is inherent and not related to pathology or 

age.  
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Figure 3.2 Incidence of peroneal tubercle by size in the sex and age groups examined, presented 

as a percentage of the total number of observable sides in each group 

 

 There is potential for variation not just in presence of a notch or foramen, but also in the 

size of the notch when present. Deeper notches have been associated with older ages as well as 

with males in the literature (Hooton 1930; Hrdlicka 1942a, 1942c; Saunders 1978; Douglas et al. 

1997). Suprascapular notches were scored simply as present or absent for the main statistical 

analyses, as judging the size of notches is very subjective with fairly high observer error 

(Saunders 1978). However, the depth of the notches was recorded in the field, so some cursory 

examinations can be made here. Notches shallower than 5 mm are regarded as „shallow‟ and 

notches deeper than 5 mm are regarded as „deep.‟ 

 There is a strong tendency among the ISG towards deep suprascapular notches (>5 mm) 

and among the Kitoi towards shallow (<5 mm) suprascapular notches. Incidences of all four 

variants in the superior scapular border (absence of a notch, shallow notch, deep notch, and 

suprascapular foramen) are presented as a percentage of the total number of observable sides in 

each population in Figure 3.3. Incidences of shallow and deep suprascapular notches were also 

compared between Kitoi and ISG sex and age groups, and the prevalence of shallow notches in 

the Kitoi and deep notches in the ISG was again readily evident. The groups in which there were 

significant differences, along with significance levels, are presented in Table A2. 

 The last common trait to be further examined is bipartite transverse foramen. This trait 

occurs when a transverse foramen of a cervical vertebra is converted into a double foramen by a  
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Figure 3.3 Incidences of variants in the superior scapular border, presented as a percentage of the 

total number of observable sides in each population 

 

bony spur or complete bridge of bone (Saunders 1978). The vertebral artery runs through the 

transverse foramen on either side of each cervical vertebra to the foramen magnum. The artery is 

surrounded by a fibrous osteomuscular tunnel and is fixed to the surrounding structures by a 

network of collagen (Chopard et al. 1992). Pressure and irritation from the artery against the 

surrounding membranous structures are thought to result in the ossification seen in bipartite 

transverse foramina (Le Double 1912). Thus, it is possible that an underlying genetic influence 

on arterial size could be visible in the incidences of bipartite transverse foramina in these 

populations.  

 Typically, the bipartite foramina are found in C3-C7, with highest frequency generally 

attributed to C6 in the literature (Le Double 1912; Tulsi 1975; Saunders 1978). Among the Kitoi, 

bipartite transverse foramina are most common in C5-C7, with the highest incidence in C6 (76% 

of individuals present for bipartite transverse foramina in whom it was possible to determine the 

exact cervical vertebrae present). Among the ISG, bipartite transverse foramina are only seen in 

C5-C7, and are again most common in C6 (86% of individuals present for bipartite transverse 

foramina in whom it was possible to determine the exact cervical vertebrae present). The 

incidences of bipartite transverse foramina in specific vertebrae among the Kitoi and ISG 
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individuals are presented in Figure 3.4. These are percentages of the total number of individuals 

in whom it was possible to identify the exact cervical vertebrae.  

 
Figure 3.4 Incidences of bipartite transverse foramina by vertebra in the Kitoi and ISG, presented 

as a percentage of the total number of individuals in whom the exact vertebrae could be 

identified.  

 

 It has also been suggested in the literature that spurs are generally more frequent than 

complete bridges (Saunders 1978), but this is not the case in the Kitoi or the ISG, as complete  

bridges are always more common and sometimes significantly so. Differences in the location and 

degree of bridging that were significantly different are presented in Table A3. 

 

   3.4.2 Males 

 For sections 3.4.2 to 3.4.4, summaries of right side trait incidence and the results of 

analyses for differences in non-metric traits between all Kitoi and ISG subsamples (males, 

females, age groups) are presented in Table A14. There were 87 Kitoi and 19 ISG males 

available for analysis. A summary of trait incidence by side in individuals in whom both sides 

were observable and the results of McNemar‟s tests for side differences in bilateral genetic traits 

are presented in Table A15. Side analyses of males in whom both sides were observable do not 

reveal any unilateral side preferences in bilateral non-metric traits within either the Kitoi or ISG.  

0

6.5

36.9

76

34.8

0 0

42.9

85.7

14.3

0

10

20

30

40

50

60

70

80

90

C3 C4 C5 C6 C7

%

Specific Cervical Vertebrae

Kitoi

ISG



  40 

 Results demonstrate that two spinal traits are important in differentiating the males of 

both populations. Thoracic laminar spurring is significantly more common in the Kitoi males 

(p<0.05), being present in all 76 Kitoi males observable for the trait. In contrast, thoracic 

Schmorl‟s nodes are significantly more likely to occur in the ISG males (p<0.05). Another trait 

significantly more likely to be found in ISG males than Kitoi males is acetabular mark (p<0.01). 

This trait consists of “rounded-edged pits” and “acetabular creases” in the roof of the acetabulum 

(Saunders 1978; Mafart 2005). Kitoi males are significantly more likely to exhibit vastus facet 

than ISG males (p<0.01), being much more common in the former (92% or 54 out of 59 vs. 33% 

or two out of six). Traits #12 (atlas occipitalization) and #29 (spondylolysis) are not observed at 

all in males and were excluded from univariate analyses. Traits #40 (tibial imprint), #41 

(osteochondritic imprint), and #42 (supratrochlear imprint) are absent in all observable ISG 

males. 

 

   3.4.3 Females  

 There were 55 Kitoi and 12 ISG females for analysis. A summary of trait incidence by 

side in individuals in whom both sides were observable and the results of McNemar‟s tests for 

side differences in bilateral non-metric traits are presented in Table A15. Side analyses of 

females in whom both sides are observable did not reveal any unilateral side preference in 

bilateral traits within either group. The following traits are absent in all observable females, both 

Kitoi and ISG, and were excluded from univariate analyses: #1 (suprasternal tubercle), #26D 

(discrete trochlear notch), #30 (sacral spina bifida occulta). Because of the small ISG sample, no 

ISG females are observable for traits #25 (non-osseous tarsal coalition) and #28 (peroneal 

tubercle) and these traits were also excluded from univariate analyses.  

 No traits are significantly more likely to be seen in one group of females over the other. 

This is likely a result of the small number of ISG females and not biologically accurate, as 

observable numbers of females for any given trait range from only one up to just nine. The trait 

closest to achieving a statistically significant difference between Kitoi and ISG females is the 

continuous form of atlas facets, which is found in 93% (26 of 28) of Kitoi females and 60% 

(three of five) of ISG females (p=0.09). 
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3.4.4 Age Groups 

 Sample sizes for the analyses of age differences are small, particularly in the ISG and in 

the 15-20 and 50+ year age groups of both populations. There are few observable individuals, 

particularly for some of the rarer traits. Small sample sizes also affected side analyses, as there 

are few or no individuals in whom both sides are observable in certain age groups. Analyses 

were also run on under 35 and over 35 year age groups in an attempt to remedy these issues with 

small sub-group sample sizes. Summaries of trait incidence by side in individuals in whom both 

sides are observable and the results of McNemar‟s tests for side differences in bilateral non-

metric traits are presented in Table A16 for Kitoi age groups and Table A17 for ISG age groups.  

 There were 12 Kitoi and four ISG individuals in the 15-20 year age group available for 

analysis. Side analyses of individuals in the 15-20 year group in whom both sides are observable 

do not reveal any significant unilateral side preferences, though there are few in whom both sides 

are observable. Results of analyses on four age groups indicate that third trochanter is 

significantly more likely to occur in the ISG 15-20 year age group (p<0.05). The following traits 

are absent in all individuals in the 15-20 age groups of either the Kitoi or the ISG, and were thus 

removed from univariate analyses: #1 (suprasternal tubercle), #3 (subclavian facet), #5 

(suprascapular foramen), #9H (hourglass atlas facets), #10 (lateral atlas bridging), #12 (atlas 

occipitalization), #15 (C3-C7 lateral bridging), #22 (os trigonum), #24 (bipartite anterior 

calcaneal facet), #26D (discrete trochlear notch), #31 (acromial facet), #32 (thoracic Schmorl‟s 

nodes), #36 (accessory sacral/hip facets), #39 (posterior acetabular imprint), #41 (osteochondritic 

imprint), and #42 (supratrochlear imprint)..  

 There were 61 Kitoi and eight ISG individuals in the 20-35 year age group available for 

analysis. In individuals in the 20-35 year age group in whom both sides are observable, the 

continuous form of anterior/middle calcaneal facets exhibits a significant unilateral preference 

for the right side in the Kitoi sample (p<0.05). The continuous form occurs on the left but not the 

right in one individual and on the right but not the left in eight individuals in whom both sides 

are observable for the trait. Poirier‟s facet also exhibits a unilateral preference for the left side in 

the Kitoi sample (p<0.05). The trait is present on the left side but not the right in nine individuals 

and on the right but not the left in one individual. The number of individuals in the ISG 20-35 

year age group in whom both sides are observable is small, but in none of them is either of these 

traits expressed unilaterally. 
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 Results of analyses on four age groups indicate that discrete trochlear notch is 

significantly more likely to be found in the ISG 20-35 year group than in this group in the Kitoi 

(p<0.05). The Kitoi 20-35 year age group is significantly more likely to exhibit vastus facet 

(p<0.05). Trait #1 (suprasternal tubercle) is absent in all individuals from the Kitoi and ISG 20-

35 year age groups and was thus not included in univariate analyses.  

 These two age groups (15-20 years and 20-35 years) were combined into an under 35 

year age group in order to maximize results from the small sub-group sample sizes. When Kitoi 

and ISG under 35 year age groups are compared, all three of the traits mentioned above (third 

trochanter, discrete trochlear notch, vastus facet) exhibit significant differences. Vastus facet is 

more likely to occur in Kitoi individuals under the age of 35 (p<0.05), while discrete trochlear 

notch and third trochanter are again more likely to be found in ISG individuals in this age group 

(p<0.05 for both). A significant result is also seen in one trait that is not visible when age is 

divided into four groups: thoracic laminar spurring is significantly more likely to be found in 

Kitoi individuals in the under 35 year age group than ISG individuals in this group (p<0.05).  

 The older two age groups (35-50 and 50+ years) were also combined into an over 35 year 

age group. When this age group is compared between the Kitoi and ISG populations, lumbar 

laminar spurring is significantly more likely to be seen in the Kitoi than ISG (p<0.05). This 

result is not seen in analyses of the smaller individual age groups. There were 55 Kitoi and nine 

ISG individuals in the 35-50 year age group available for analysis. Side analyses of individuals 

in this age group in whom both sides are observable do not reveal any significant unilateral side 

preferences in non-metric traits. No traits are significantly more likely to be seen in one 35-50 

year age group than in the other. However, the trait that is significant between the Kitoi and ISG 

over 35 year age groups, lumbar laminar spurring, is the closest trait to reaching statistical 

significance (p=0.06). Traits #2 (sternal cleft), #12 (atlas occipitalization), #13 (atlas transverse 

foramina open), #21 (third trochanter), and #29 (spondylolysis) are not present in any individuals 

in the 35-50 year age group and were removed from univariate analyses. Traits #17 (missing 

transverse process of L1) and #28 (peroneal tubercle) were also excluded as there are no 

observable individuals in the ISG 35-50 year age group. 

 There were 15 Kitoi and six ISG individuals in the 50+ year age group available for 

analysis. Side analyses of the very few individuals in the 50+ year age group in whom both sides 

are observable do not reveal any significant unilateral side preferences in bilateral non-metric 
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traits. Septal aperture is significantly more likely to be found in the ISG 50+ year age group than 

the Kitoi (p<0.05). One trait, acetabular mark, is very close to being significantly more common 

in the ISG than the Kitoi in this age group as well (p=0.057). Traits #1 (suprasternal tubercle), #2 

(sternal cleft), #10 (lateral atlas bridging), #12 (atlas occipitalization), #13 (atlas transverse 

foramina open), #15 (C3-C7 lateral bridging), #29 (spondylolysis), #31 (acromial facet), #37 

(Allen‟s fossa), and #44 (medial tibial squatting facet) are not present in any individuals in the 

50+ year age group and were removed from univariate analyses. Traits #17 (missing transverse 

process of L1), #22 (os trigonum), #28 (peroneal tubercle), #46 (medial trochlear extension), #47 

(lateral trochlear extension), and #48 (talar squatting facets) are not observable in any ISG 

individuals in the 50+ year age group, so these traits were also excluded from univariate 

analyses.  

 

   3.4.5 Summary of Between-Group Analyses: Kitoi vs. ISG 

 When the Kitoi and ISG are compared for non-metric trait incidences, the groups are very 

clearly delineated. Each trait that exhibits significant differences between the populations, either 

in the overall samples or between any given sub-samples, remains solely and consistently 

reflective of that particular group on every occasion in which it is found to be significant. One 

trait that differentiates between the two populations suggests a relationship to underlying 

robusticity, which appears to be lower in the ISG. The overall ISG sample (of left side data) and 

50+ year group are significantly represented by septal aperture, a trait affected by robusticity in 

that less robust individuals are more likely to express it (Benfer and McKern 1966; Benfer and 

Tappen 1968; Saunders 1978). Another trait that consistently represents the ISG is discrete 

trochlear notch. This trait is significantly more common in the ISG relative to the Kitoi in the 

overall population comparison (of left side data), as well as between the 20-35 year and under 35 

year age groups. There is some suggestion that discrete trochlear notch may be affected by 

osteoarthritis (Yamaguchi 1972; Saunders 1978). Acetabular mark and thoracic Schmorl‟s nodes 

also significantly reflect the ISG when males are compared and discrete trochlear notch 

significantly represents the ISG relative to the Kitoi in the sample as a whole (with left side 

data), as well as between the 20-35 year and <35 year age groups. Third trochanter is also 

consistently and significantly more likely to be seen in the ISG than the Kitoi in the overall 
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population samples (with both left and right side data) and between males, the 15-20 year age 

groups, and the <35 year age groups.  

 The Kitoi population is represented exclusively by traits that reflect predominantly 

activity patterns. Thoracic laminar spurring is significantly more likely to be found in the Kitoi 

than the ISG in the overall population comparison, as well as male and under 35 year age groups. 

Laminar spurring in the lumbar region is also significantly more common in the Kitoi sample 

than the ISG in the overall population comparison, as well as between age groups older than 35 

years. Vastus facet, reflecting hyperflexion of the knee, is also significantly more common in the 

Kitoi than the ISG very consistently, in the overall population comparison (with right side data), 

as well as between males, and the 20-35 year and under 35 year age groups. These traits appear 

to be indicative of locomotion in steep terrain and spinal loading in the Kitoi.  

 

3.5 Between-Group Analyses: Shamanka II vs. Lokomotiv 

    

   3.5.1 All Individuals Pooled 

 For analyses of overall differences between the Shamanka II and Lokomotiv samples, the 

maximum possible sample size was used for each population by pooling males, females, 

individuals of indeterminate sex, and all age groups including 20+ years. Analyses were run 

separately on left and right side data (see Table A12) to provide as much information as possible 

on differences between the two cemeteries. There were 90 Shamanka II and 69 Lokomotiv 

individuals for analysis. Two femoral traits suggestive of hip hyperextension are significantly 

more common in the Shamanka II sample: Allen‟s fossa (with both left and right side data; 

p<0.01 for both) and Poirier‟s facet (left side data; p<0.01). In addition, hourglass 

anterior/middle calcaneal facets are also significantly more common in Shamanka II than 

Lokomotiv in left side data (p<0.05). Preauricular sulcus and peritrochlear groove are 

significantly more common in Lokomotiv in both left and right side data (preauricular sulcus: 

p<0.01 for both; peritrochlear groove: p<0.05 with left side data, p<0.01 with right side data). 

Other traits significantly more common in the Lokomotiv sample are circumflex sulcus (right 

side data: p<0.05), continuous atlas facets (right side data: p<0.05), thoracic Schmorl‟s nodes 

(p<0.01), and lumbar Schmorl‟s nodes (p<0.05).  
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 Again, no individuals scored in either the Shamanka II or Lokomotiv samples are 

observed to have the following traits: sternal aperture, supraclavicular foramen, supracondyloid 

process, bifid anterior arch of the atlas, cervical Schmorl‟s nodes, cervical laminar spurring, 

cervical, thoracic, or lumbar spina bifida, axis transverse foramen open, or bipartite patella (see 

Appendix B for definitions). The one individual in whom os acromiale is observed (see section 

3.4.1 above) was recovered from Lokomotiv cemetery (Burial 8-1). The rarest traits scored in 

Shamanka II and Lokomotiv individuals, with total incidences of 5% or less in all observable 

individuals are acromial facet, atlas occipitalization, atlas transverse foramina open, C3-C7 

lateral bridging, os trigonum, and sacral spina bifida occulta. The most commonly scored traits in 

Shamanka II and Lokomotiv individuals, with incidences of at least 50% or more in each group, 

are these: suprascapular notch, circumflex sulcus, hourglass trochlear notch, continuous atlas 

facets, bipartite transverse formina, lumbar laminar spurring, lateral tibial squatting facet, medial 

trochlear extension, lateral trochlear extension, vastus facet, vastus notch, and peroneal tubercle.  

Thoracic laminar spurring is present in all Shamanka II and Lokomotiv individuals.  

 Though not significantly different between the Kitoi and ISG, suprascapular notch, 

peroneal tubercle, and bipartite transverse foramen were all examined in greater detail with 

regards to depth, size, and specific location in section 3.4.1 above, and population differences in 

sex and age were revealed. Thus, these traits will be briefly examined for differences between 

the two Kitoi cemeteries as well. Suprascapular notch was present in 76% (19 out of 25) of 

Lokomotiv scapulae and 73% (45 out of 62) of Shamanka II scapulae. Significant differences in 

suprascapular notch size are presented in Table A4. Shamanka II and Lokomotiv males are both 

most likely to exhibit a shallow notch, as are the 20-35 year and 35-50 year age groups of the 

Shamanka II sample. In addition, Shamanka II females are more likely to have no notch at all 

than a suprascapular foramen. This could have to do with the decreased tendency in females to 

exhibit hyperostotic traits (Ossenberg 1969). 

 At least one bipartite transverse foramen of a cervical vertebra is found in 66% (39 out of 

59) of Shamanka II and 71% (15 out of 21) of Lokomotiv individuals. In Shamanka II, the 

highest incidence of the trait is in C6 (86% of individuals present for bipartite transverse 

foramina in whom it was possible to determine the exact cervical vertebrae present). In 

Lokomotiv, C5-C7 all have the same incidence of 45%. The observable sample size for bipartite 

transverse foramina at Lokomotiv is half that at Shamanka II, so it is not possible to get as much 
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information. Location and degree of the bridging at Shamanka II and Lokomotiv largely reflect 

what was seen in the Kitoi population as a whole and significant differences are presented in 

Table A5. Lastly, peroneal tubercle was present in 77% (72 out of 94) of Shamanka II calcanei 

and 74% (34 out of 45) of Lokomotiv calcanei. The most noticeable difference is a tendency for 

Lokomotiv individuals to exhibit medium-sized peroneal tubercles and Shamanka II to exhibit 

large ones. Significant differences are presented in Table A6. 

 

   3.5.2 Males 

 For sections 3.5.2 to 3.5.4, summaries of right side trait incidence and the results of 

univariate statistical analyses for differences in genetic traits between all Shamanka II and 

Lokomotiv subsamples (males, females, age groups) are presented in Table A18. There were 56 

Shamanka II and 31 Lokomotiv males for analysis. A summary of trait incidence by side in 

individuals in whom both sides are observable and the results of McNemar‟s tests for side 

differences in bilateral genetic traits are presented in Table A19. Side analyses of males in whom 

both sides are observable reveal that Poirier‟s facet again exhibits a unilateral side preference. 

This side preference is for the left and is found within the Shamanka II males: the trait occurs on 

the left but not the right in six individuals in whom both sides are observable and never vice 

versa (p<0.05). This fits with the results of side analyses in the Kitoi sample as a whole, as well 

as of the overall Shamanka II sample, and it appears that Shamanka II males are the reason for 

both of these earlier significant results. Lokomotiv males do not exhibit the trait any more on the 

left than the right in individuals where both sides are observable.  

 Traits #12 (atlas occipitalization), #13 (atlas transverse foramina open), and #29 

(spondylolysis) are absent in all observable individuals and were excluded from analyses. 

Peritrochlear groove is significantly more common among Lokomotiv males than Shamanka II 

males (p<0.01). This groove is formed by the raised medial edge of the trochlear surface of the 

distal femur and is thought to reflect flexion of the knee, potentially from a squatting posture or 

large amounts of walking (Kostick 1963).  

 

   3.5.3 Females 

 There were 24 Shamanka II and 31 Lokomotiv females for analysis. A summary of trait 

incidence by side in individuals in whom both sides are observable and the results of McNemar‟s 
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tests for side differences in bilateral genetic traits are presented in Table A19. Side analyses of 

females in whom both sides are observable do not reveal any unilateral side preferences in 

bilateral traits within either sample. Traits #1 (suprasternal tubercle), #9H (hourglass atlas 

facets), #10 (lateral atlas bridging), #26D (discrete trochlear notch), and #30 (sacral spina bifida 

occulta) are absent in all observable individuals and were excluded from univariate analyses. 

Facet shape is important for differentiating the females of these two Kitoi cemeteries. The 

hourglass form of anterior/middle calcaneal facets is significantly more likely to occur in the 

Shamanka II females than Lokomotiv females (p<0.05). Thoracic Schmorl‟s nodes are also 

important, being significantly more likely to occur in Lokomotiv females than Shamanka II 

females (p<0.05). In addition, lumbar Schmorl‟s nodes are present in 50% (six out of 12) of 

Lokomotiv females and only 8% (one out of 12) of Shamanka II females but this difference does 

not quite reach significance (p=0.07).  

 

   3.5.4 Age Groups 

 There were nine Shamanka II and three Lokomotiv individuals in the 15-20 year age 

group available for analysis. This small sample size does limit the results and there are few 

individuals in whom both sides are observable. In the Lokomotiv 15-20 year age group, only 

traits #6 (circumflex sulcus), #25 (non-osseous tarsal coalition), and #46 (medial trochlear 

extension) had any unilateral occurrences. A summary of trait incidence by side in individuals in 

whom both sides are observable and the results of McNemar‟s tests for side differences in 

bilateral traits are presented in Table A20 for Shamanka II age groups and Table A21 for 

Lokomotiv age groups. There are no significant unilateral side preferences within either sample. 

 The following traits are not observed in any individuals in the 15-20 year old age groups 

and were removed from univariate analyses: #1 (suprasternal tubercle), #3 (subclavian facet), #5 

(suprascapular foramen), #9H (hourglass atlas facets), #9D (discrete atlas facets), #10 (lateral 

atlas bridging), #12 (atlas occipitalization), #15 (C3-C7 lateral bridging), #21 (third trochanter), 

#22 (os trigonum), #26D (discrete trochlear notch), #31 (acromial facet), #32 (thoracic 

Schmorl‟s nodes), #36 (accessory sacral/hip facets), #39 (posterior acetabular imprint), and #42 

(supratrochlear imprint). There are also no Lokomotiv individuals in the 15-20 year group 

observable for traits #24 (bipartite anterior calcaneal facet), #28 (peroneal tubercle), #41 
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(osteochondritic imprint), and #43 (peritrochlear groove), so these were also removed from 

analyses. 

 There were 34 Shamanka II and 27 Lokomotiv individuals in the 20-35 year age group 

available for analysis. Side analyses of individuals in the 20-35 year groups in whom both sides 

are observable do not reveal any unilateral side preferences in bilateral traits within either 

sample. Traits #1 (suprasternal tubercle), #13 (atlas transverse foramina open), and #31 

(acromial facet) are absent in all observable individuals and were excluded from univariate 

analyses. Circumflex sulcus is significantly more likely to be found in the Lokomotiv than 

Shamanka II 20-35 year age groups (p<0.01). Preauricular sulcus is also significantly more likely 

to be found in the Lokomotiv than Shamanka II 20-35 year groups (p<0.05). In addition, 

Lokomotiv individuals in this age group are represented by spinal loading (thoracic and lumbar 

Schmorl‟s nodes), while Shamanka II individuals in this age group are represented by an 

indicator of hip hyperextension (Allen‟s fossa). Thoracic Schmorl‟s nodes are significantly more 

likely to occur in the Lokomotiv than Shamanka II 20-35 year age group (p<0.01), as are lumbar 

Schmorl‟s nodes (p<0.05). The former are found in 58% (or seven out of 12) observable 

Lokomotiv individuals in this age group and only 10% (or two out of 21) of Shamanka II, while 

the latter are found in 64% (seven out of 11) of Lokomotiv and 22% (four out of 18) of 

Shamanka II individuals aged 20-35 years. Allen‟s fossa is significantly more likely to be found 

in the Shamanka II than Lokomotiv 20-35 year age groups (p<0.05).  

 These two age groups (15-20 years and 20-35 years) were combined into an under 35 

year age group in order to maximize results from the small sub-group sample sizes. When 

Shamanka II and Lokomotiv under 35 year age groups are compared, four of the traits mentioned 

above (circumflex sulcus, Allen‟s fossa, thoracic and lumbar Schmorl‟s nodes) exhibit 

significant differences. Circumflex sulcus (p<0.05), thoracic Schmorl‟s nodes (p<0.01), and 

lumbar Schmorl‟s nodes (p<0.05) are all significantly more common in Lokomotiv individuals 

under the age of 35 than in Shamanka II individuals of this age. In contrast, Allen‟s fossa is 

significantly more likely to be found in Shamanka II individuals under the age of 35 (p<0.05).  

 The older two age groups (35-50 and 50+ years) were also combined into an over 35 year 

age group. When this age group is compared between the Shamanka II and Lokomotiv samples, 

preauricular sulcus and peritrochlear groove are both significantly more common in the 

Lokomotiv sample (p<0.05 for both). In analyses of the smaller individual age groups, a slightly 
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different result is seen. There were 29 Shamanka II and 26 Lokomotiv individuals in the 35-50 

year age group available for analysis. Side analyses of individuals in the 35-50 year group in 

whom both sides are observable do not reveal any unilateral side preference in bilateral traits 

within either sample. Traits #2 (sternal cleft), #12 (atlas occipitalization), #13 (atlas transverse 

foramina open), #21 (third trochanter), and #29 (spondylolysis) are absent in all observable 

individuals in the 35-50 year age groups in these samples and were excluded from univariate 

analyses. Hip hyperextension appears to have been important in the Lokomotiv 35-50 year age 

group; Allen‟s fossa is significantly more likely to be found in Lokomotiv than Shamanka II 

individuals in this age group (p<0.01), being found in 100% (11 out of 11) of Lokomotiv and 

10% (two of 20) of Shamanka II right femora.  

 There were seven Shamanka II and eight Lokomotiv individuals in the 50+ year age 

group available for analysis. Side analyses of individuals in this group in whom both sides are 

observable do not reveal any unilateral side preferences in bilateral traits within either sample.  

The following traits are absent in all individuals in the 50+ year age group and were excluded 

from univariate analyses: #1 (suprasternal tubercle), #2 (sternal cleft), #7 (septal aperture), #10 

(lateral atlas bridging), #12 (atlas occipitalization), #13 (atlas transverse foramina open), #15 

(C3-C7 lateral bridging), #17 (missing transverse process of L1), #21 (third trochanter), #22 (os 

trigonum), #29 (spondylolysis), #31 (acromial facet), #37 (Allen‟s fossa), #44 (medial tibial 

squatting facet), and #45 (lateral tibial squatting facet). Atlas facet form and preauricular sulcus 

are important in differentiating the groups. The continuous form of atlas facets is significantly 

more likely to be found in the Lokomotiv than Shamanka 50+ year age group (p<0.05). As in 

comparisons of the over 35 year age groups, preauricular sulcus is significantly more common in 

the Lokomotiv (p<0.05) in comparisons of the smaller 50+ year age groups. However, 

peritrochlear groove is not significant until the the 35-50 and 50+ year age groups are pooled 

together.  

 

   3.5.5 Summary of Between-Group Analyses: Shamanka II vs. Lokomotiv 

 When the Shamanka II and Lokomotiv samples are compared for non-metric trait 

incidences, the groups are again very clearly delineated. However, in the between-group 

comparisons of the Kitoi and ISG described above, no traits exhibit any overlap and every 

significant trait is consistently reflective of that particular group on every occasion in which it is 
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found to be significant. Though for the most part this is true as well in comparisons of the 

Shamanka II and Lokomotiv samples, Allen‟s fossa exhibits significant results in both samples 

depending on the comparison. This may be evidence that the hip hyperextension causing Allen‟s 

fossa was occurring in both groups of Kitoi and that they were both susceptible to the formation 

of this trait.  

 It is interesting to note that almost completely different traits exhibit significant results in 

between-group Kitoi and ISG comparisons than those exhibiting significant results in between-

group Shamanka II and Lokomotiv comparisons. Only one trait important in the former between-

group comparisons is also important in the latter (thoracic Schmorl‟s nodes). This suggests that 

there is an underlying genetic component to at least some of the traits exhibiting significant 

results between the Kitoi and ISG, and that there are differences in the degree of genetic 

distinction between the Kitoi and ISG and that between Shamanka II and Lokomotiv.  

 Most traits with significant results are more common in the Lokomotiv sample. For 

instance, preauricular sulcus is significantly more likely to be seen in the Lokomotiv in overall 

sample comparisons, as well as in between-group comparisons of the 20-35, >35, and 50+ year 

age groups, while also being close to significance in the male comparison. Circumflex sulcus is 

significantly more common in the Lokomotiv in the overall sample, as well as in the 20-35 year 

and <35 year age groups. Frequent spinal stress is indicated by the presence of both thoracic and 

lumbar Schmorl‟s nodes, which are significantly more common in the Lokomotiv in overall 

sample comparisons and between-group comparisons of the 20-35 and <35 year age groups. 

Mobility patterns also appear to be reflected in the incidences of Allen‟s fossa, Poirier‟s facet, 

and peritrochlear groove. Allen‟s fossa is significantly more common in the Shamanka II sample 

overall, as well as the 20-35 and <35 year age groups, than in the Lokomotiv sample, with the 

exception of the 35-50 year age group, in which it is significantly more common in Lokomotiv. 

Poirier‟s facet is also significantly more common in the Shamanka II sample than the Lokomotiv 

sample overall. Peritrochlear groove is significantly more common in the Lokomotiv sample 

overall, as well as between-group comparisons of males and the >35 year age group.  

 Facet form also plays a role in differentiating the two Kitoi cemeteries. The hourglass 

form of anterior/middle calcaneal facets is significantly more likely to be seen in Shamanka II 

overall, as well as in females relative to Lokomotiv females, while the continuous form of atlas 

facets is significantly more common in the overall Lokomotiv sample and 50+ year age group 
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than in Shamanka II. As the former facet is weight-bearing and the latter is not, these differences 

may suggest an influence of activity on the expression of different facet shapes. For the most 

part, the importance of hip, knee, and spinal traits with apparent activity-related influences 

suggests that both Shamanka II and Lokomotiv individuals lived a physically active lifestyle. In 

addition, the two Kitoi cemeteries appear to differ somewhat in the incidences of traits with less 

obvious activity-related influences, suggesting the visibility of some genetic influence in the 

expression of these traits and the possibility of slight differences in underlying genotype between 

the geographically-separated Kitoi cemeteries. 

 

3.6 Statistically Unimportant Traits 

 Many of the non-metric traits scored are not rare; in fact, many are quite common, but are 

not important in statistical analyses, either due to equitable presence across all samples and sub-

groups or to insufficient sample sizes. This applies to the following bilateral traits: bipartite 

anterior calcaneal facets, suprascapular notch, mamillary foramen, peroneal tubercle, accessory 

sacral/hip facets, posterior acetabular imprint, supratrochlear imprint, vastus notch, non-osseous 

tarsal coalition, and the medial forms of trochlear extension and tibial squatting facet.  Four 

midline traits to which this also applies are missing transverse process of L1, transitional 

lumbosacral vertebrae, sternal cleft, and posterior atlas bridging. The definitions used during the 

scoring of these traits and photos of them are found in Appendix C.  
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Chapter 4 

Discussion: Overall Differences in Non-Metric Trait Incidence  

 

 

4.1 Overall Population Differences 

   

   4.1.1 Overall Between-Group Comparisons  

 One trait whose incidences distinguish between the Kitoi and ISG in statistical analyses is 

septal aperture. The trait is significantly more likely to be found in the ISG than the Kitoi (in left 

side data), with incidences of 50% (12 out of 24) in left ISG humeri and 15% (17 out of 117) of 

left Kitoi humeri. The total incidence of septal aperture in all humeri observed is 39% (17 out of 

44) in ISG humeri and 13% (31 out of 240) in Kitoi humeri. This trait is a perforation in the bony 

septum between the coronoid and olecranon fossae of the distal humerus (Finnegan and Faust 

1974; Saunders 1978). The aperture can range in size from a pinhole to almost as large as the 

entire fossa, and two or more apertures can occasionally be present (Schwartz 1995:106). Some 

authors have suggested a genetic interpretation to septal aperture incidence, as the trait can 

demonstrate population differences in frequency (Morse 1969; Saunders 1978; St. Hoyme and 

Isçan 1989) and is also found in many species of carnivores, rodents, ungulates, and apes 

(Saunders 1978; St. Hoyme and Isçan 1989). However, theories implicating robusticity and joint 

mobility are better able to explain the consistent patterns seen in the expression of septal 

aperture, both in this research and in the literature as a whole. Thus, the differential expression of 

septal aperture between the Kitoi and the ISG may be indicative of population differences in 

skeletal robusticity.  

 Robusticity is associated with septal aperture incidence likely through the proposed 

mechanism by which the trait develops. It has been noticed that, in many cases of septal aperture, 

the tip of either the coronoid or olecranon process of the ulna will project through the aperture 

upon full flexion or extension of the rearticulated elbow joint (Saunders 1978, Benfer and 

Tappen 1968; Mays 2008). Thus, it has been proposed that intermittent pressure on the septum 

by the coronoid and/or olecranon processes of the ulna could result in resorption and perforation 

of the septum (Benfer and Tappen 1968; Mays 2008). It has been noted in the literature that 
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individuals having larger, more robust humeri are less likely to exhibit septal aperture (Benfer 

and Tappen 1968; Morse 1969; Saunders 1978). This is likely because septal thickness is 

positively correlated with robusticity of the humerus (Glanville 1967); more robust individuals 

tend to have thicker septa, which could make them less likely to develop the aperture or to 

maintain one if developed. The increased incidence of septal aperture in the ISG relative to the 

Kitoi suggests that the ISG had thinner septa and were thus less robust than the Kitoi. This 

matches well with previous BAP research noting a 35% reduction in humeral robusticity in both 

ISG males and females relative to the Kitoi (Stock 2010).  

 Skeletal robusticity refers to the massiveness and strength of a bony element (Stock 

2010). Mobility patterns can exert a strong influence on skeletal robusticity, with long bone 

diaphyseal strength correlating positively with mobility (Stock 2006). This influence likely acts 

through low-level strain in the course of habitual daily activities (Stock and Pfeiffer 2001). The 

reduction in humeral robusticity in both ISG males and females relative to the Kitoi noted by 

Stock (2010) suggests a decrease in intensity or frequency of biomechanical loading of the upper 

limbs. Upper body strength correlates highly with marine mobility (Stock 2006) and the habitual 

use of watercraft strongly influences upper limb robusticity in some populations (Stock and 

Pfeiffer 2001). The Kitoi population‟s lower likelihood of exhibiting septal aperture, and the 

high humeral robusticity that this reflects, could indicate that they more frequently utilized 

watercraft, or could be a reflection of some other type of increased physical labour with the 

upper body relative to the ISG (Stock 2010). Clearly, septal aperture appears to be a trait in 

which both genetic and biomechanical factors are interacting to affect trait expression through 

their influence on skeletal robusticity.   

 Another important trait for differentiating between the populations is the third trochanter, 

which is significantly more common in the ISG (in both left and right side data). The total 

incidence of third trochanter in all observable femora is 19% (eight out of 42) in the ISG and 3% 

(seven out of 248) in the Kitoi. There is significant disagreement and lack of consistency in the 

literature as to the definition of third trochanter. In order to score the trait in this study, the 

definition used by Finnegan and Faust (1974) and Finnegan (1978) was chosen, as it is precise 

with regards to the distinction between the third trochanter and an enlarged gluteal ridge, and 

these works are consistently used to define other traits in this research. The definition describes 

the third trochanter as a rounded bony tubercle located at the superior border of the gluteal ridge, 
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the ridge being a roughened area on the posterior lateral aspect of the femur, running from the 

base of the greater trochanter to the superior end of the linea aspera (White and Folkens 

2005:256). The definition differs from the other main group of definitions in that it specifies that 

the third trochanter forms instead of or above the gluteal ridge, and that it does not simply 

represent the gluteal ridge in a greater degree of development. In this research, care was taken to 

score third trochanters only if they were distinct tubercles with a relatively smooth surface and 

appeared distinct from simply a rough enlarged area of the gluteal ridge. Hrdlicka (1937) noted 

the difficulty that exists in distinguishing between a well-developed gluteal ridge and a 

minimally developed third trochanter (Hrdlicka 1937), so, unfortunately, it is likely that some 

observer error occurred with the documentation of this trait. In other studies, inter-observer error 

was documented as high as 16% (Saunders 1978).  

 Many researchers have suggested that the third trochanter is a site of attachment for the 

gluteal muscles, particularly gluteus maximus (e.g., Hrdlicka 1937; Schofield 1959; Kate 1962; 

Saunders 1978; Lozanoff et al. 1985; Schwartz 1995:129; Bolanowski et al. 2005). Some 

attempts have been made to associate the third trochanter with muscle activity and mobility, but 

these have provided mixed results. Saunders (1978) did not find any indication that the third 

trochanter correlated at all with femoral robusticity or muscular development, while Schofield 

(1959) mentioned that femora exhibiting third trochanters had slightly higher shaft robusticity, 

though no mention of statistical significance was made. Kate (1962) found the third trochanter to 

be associated with shorter, more slender, and lighter femora. However, Lozanoff and colleagues 

(1985) reported an association between the third trochanter and shorter, more robust femora, an 

apparent contradiction to the earlier finding.  

 A genetic background to the third trochanter is frequently suggested, particularly because 

the trait is very common, if not constant, in many mammals (Hrdlicka 1937; Saunders 1978; 

Saunders 1989; Schwartz 1995:129). As such, it has been suggested to be phylogenetic (Hrdlicka 

1937; Kate 1962; Saunders 1978). The third trochanter has been found in immature femora 

(Hrdlicka 1937; Lozanoff et al. 1985), further supporting a genetic origin. Bolanowski and 

colleagues (2005) suggested that the third trochanter is associated with a morphological shift in 

the superior femur and greater trochanter, but is not related to the general shape of the femur or 

diaphysis. They interpreted these findings as showing that third trochanter is not directly related 

to excessive terrestrial mobility. Rather, they suggested that it was likely an alteration in the 
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morphology or function of the gluteal muscles that led to the formation of the third trochanter. 

Third trochanter may then be a trait in which genetic factors affecting its expression are 

particularly visible in its increased likelihood of expression in the ISG relative to the Kitoi. 

However, its relationship to the gluteal muscles and their influence on its formation is still not 

well-understood, so it remains plausible that differential biomechanical factors may also be 

affecting trait expression between the populations. 

 The discrete form of trochlear notch is also important in discriminating between the Kitoi 

and ISG, being significantly more common in the ISG (in left side data). This form of trochlear 

notch is found in 29% (five out of 17) of observable left ISG ulnae and only 5% (five out of 107) 

of observable left Kitoi ulnae. Articular surface variations of the trochlear notch of the proximal 

ulna involve the degree to which the articular surface is indented or notched by non-articular 

bone (Saunders 1978; Schwartz 1995:111). Continuous facets were scored when there was no 

separation whatsoever between the articular surface of the olecranon part of the notch and that of 

the coronoid part of the notch. Hourglass facets were scored when a large notch of non-articular 

bone extended into the articular surface at approximately the point where the coronoid process 

began to widen (Schwartz 1995:111). Discrete trochlear notches were scored when a complete 

strip of non-articular bone separated the articular surface into two distinct zones. 

 There is some difficulty in assessing what the increased incidence of discrete trochlear 

notch in the ISG relative to the Kitoi actually represents. It could potentially indicate that an 

underlying genetic component is visible, but there is also some suggestion of a relationship 

between this trait and advancing age, cartilage degeneration, and osteoarthritis. Saunders (1978) 

hypothesized a relationship with both ageing and degenerative processes that will be discussed 

briefly in Chapter 5 (section 5.5.1). Her research also supported a contention by Yamaguchi 

(1972) that discrete notch may be related to osteoarthritis (degenerative joint disease). 

 Yamaguchi (1972) found a significantly higher incidence of bipartient facets in the ulnae 

of individuals with osteoarthritis than in those without. In order to examine the possible 

relationship with osteoarthritis, individuals scored for trochlear notch facet form were compared 

with data on this pathology from Lieverse (2005) and Lieverse and colleagues (2007a). Among 

the Kitoi, when all individuals scored for elbow osteoarthritis in Lieverse (2005) and Lieverse 

and colleagues (2007a) are compared to all individuals scored for trochlear notch form, there is 

no significant pattern seen. There are a total of 48 trochlear notches scored for facet form in the 
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Kitoi that were also scored for elbow osteoarthritis; eight are continuous, 30 are hourglass, and 

10 are discrete. No one form of facet is any more likely than any other to be associated with an 

elbow joint with osteoarthritis. 

 Among the ISG, when all individuals scored for elbow osteoarthritis in Lieverse (2005) 

and Lieverse and colleagues (2007a) are compared to all individuals scored for trochlear notch 

form, a significant pattern is seen. There are 27 trochlear notches scored that had also been 

scored for osteoarthritis: seven are continuous, 14 are hourglass, and seven are discrete. All 

seven of these discrete facets occur in an elbow joint with osteoarthritis. Discrete notches are 

significantly more likely to be paired with osteoarthritis than are hourglass trochlear notches 

(p<0.01) and their paring with continuous trochlear notches almost reaches significance 

(p=0.07).  

 It is unlikely that the presence of a discrete trochlear notch is causative of osteoarthritis, 

as a study by Eckstein and colleagues (1984) suggested that the pattern of load transmission in 

elbows with discrete trochlear notches is actually optimal for joint health. Load is transmitted 

around the periphery of the joint in elbows with discrete facets, while, in continuous and 

hourglass notches, load is transmitted more centrally through the depth of the notch. It does not 

appear likely that osteoarthritis is causative of a discrete trochlear notch either, as many 

individuals with osteoarthritis did not in fact exhibit discrete trochlear notches.  

 Interestingly, three of the nine Kitoi individuals exhibiting at least one discrete trochlear 

notch also have a pathological lesion associated with the upper limb in which the discrete 

trochlear notch is found. Shamanka II Burial 42-2 has a persistently dislocated/subluxated left 

shoulder and a healed left humeral shaft fracture. A discrete trochlear notch is present only in the 

damaged left arm of this individual, not in the non-pathological right arm. Neither elbow joint 

has osteoarthritis. Shamanka II Burial 29-1 has brachial plexus palsy of the right upper limb and 

does not have osteoarthritis in either elbow joint, but exhibits a discrete trochlear notch in the 

affected limb. Lastly, Lokomotiv 44-1 has a healed fracture of the left ulna and a discrete 

trochlear notch in the elbow joint of the affected side. This individual is the only one of the three 

to exhibit any elbow osteoarthritis.  

 However, it remains unclear what the association between discrete trochlear notch and 

both osteoarthritis and trauma might mean. The significantly greater incidence of discrete 

trochlear notch in the ISG relative to the Kitoi is likely some indication of the trait‟s underlying 
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genetic component. The presence of discrete trochlear notches in Kitoi upper limbs exhibiting 

evidence of trauma could suggest that an accompanying change in force distribution through the 

joint may affect notch form or this may simply reflect random chance. Some relationship to 

activity might be implied through the greater significance of the relationship of discrete trochlear 

notch to elbow joints with osteoarthritis than that of hourglass trochlear notch to such joints. 

Ultimately, further research is needed to more clearly delineate the factors affecting the 

expression of trochlear notch form and how they interact.  

 The remaining three traits that are important in distinguishing between the overall Kitoi 

and ISG samples all show much clearer evidence of the influence of an activity-related 

component on trait expression. One of these is vastus facet and it is significantly more common 

in the Kitoi (in right side data). It is found in 90% (87 out of 97) of left Kitoi patellae and 50% 

(four out of eight) of left ISG patellae. Vastus facet is an oval facet on the superior lateral angle 

of the patella (Saunders 1978). It was included as an occupational stress indicator by 

Pietrusewsky and Douglas (2002) and Capasso and colleagues (1998), due to a possible 

relationship with the vastus lateralis muscle. Vastus lateralis is the largest of the four muscles 

that make up the quadriceps femoris (Van De Graaf 2002). All four of these muscles share a 

common insertion on the patella via the patellar ligament and act in combination to extend the 

knee (Van De Graaf 2002). The vastus facet has been said to occur at the site of attachment of 

vastus lateralis (Saunders 1978). Its incidence can range in different populations but it is 

typically quite common, with frequencies close to 100% in Saunders‟ (1978) samples (Eskimo-

Aleut, Plains Arikara Indian, and Great Lakes Late Woodland Indian samples) and 83% in the 

Ban Chiang sample of Pietrusewsky and Douglas (2002).  

 The possible relationship of the vastus facet with the vastus lateralis muscle and 

quadriceps femoris is suggestive of a difference in activity patterns between the Kitoi and ISG 

populations. Osteoarthritis rates have suggested that Kitoi males were more frequently stressing 

their knees than ISG males (Lieverse et al. 2007a; see Chapter One, section 1.3). Interestingly, 

vastus facet rates between Kitoi and ISG males could reflect this difference in knee usage, as the 

facet is significantly more likely to occur in Kitoi males (92% or 54 out of 59) than ISG males 

(33% or two out of 6) (p<0.01). This will be discussed further in Chapter Five (section 5.2.2). 

Hyperflexion of the knee would be particularly strenuous during locomotion over hilly terrain 

and is consistent with the conclusion of other BAP researchers that the Kitoi, particularly males, 
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were more frequently walking across difficult, steep terrain while carrying heavy loads (Weber et 

al. 2002; Lieverse et al. 2007a; Stock 2010).  

 The last two traits that differentiate between the Kitoi and ISG are thoracic and lumbar 

laminar spurring. Thoracic laminar spurring is found in all 124 observable Kitoi and 91% (20 out 

of 22) of observable ISG, while lumbar laminar spurring is found in 90% (102 out of 113) of 

observable Kitoi and 71% (12 out of 17) of observable ISG individuals. Laminar spurring is 

scored as present when bony spurs are seen projecting superiorly from the superior laminal 

surface and/or inferiorly from the inferior laminal surface of either thoracic or lumbar vertebrae 

(McKern and Stewart 1957). Cervical vertebrae do not tend to exhibit laminar spurring and none 

is found in either the Kitoi or the ISG. Spurring occurs at the attachment points of the ligamenta 

flava (also termed subflava), elastic tissues running between the laminae of adjacent vertebrae 

and binding them together (Epstein 1976; Pietrusewsky and Douglas 2002). The ligamenta flava 

serve to inhibit excessive flexion (Schmorl and Junghanns 1971) and laminar spurring represents 

ossification of the attachments of these ligaments (Shore 1931).  

 Laminar spurring is found in high levels in all age groups, so it does not appear to be 

related to age, a suggestion that is supported in the literature (e.g., McKern and Stewart 1957; 

Pietrusewsky and Douglas 2002). Thoracic laminar spurring in particular is pervasive throughout 

both the Kitoi and ISG, regardless of sex or age. Incidence is higher in the thoracic region than 

the lumbar region, likely due to spinal curvature: weight transmitted down the vertebral column 

passes anterior to the vertebral bodies in the thoracic region (Shore 1931). This causes flexion of 

the thoracic region and separation of the vertebral arches, movement that is resisted by the 

ligamenta flava (Shore 1931). In contrast, the lumbar region is anteriorly convex, so weight is 

transmitted posterior to the vertebral bodies and causes the vertebral arches to be pushed closer 

together, reducing strain in the ligamenta flava (Shore 1931).  

 The carrying of weight also decreases the height of the disc space in both the thoracic and 

lumbar regions, changing the tension of all of the spinal ligaments and resulting in a loss of 

elastic tissue and ossification (Schmorl and Junghanns 1971). In addition, any activities 

involving repetitive flexion may cause ossification of the ligamenta flava and create laminar 

spurring. The ligamenta flava provide the majority of the vertebral column‟s initial resistance to 

flexion; the amount of resistance supplied by these ligaments decreases as degree of flexion 

increases (Adams et al. 1980). Thus, it is not likely massive degrees of forward bending that 
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causes laminar spurring, but more likely small degrees of strenuous and repetitive flexion 

accumulating over time to produce ossifications at the attachment sites of the ligaments. The 

significantly greater incidence of both types of laminar spurring in the Kitoi relative to the ISG 

suggest that the Kitoi were performing activities involving repetitive flexion and/or the carrying 

of weight more frequently than the ISG. Thoracic laminar spurring is also significantly more 

common in Kitoi males than ISG males (p<0.05), a finding that will be discussed further in 

Chapter Five (section 5.2.2). This information, combined with the importance of vastus facet in 

the Kitoi, especially males, relative to the ISG, may reflect frequent Kitoi hunting forays 

involving the carrying of heavy weight, and is again consistent with the conclusion of other BAP 

researchers that the Kitoi, particularly males, were more frequently walking across difficult, 

steep terrain while carrying heavy loads during their participation in these forays (Weber et al. 

2002; Lieverse et al. 2007a; Stock 2010).  

 

   4.1.2 Absent, Rare, and Most Common Non-Metric Traits 

 All traits that are absent, rare or particularly common in the Kitoi and ISG are listed in 

section 3.4.1 of Chapter Three; definitions of traits not observed are found in Appendix B, while 

definitions and photos of observed traits are found in Appendix C. Eleven traits are not observed 

at all in the Kitoi or ISG, eight are found in one or both populations, but very rarely, with 

incidences of 5% or less in both the Kitoi and ISG combined, and fourteen are considered very 

common, with incidences of 50% or more in each population. The incidences of all these traits in 

this research and, where possible, in the literature in general can be found in Table 4.1. 

 

Table 4.1 Absent, rare, and most common traits in the Kitoi and ISG  

 
          Trait                        Incidences         .  

      Kitoi                   ISG    Literature    Reference

 
   sternal aperture  0/21     0/6     4.5-7.7%     Yekeler et al. (2006) 

          McCormick (1981) 

          Cooper et al. (1988) 

          Moore et al. (1988) 

   supraclavicular foramen      0/200     0/31     0.04-1.6%   Saunders (1978) 

   (by side) 

   supracondyloid process       0/252     0/48      0.26-1%      Kumar & Mehta          

   (by side)         (2008) 

                    Pikula (1994) 
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Table 4.1 Absent, rare, and most common traits in the Kitoi and ISG (cont‟d) 

 
          Trait                        Incidences   .  

        Kitoi                ISG     Literature    Reference

 
   bipartite patella (by side)     0/182                  0/15     rare              George (1935) 

   open axis trans. foram.         0/73                   0/19               

   bifid ant. arch of atlas          0/89                    0/18              very rare      Saunders (1978) 

                    Geipel (1955)        

   cervical laminar spurring     0/113     0/15 

   cervical Schmorl‟s nodes 0/113     0/15  

   cervical spina bifida             0/113     0/15 

   thoracic spina bifida        0/124       0/22 

   lumbar spina bifida  0/113     0/17 

   suprasternal tubercle 2/44 (5%)       0/7     < 5%    Ogawa et al. (1979)  

                    Barnes (1994) 

   atlas occipitalization 2/93 (2%)    0/18     very rare      Macalister (1893) 

                    Morse (1969) 

   C3-C7 lateral bridging 2/73 (3%)    0/11      

   os trigonum (by side) 3/217 (1%)    0/13     2.5-14%       O‟Rahilly (1953) 

                    Wybenga et al. (2008) 

   subclavian facets (by side) 11/218 (5%)    0/34     rare           Lewis (1959) 

   os acromiale (by side)          1/160 (1%)         0/22             13%    Stirland (1991) 

   sacral spina bifida                6/92 (7%)           0/16   25%  Schmorl & Junghanns 

          (1971) 

          Barnes (1994) 

   spondylolysis                       3/106 (3%)         0/15  10-24% Merbs (1969) 

          Snow (1974) 

          Stirland (1991) 

   peroneal tubercle (by side)  106/139 (76%)   3/3 (100%)   common      Schwartz (1995):141 

   suprascap. notch (by side)    64/87 (74%)      18/25 (72%) 45.8%         Pietrusewsky &  

                    Douglas (2002)    

   bipartite trans. foram            54/80 (68%)      5/8 (63%) 14-17% Saunders (1978) 

   continuous atlas facets         131/180 (73%)  28/38 (74%)    

   (by side)       

   cont. ant/mid calc facets      121/239 (51%)  11/15 (73%)  

   (by side)    

   hg trochlear notch (by side) 139/209 (67%)   22/36 (61%)  

   circumflex sulcus (by side)  141/194 (73%)   21/33 (64%) 86%  Gray (1942) 

   thoracic laminar spurring 124/124 (100%) 20/22 (91%) common   Pietrusewsky & 

          Douglas (2002) 

   lumbar laminar spurring 102/113 (91%)   12/17 (71%) common Pietruewsky & 

          Douglas (2002) 

   lat. tibial squatting facet 171/215 (80%)   24/31 (77%) 93-96% Pietrusewsky &           

   (by side)         Douglas (2002) 

             Satinoff (1970) 
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Table 4.1 Absent, rare, and most common traits in the Kitoi and ISG (cont‟d) 

 
          Trait                         Incidences       .  

        Kitoi                 ISG    Literature    Reference

 
   vastus facet (by side) 168/182 (92%)   8/13 (62%)   83%  Pietrusewsky & 

          Douglas (2002) 

   vastus notch (by side) 115/179 (64%)   11/13 (85%) 75% males Molleson (2007b) 

   med. trochlear extension 166/213 (78%)   8/12 (67%)  11-79%  Pietrusewsky &  

   (by side)         Douglas (2002) 

          Gaherty (1970) 

          Barnett (1954) 

          Satinoff (1972) 

   lat. trochlear extension 167/216 (77%)   12/13 (92%) 17-90% Pietrusewsky & 

   (by side)         Douglas (2002) 

          Barnett (1954) 

          Satinoff (1972) 

 
  incidences given are by side where indicated, all other incidence are by individual 

 

 The eleven traits that are not observed at all are very rare in the literature and their 

absences in the Kitoi and ISG are likely due largely to this extreme rarity. Thus, they do not 

provide much insight other than to add to the body of literature on population non-metric trait 

incidences. These traits are sternal aperture, supraclavicular foramen, supracondyloid process, 

bipartite patella, open transverse foramen of the axis, cervical Schmorl‟s nodes, cervical laminar 

spurring, cervical spina bifida occulta, thoracic spina bifida occulta, lumbar spina bifida occulta, 

and bifid anterior arch of the atlas. The eight traits considered rare, with incidences of 5% or less, 

were only observed in the much larger Kitoi sample. This is likely a reflection of sample size 

rather than a populational difference. No significant sex or age differences can be discerned in 

any of these five traits, due to the small sample sizes. These traits are suprasternal tubercle, atlas 

occipitalization, C3-C7 lateral bridging, os trigonum, sacral spina bifida occulta, os acromiale, 

spondylolysis, and subclavian facets.  

 Three of these rare traits (os acromiale, sacral spina bifida occulta, and spondylolysis) 

have well-supported relationships to both underlying genotype and external environmental 

factors that affect their incidences. Os acromiale is an unfused epiphysis of the acromion 

(Sammarco 2000). This is not just a normal apophysis that has not fused, but an entirely separate 

condition that can be differentiated by examining the joint line. In os acromiale, the joint is clear 

and linear, with subchondral bone visible (Sammarco 2000; Case et al. 2006; see images in 
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Appendix C), while in a normal unfused epiphysis, this joint is jagged and rough (Sammarco 

2000). Os acromiale is found in only one individual, a Kitoi male in the 35-50 year age group 

from Lokomotiv (Burial 8-1) and thus was not included in statistical analyses. The affected side 

is the right, but it is unknown whether or not the individual is affected bilaterally as the left side 

is unobservable. The unfused acromial epiphysis was either not recovered or has been lost.  

 Spina bifida occulta was divided by region of the spine into four separate traits for this 

research: cervical, thoracic, lumbar, and sacral spina bifida occulta. The first three were not 

observed in either the Kitoi or the ISG. The trait was scored when there was any failure of the 

two sides of the posterior vertebral arch to fuse completely at the midline (Schmorl and 

Junghanns 1971; El-Najjar and McWilliams 1978; Turkel 1989; Schwartz 1995:82). Spina bifida 

occulta is the least serious type of spina bifida and is the one most typically found in prehistoric 

skeletal populations (Morse 1969; Barnes 1994). Spina bifida occulta in the first sacral segment 

was the most common form of this trait in research by Saunders (1978); prevalence in the sacrum 

in general is quite high in the literature (Schmorl and Junghanns 1971; Barnes 1994). The sacrum 

is the only area of the vertebral column that exhibits any failure of fusion of the posterior neural 

arch in these populations and incidences are very low.  

 Lastly, spondylolysis is a condition in which the neural arch of a vertebra separates from 

the vertebral body, either unilaterally or bilaterally, between the superior and inferior articular 

processes at the pars interarticularis (El-Najjar and McWilliams 1978; Saunders 1978). Because 

the pars interarticularis is located between the superior and inferior articular processes, it is 

subject to stresses that act upon them (Schmorl and Junghanns 1971). Thus, individuals with 

large superior and inferior articular processes and narrow partes interarticularis will be 

particularly vulnerable to spondylolytic defects (Merbs 1969). These vertebral characteristics are 

inherited (Larsen 1997:191). Even with a vertebral shape that predisposes one to spondylolytic 

defects, sufficient mechanical stress of certain types is required (Larsen 1997:191). 

Spondylolysis is thought to develop in a gradual fashion in response to strenuous and repetitive 

activity that loads the lumbar spine (Stewart 1953; Larsen 1997:191; Mays 2006), for instance 

certain types of postures, such as simply being erect (Merbs 1969, 1996; Larsen 1997:190) or 

sitting with legs extended out in front (Merbs 1969), and sports involving repetitive 

hyperextension and rotation of the lumbar spine (Merbs 1989; Soler and Calderón 2000; Rossi 

and Dragoni 2001).  
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 In this research, spondylolysis is found in only three individuals, all young ones, two that 

are female and one of undetermined sex. It occurs bilaterally in one Lokomotiv (36-1) female 

aged 20-35 years, whose vertebral arch is missing completely, and unilaterally on the left in two 

Shamanka II individuals, one (Burial 11-1) female aged 15-20 years and one (Burial 21-3) 

individual of unknown sex aged between 16-18 years and included in the 15-20 year age group. 

In Lokomotiv Burial 36-1, the affected vertebra could only be narrowed down to either L2 or L3, 

while in Shamanka Burials 11-1 and 21-3, the affected vertebrae are both L1. Spondylolysis is 

typically found lower in the lumbar region, for instance in L4 and L5 (Epstein 1976; Saunders 

1978).  

 With bilateral spondylolysis, the vertebral body is no longer anchored to the arch 

properly and it can slide anteriorly, resisted only by the surrounding connective tissues (Merbs 

1969). When this slippage occurs, it is termed spondylolisthesis. The movement of the body can 

disturb the intervertebral disks and cause osteophyte development on the anterior margins of the 

body (Merbs 1983). Spondylolisthesis can be difficult to determine in archaeological remains, as 

it generally requires rearticulation of the vertebrae or the matching of osteophytes on adjacent 

vertebrae (Merbs 1969; Merbs and Euler 1985). Lokomotiv Burial 36-1 exhibits bilateral 

spondylolysis, with complete separation of the vertebral arch. This individual also exhibits 

significant osteophyte development on the anterior inferior margin of the vertebral body, which 

could be indicative of spondylolisthesis. However, there is no osteophytic development on the 

superior margin, something that would be expected with this condition. The pattern seen is more 

consistent with what one would expect simply from the way in which complete bilateral 

separation alters stress transmission through the vertebra. In these instances, the extra stress is 

taken up by the intervertebral disks and longitudinal ligaments, leading to pronounced 

osteophytic development located particularly on the inferior margin of the articulation (Merbs 

1969). This could explain the pattern of osteophytes seen in Lokomotiv Burial 36-1. In 

Shamanka II Burials 11-1 and 21-3, the separations are unilateral, with a clear linear cleft in the 

left pars interarticularis and smooth opposing edges in both cases. Unilateral separations are 

usually the result of asymmetrical joint movement or vertebral arch defects (Merbs 1969). 

Interestingly, Shamanka II Burial 11-1 also exhibited congenital fusion of her T2-T3 vertebral 

arches. 
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 That spondylolysis is not found in the ISG is almost certainly due to the small ISG 

sample size, as there are only 15 observable individuals. Its presence in the Kitoi indicates that a 

certain genetic predisposition to vulnerable vertebral shapes is present, in addition to the 

performance of activities stressing the lumbar spine area. Because the only individuals exhibiting 

the trait are young females, the mechanical stress is not likely to have been associated with 

hunting; perhaps they were performing other activities that may have stressed the spine, like 

carrying objects or adopting a certain resting or working posture.  

 The fourteen traits considered quite common in this research, with incidences of 50% or 

more in each population are peroneal tubercle, suprascapular notch, bipartite transverse foramen, 

continuous atlas facets, continuous anterior/middle calcaneal facets, hourglass trochlear notch, 

circumflex sulcus, thoracic laminar spurring, lumbar laminar spurring, vastus facet, vastus notch, 

lateral tibial squatting facet, medial trochlear extension, and lateral trochlear extension. Three of 

these common traits were examined in greater detail, due to their demonstrating differences other 

than simply presence or absence. In analyses of peroneal tubercle size (see Chapter Three section 

3.4.1), significant relationships to sex and age may indicate a relationship between use of the 

peroneus brevis and longus muscles and tubercle size. In fact, many of the tubercles had enlarged 

in a linear fashion consistent with the direction of the peroneus brevis and longus tendons as they 

pass this area. An example of a very large linear peroneal tubercle, which also exhibits a slight 

inferior groove, is presented in Figure 4.1. Another of these tubercles is presented in Figure 4.2. 

 

 
Figure 4.1 Example of a large linear peroneal tubercle, which also exhibits a slight inferior 

groove for the tendon of peroneus longus (Shamanka II Burial 22-1, left calcaneus, lateral view) 
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Figure 4.2 Inferior view of a large linear peroneal tubercle exhibiting a clear groove (Shamanka 

II Burial 23-5, left calcaneus, inferior view) 

 

In this latter case the tubercle is again very large and it has clearly taken on the shape of a 

semicircular groove for one of the peroneal tendons 

 Given this apparent relationship of the size and shape of peroneal tubercles with sex and 

age, it appears likely that there exists an underlying genetic tendency to either express the trait or 

not and an activity-related influence on the degree of its expression. The specific patterns in size 

of peroneal tubercle by sex and age group may indicate that Kitoi males and the older age 

groups, particularly individuals aged 35-50 years, were more often doing activities that involved 

the use of peroneus brevis and longus (namely plantarflexion or eversion of the foot) than were 

females or the younger age groups. These activities may have involved walking on uneven, steep 

terrain during the food acquisition trips that appear to be supported by incidences of vastus facet 

and thoracic and lumbar laminar spurring described above in section 4.1.1.  

 In analyses of suprascapular notch depth (see Chapter Three section 3.4.1), significant 

population differences were seen in the size of suprascapular notch, with the ISG more 

frequently exhibiting deep notches and the Kitoi more frequently exhibiting shallow notches, 

regardless of sex or age. This lack of relationship to sex and age suggests that the depth of 

suprascapular notch is probably not strongly influenced by non-genetic factors such as activity 
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patterns. Depth of the notch may largely be reflecting an underlying genetic tendency that is 

suggestive of a populational difference. For instance, it is possible that the prevalence of deep 

notches in the Kitoi relative to the ISG could be relative to the former‟s greater upper limb 

robusticity, suggested by Stock (2010) and supported by the incidences of septal aperture 

described in section 4.1.1 above.  

 Analyses of bipartite transverse foramina (see Chapter Three section 3.4.1) found 

significantly higher incidences of complete bridges than spurs in C5 and C6 vertebrae in the 

Kitoi and C6 vertebrae in the ISG. These results could indicate that both the Kitoi and ISG had 

slightly larger vascular diameter or an increased tendency to form excess bone when compared to 

other populations examined for this trait in the literature.  

 There are several non-metric traits that are neither very rare nor very common and were 

not important in statistical analyses as representative of one population, cemetery, side,  

sex, or age group more than any other. These are missing transverse process of L1, bipartite 

anterior calcaneal facets, sternal cleft, posterior atlas bridging, suprascapular notch (overall 

incidence regardless of depth), mamillary foramen, peroneal tubercle (overall incidence 

regardless of size), accessory sacral/hip facets, posterior acetabular imprint, supratrochlear 

imprint, vastus notch, non-osseous tarsal coalition, medial trochlear extension, medial tibial 

squatting facet, and transitional lumbosacral vertebrae. Incidences of these traits among the Kitoi 

and ISG are included in Table 4.1 above and definitions with photos are found in Appendix C.   

 It is important to note that, in this research, both sacralization and lumbarization were 

included in the scoring of transitional lumbosacral vertebrae, as they can sometimes be difficult 

to distinguish and may require the vertebrae from each section to be counted (Schmorl and 

Junghanns 1971). This was not possible in most individuals in this research, due to preservation 

issues. The L5-S1 transition is where transitional vertebrae are most common and this area 

undergoes significant strain, as it is where the mobile spinal column connects to the fixed sacrum 

(Schmorl and Junghanns 1971). In sacralization, the last lumbar vertebra has either unilateral or 

bilateral adaptations to the sacrum, particularly with regards to the vertebral arches and 

transverse processes, but the vertebral body may also become incorporated into the sacrum 

(Schmorl and Junghanns 1971). Lumbarization is characterized by the significant separation of 

the first sacral segment from the main body of the sacrum, with the element assuming the shape 

of the last lumbar vertebra and the lateral masses not forming properly (Schmorl and Junghanns 
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1971). Both sacralization and lumbarization are believed to have a very strong genetic tendency 

(Barnes 1994; Pietrusewsky and Douglas 2002). 

 Two traits, Charles‟ facet and Martin‟s facet, were removed from statistical analyses due 

to uncertainty in their scoring. Charles‟ facet was removed due to confusion that arose with 

respect to its location and relationship to the gastrocnemius muscle. This trait was first described 

as a prolongation of the condylar surface on the superior posterior margin of the medial femoral 

condyle (Charles 1893). Since this original description, it has been described as occurring 

posterior and superior to the medial epicondyle (Kostick 1963; Kennedy 1989), occurring on the 

adductor tubercle (Pietrusewsky and Douglas 2002), extending to the adductor tubercle (Kostick 

1963; Kennedy 1989), or extending towards the attachment for the medial head of gastrocnemius 

(Schofield 1959). It has also been described as an extension of the medial articular surface of the 

medial condyle superiorly (Schofield 1959) or as a separate facet whose cartilage is merely 

continuous with this condyle (Kostick 1963), or as not being part of the articular surface at all 

(Trinkaus 1975). It is also unclear what the relationship of Charles‟ facet is with the 

gastrocnemius muscle origin or bursa. It has been described as being part of the gastrocnemius 

bursa (Kostick 1963; Kennedy 1989), as being an extension of articular cartilage towards the 

origin of the gastrocnemius (Schofield 1959), or as being itself the origin of the gastrocnemius 

muscle (Regnault 1898; Genna 1933; Trinkaus 1975; Capasso et al. 1999).  

 This trait was originally included in the list of traits to be scored in case it was related to a 

squatting posture. Charles‟ facet has been related to knee hyperflexion, though the involvement 

of a squatting posture is disputed. Some authors suggesting involvement of squatting are Charles 

(1893), Klaatsch (1900), and Angel (1946). However, others (e.g. Regnault 1898; Virchow 1900; 

Parsons 1914; Huard and Montagne 1950; Lisowski et al. 1957; Capasso et al. 1999) note that, in 

extreme hyperflexion, the tibia and femur do not contact at this point and that there is no 

evidence for an association with squatting.  

 The other trait that was removed was Martin‟s facet. This is a crescent-shaped facet 

formed by the extension of the articular surface of the trochlear groove of the femur over the 

lateral trochlear margin and onto the femoral condyle (Kostick 1963; Kennedy 1989). During 

flexion of the knee, the patella and tendon of vastus lateralis are displaced laterally, where the 

tendon then puts pressure directly on the area of Martin‟s facet (Capasso et al. 1999). The trait 

was removed from statistical analyses, not due to an unclear definition but due to two other 
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factors. Firstly, because the lateral trochlear margin projects more anteriorly than the medial 

margin, it tended to be more easily damaged with cortical bone missing. This made it difficult to 

properly observe the area of Martin‟s facet in many instances during data collection.  

 Secondly, in some of the individuals who are observable for the trait, there is a bony lip 

in the area of Martin‟s facet. In these instances, a small portion of the superolateral trochlear 

surface has extended out laterally; the articular surface does not curve around the trochlear 

margin as in Martin‟s facet, but projects straight out laterally as a little lip (see Figure 4.3). These  

  

 
Figure 4.3 Lipping of the lateral trochlear margin that caused confusion when attempting to score 

Martin‟s facet (Shamanka II Burial 63-1, right femur, anterolateral view) 

 

bony lips were not expected, descriptions had not been encountered in the literature prior to data 

collection, and they were not part of the definition of Martin‟s facet. In fact, several authors 

referred specifically to a beveled and rounded appearance of the normally sharp trochlear margin 

in this area with Martin‟s facet (e.g. Kostick 1963; Capasso et al. 1999). A probable Martin‟s 

facet is presented in Figure 4.4 and the difference between the bony lip and the rounded edge 

typical of Martin‟s facet is readily evident.  
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Figure 4.4 A probable example of Martin‟s facet (Shamanka II Burial 74-1, right femur, 

anterolateral view) 

 

 Because these little bony lips do not appear to represent Martin‟s facet and are potentially 

some type of osteoarthritic response, they were recorded during data collection only 

once they began to appear more frequently and always in the same location. The bony lips were 

noted on data score sheets for 16 individuals, 13 from Shamanka II and four from Lokomotiv. It 

is possible other individuals may have exhibited them but they were not recorded. Significant sex 

and age preferences exist in the expression of bony lips in these 16 individuals. Lips are most 

common in males and in the middle age groups (significant results are summarized in Table A7). 

It appears plausible that the bony lips could be related to knee flexion for several reasons. All 

recorded bony lips are located on the superolateral margin of the trochlear groove, where the 

vastus lateralis tendon and/or patella exert pressure as they move laterally during knee flexion. In 

addition, the bony lips are significantly more likely to be found in males and in young and 

middle adults, the sex and ages one would expect to be most frequently undertaking long food 

acquisition trips involving walking in difficult, steep terrain while carrying heavy loads.  

 

4.2 Overall Differences Between the Kitoi Cemeteries of Shamanka II and Lokomotiv 

 

    4.2.1 Overall Between-Group Comparisons 

 Analyses of mtDNA have confirmed that individuals interred at the Shamanka II and 

Lokomotiv cemeteries were biological related (Mooder et al. 2010). However, these two Kitoi 
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cemeteries are quite geographically separated, so it is possible that differences may have arisen 

in behaviour and activity patterns that could be reflected in non-metric trait incidences. When 

interpreting results, it is important to keep in mind that 45% of individuals of known sex from 

the Lokomotiv sample used were females, compared to only 27% at Shamanka II, a significant 

difference (p<0.05). This may have affected results of overall differences between the two 

cemeteries in the case of traits that exhibited significant relationships to the female sex in within-

group sex analyses.  

 One trait the incidences of which distinguish between the Shamanka II and Lokomotiv 

samples in statistical analyses is preauricular sulcus. Preauricular sulcus is significantly more 

common in Lokomotiv individuals (in both left and right side data) and is observed in 72% (62 

out of 93) of all Lokomotiv ossa coxae and only 41% (51 out of 124) of all Shamanka II ossa 

coxae. Though preauricular sulcus has been considered as primarily a female trait in the 

literature (Bass 1971), it can actually be present in any individual having a strong ventral sacro-

iliac ligament and undergoing some degree of normal pelvic widening during growth, including 

males (St. Hoyme 1984; St. Hoyme and Isçan 1989). The appearance of the sulcus varies widely, 

ranging from a shallow, smooth, and narrow groove to a large, deep groove with a pitted floor 

(Houghton 1974). In statistical analyses, preauricular sulcus is expressed much more frequently 

in females than males within both populations and all cemetery samples, significantly so in all 

but the ISG sample. Thus, its representation of Lokomotiv probably has more to do with the high 

percentage of females in this cemetery sample than anything else. For an examination of within-

group sex differences in preauricular sulcus, see Chapter Five (section 5.2.1).  

 Another trait that is significantly more likely to be found in the overall Lokomotiv sample 

(in right side data) is the continuous form of atlas facets. This is another trait that may be 

reflecting the higher number of females in the Lokomotiv sample, as it is expressed more 

frequently in females than males within the Kitoi and Shamanka II samples. Ninety-three percent 

(25 out of 27) of Lokomotiv right atlas facets and 69% (44 out of 64) of Shamanka II right atlas 

facets are continuous. Circumflex sulcus is also significantly more likely to occur in the 

Lokomotiv sample overall (in right side data) and is found in 85% (35 out of 41) of Lokomotiv 

right scapulae and 65% (39 out of 60) of Shamanka II right scapulae. A circumflex sulcus is 

thought to be related to increased scapular and/or artery size causing impingement and eliciting a 



  71 

bony reaction (Saunders 1978). This result could indicate a difference between the cemeteries in 

upper limb robusticity and consequently upper limb mechanical loading.  

 A further five traits exhibit significant results that indicate high levels of locomotion, 

particularly in steep terrain, and stress on the spine in both groups of Kitoi. These are Allen‟s 

fossa, Poirier‟s facet, peritrochlear groove, thoracic Schmorl‟s nodes, and lumbar Schmorl‟s 

nodes. Allen‟s fossa is significantly more likely to be found in Shamanka II femora than 

Lokomotiv femora (in both left and right side data), with incidences of 30% (36 out of 119) in 

the former and only 4% (three out of 79) in the latter. Poirier‟s facet is also significantly more 

likely to be expressed in Shamanka II femora (in left side data), with incidences of 49% (27 out 

of 55) of left Shamanka II femora and 23% (10 out of 43) of left Lokomotiv femora.  

 Allen‟s fossa is a depressed, eroded area of bone on the anterosuperior femoral neck near 

the articular surface of the head (Saunders 1978). The fossa may range in size, but trabeculae are 

always visible, due to the elimination of the overlying cortical bone (Finnegan and Faust 1974). 

Poirier‟s facet is an extension of articular cartilage from the head of the femur onto the anterior 

femoral neck (Odgers 1931) and can actually be found concurrently with Allen‟s fossa. The 

greatest consensus as to the cause of these two traits involves their relationship with the 

traversing of steep terrain and the rapid descent of steep slopes (Meyer 1924; Odgers 1931; 

Angel 1959, 1960, 1964; Kostick 1963; Capasso et al. 1999). This is due to the interactions 

between the hip joint capsule, the femoral neck, and the iliofemoral ligament during full hip 

extension.  

 The hip joint capsule consists of both longitudinal and circular fibers, the latter of which 

are located more deeply, collaring the femoral neck circumferentially (Platzer and Kahle 

2004:198; Clemente 2010:264). These make up the zona orbicularis that helps to maintain 

stability of the femoral head in the socket (Platzer and Kahle 2004:198). The zona orbicularis 

takes the form of a flat cord that winds very closely around the femoral neck, with the exception 

of the point at which it crosses the upper portion of the iliofemoral ligament (Angel 1964). At 

this crossing point, the zona will typically split, with one segment going through the iliofemoral 

ligament and completely encircling the femoral neck, and the other segment joining the lower 

portion of the iliofemoral ligament (Angel 1964). 

  The iliofemoral ligament is an extremely strong ligament located externally to the zona 

orbicularis that serves to limit extension of the hip joint (Clemente 2010:264). It is shaped like an 
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inverted Y, with its lateral portion twisted up tightly like a screw (Platzer and Kahle 2004:200). 

In vigorous downhill walking or running, the hip joint enters full extension (Angel 1959, 1960, 

1964), which causes the iliofemoral ligament to become taut (Kostick 1963; Peterson et al. 

2008:86) and the joint capsule to undergo torsion (Fuss and Bacher 1991). The twist of the 

iliofemoral ligament against the acetabular margin causes the zona orbicularis to be screwed 

tightly and to surround the femoral head and neck like a valve (Odgers 1931; Capasso et al. 

1999). This exerts significant pressure on the underlying bone (Fuss and Bacher 1991), 

particularly at the site where the largest concentration of zona orbicularis fibers splits to join the 

iliofemoral ligament (Angel 1964). Both Allen‟s fossa and Poirier‟s facet lie directly underneath 

this area, and it is where maximum friction occurs during the tightening of the joint capsule in 

hip extension (Angel 1964). Capsular pull in this area is thought to initiate an inflammatory 

reaction in the underlying bone that, in the case of Allen‟s fossa, may cause the erosion of the 

cortical bone and the formation of a fossa (Angel 1960).  

 Hip extension is part of a „bent-knee gait‟ (Angel 1960) typical of downhill walking. The 

vastus facet, which represented the Kitoi above, may also reflect this bent-knee gait. Lokomotiv 

individuals show evidence of having been mobile in steep terrain as well. Peritrochlear groove is 

significantly more likely to occur in Lokomotiv femora (in both left and right side data), being 

present in 33% (15 out of 46) of Lokomotiv femora and only 7% (six out of 86) of Shamanka II 

femora. It occurs when the medial margin of the trochlear surface of the distal femur is raised, 

forming the edge of a groove for the periarticular vessels (Kostick 1963). It may be related to 

flexion of the knee and extension of the hip from prolonged standing or walking (Kostick 1963). 

These movements would be typical of the „bent-knee gait‟ (Angel 1960) associated with 

downhill walking.  

 Incidences of thoracic and lumbar Schmorl‟s nodes in Lokomotiv individuals also 

provide evidence of activity patterns. Thoracic Schmorl‟s nodes are significantly more common 

in Lokomotiv and are found in 39% (10 out of 26) of Lokomotiv individuals and 8% (three out 

of 40) of Shamanka II individuals. Lumbar Schmorl‟s nodes are also significantly more common 

in Lokomotiv; these are found in 48% (10 out of 21) of Lokomotiv individuals and 20% (eight 

out of 41) of Shamanka II individuals. Both thoracic and lumbar Schmorl‟s nodes have been 

shown to have large genetic contributions due to the heritability of disc degeneration (Williams 

et al. 2007). Under conditions of intense physical activity (Jiménez-Brobeil et al. 2010), long-
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term loading of the spine through heavy work and the lifting of heavy objects (Capasso et al. 

1999, Ustündag 2009), torsional movements under strain (Dar et al. 2010), and generalized stress 

(Schmorl and Junghanns 1971), an individual who is predisposed to disc breakdown may 

experience accelerated degenerative change, nucleus pulposus herniation, and the subsequent 

formation of Schmorl‟s nodes (Williams et al. 2007). Degeneration associated with trauma 

(Schmorl and Junghanns 1971; Stirland 1991; Ustündag 2009) and/or congenital factors 

(Schmorl and Junghanns 1971) may also be implicated. All of the above factors likely have the 

most pronounced effect on Schmorl‟s node formation if they occur at a young age, as the nodes 

are thought to form in adolescence (Jiménez-Brobeil et al. 2010).  

 One last trait, the hourglass form of anterior/middle calcaneal facets, is important in 

distinguishing the Shamanka II sample from the Lokomotiv sample. Hourglass facets are 

significantly more likely to be found in Shamanka II calcanei (in left side data) than Lokomotiv 

calcanei. They are present in 37% (27 out of 73) of left Shamanka II calcanei and 19% (eight out 

of 42) of left Lokomotiv calcanei. There may be a genetic contribution to facet form, as the 

variations in the form of these facets exhibit populational differences in the literature (e.g., 

Hrdliçka 1916; Bunning and Barnett 1965; Gaherty 1970; Gupta et al. 1977) and a genetic origin 

has been suggested (Bunning 1964; Bunning and Barnett 1965; Saunders 1978). In addition, 

work on fetal material has shown that population and sex differences in the form of the superior 

articular calcaneal facets that are typically seen in adults are also seen in fetal material from the 

same populations, strongly indicating genetic determination (Bunning 1964; Bunning and 

Barnett 1965).  

 However, Trinkaus (1975) suggested a possible mechanical hypothesis as an influence on 

anterior/middle calcaneal facet form. He suggested that increased pressure on the subtalar 

articular surfaces caused by hyperflexion and pronation of the ankle under mechanical loading 

could cause the articular facets to expand, partially or completely fusing together. Wagner and 

colleagues (1992) found that the anterior/middle calcaneal facets carried more force per unit area 

and averaged higher overall joint pressure than did the posterior facet under axial load. In 

addition, Sangeorzan (1991a) noted that there is a large amount of variation in the movement of 

the talocalcaneal joint when it is under load, so it may be possible for this variation to result in 

differences in the expression of facet form within each cemetery. The evidence for a mechanical 

influence on facet shape is not unequivocal, but it could indicate that there was differential 
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mechanical loading between the two cemeteries or a difference in the movement of the 

talocalcaneal joints under load. At this time, more research is needed into the factors affecting 

superior calcaneal facet form, but the evidence of a multifactorial etiology is intriguing.  

 Results of between-group analyses of the overall Shamanka II and Lokomotiv samples 

indicate high levels of physical activity in both groups. This is not unexpected, as evidence from 

osteoarthritis rates (Lieverse et al. 2007a), musculoskeletal stress markers (Lieverse et al. 2009), 

and skeletal robusticity (Stock 2010) suggested that the Kitoi, composed of individuals from both 

Shamanka II and Lokomotiv cemeteries, were frequently walking in difficult, steep terrain while 

carrying heavy loads (see Chapter One section 1.2). This activity pattern appears to be supported 

here, with evidence of hip hyperextension, knee hyperflexion, and physical strain on the spine. 

Results also indicate several traits in which underlying genetic factors and environmental and 

development factors may all be interacting to affecting trait expression.  

 

 4.2.2 Absent, Rare and Most Common Non-Metric Traits 

 All traits that are absent, rare or particularly common in the Shamanka II and Lokomotiv 

samples are listed in section 3.5.1 of Chapter Three; definitions of traits not observed are found 

in Appendix B, while definitions and photos of observed traits are found in Appendix C. The 

following traits are absent in the Shamanka II and Lokomotiv samples and were all previously 

mentioned in section 4.1.2 above: sternal aperture, supraclavicular foramen, supracondyloid 

process, bifid anterior arch of the atlas, axis transverse foramen open, bipartite patella, cervical 

Schmorl‟s nodes, cervical laminar spurring, cervical spina bifida, thoracic spina bifida, and 

lumbar spina bifida. The most rare and most common traits were also all previously discussed in 

section 4.1.2 above as well. These were atlas occipitalization, C3-C7 lateral bridging, os 

trigonum, suprasternal tubercle, subclavian facets, sacral spina bifida, os acromiale, 

spondylolysis, circumflex sulcus, continuous atlas facets, hourglass trochlear notch, 

suprascapular notch, bipartite transverse foramina, peroneal tubercle, thoracic and lumbar 

laminar spurring, continuous anterior/middle calcaneal facets, vastus notch, vastus facet, lateral 

tibial squatting facet, medial trochlear extension, and lateral trochlear extension. The incidences 

of all of these traits in the Shamanka II and Lokomotiv samples, as well as in the literature when 

possible, are presented in Table 4.2. 

 



  75 

Table 4.2 Absent, rare, and common traits in the Shamanka II and Lokomotiv samples 

 
          Trait                         Incidences         . Literature Reference 

    Shamanka II  Lokomotiv 

 

 
  sternal aperture  0/17   0/6   4.5-7.7%     Yekeler et al. (2006) 

          McCormick (1981) 

          Cooper et al. (1988) 

          Moore et al. (1988) 

  supraclavicular foramen 0/129   0/89   0.04-1.6%   Saunders (1978) 

  (by side) 

  supracondyloid process 0/133   0/107   0.26-1%      Kumar & Mehta          

  (by side)         (2008)  

          Pikula (1994) 

  bipartite patella (by side)      0/114                 0/68     rare              George (1935) 

  open axis trans. foram.         0/50                   0/23               

  bifid ant. arch of atlas           0/63                   0/26              very rare      Saunders (1978) 

                    Geipel (1955)        

  cervical laminar spurring     0/73    0/40 

  cervical Schmorl‟s nodes     0/73    0/40  

  cervical spina bifida             0/73    0/40 

  thoracic spina bifida            0/71      0/53 

  lumbar spina bifida            0/65    0/48 

  suprasternal tubercle            1/25 (4%)      1/19 (5%)    < 5%    Ogawa et al. (1979)  

                    Barnes (1994) 

  atlas occipitalization            1/65 (2%)   1/28 (4%)    very rare      Macalister (1893) 

                    Morse (1969) 

  C3-C7 lateral bridging         2/58 (3%)   0/15       

  os trigonum (by side)         3/146 (2%)   0/71     2.5-14%       O‟Rahilly (1953) 

                    Wybenga et al. (2008) 

  subclavian facets (by side) 5/129 (4%)   6/89 (7%) rare           Lewis (1959) 

  sacral spina bifida occulta 3/53 (6%)   3/39 (8%)      25%           Schmorl & Junghanns 

          (1971) 

                Barnes (1994) 

  os acromiale (by side) 0/105    1/55 (2%)      13%       Stirland (1991) 

  spondylolysis                       1/65 (2%)        1/41 (2%)      10-24% Merbs (1969) 

          Snow (1974) 

          Stirland (1991) 

  peroneal tubercle (by side)   72/94 (77%)      34/45 (76%)   common      Schwartz (1995):141 

  suprascap. notch (by side)    45/62 (74%)      19/25 (76%)  45.8%         Pietrusewsky &  

                    Douglas (2002)    

  bipartite trans. foram            39/59 (66%)      15/21 (71%) 14-17% Saunders (1978) 

  continuous atlas facets         86/128 (67%)    45/52 (87%)    

  (by side)       
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 Table 4.2 Absent, rare, and common traits in the Shamanka II and Lokomotiv samples (cont‟d) 

 
          Trait                         Incidences         . Literature Reference 

    Shamanka II  Lokomotiv 

 

 
  cont. ant/mid calc facets       74/149 (50%)   47/90 (52%)  

  (by side)    

  hg trochlear notch (by side) 83/121 (69%)   56/89 (63%)  

  circumflex sulcus (by side)  79/117 (68%)   62/77 (81%) 86%       Gray (1942) 

  thoracic laminar spurring     71/71 (100%)  53/53 (100%) 98%       Pietrusewsky & Douglas 

               (2002) 

  lumbar laminar spurring 57/65 (88%)  45/48 (94%)   85%           Pietrusewsky & Douglas  

                (2002) 

  vastus facet (by side)  105/114 (92%) 63/68 (93%)   83- ~100% Saunders (1978) 

                Pietrusewsky & Douglas 

                (2002) 

  vastus notch (by side) 72/113 (64%)  43/66 (65%)   9%         Pietrusewsky & Douglas  

                (2002)    

  lat. tib. squatting facet  115/143 (80%) 56/72 (78%)   26-96%      Donlon (1990) 

  (by side)               Satinoff (1972) 

  med. trochlear extension 113/145 (78%) 53/68 (78%)   35-79%      Gaherty (1970) 

  (by side)               Satinoff (1972) 

  lat. trochlear extension 111/144 (77%) 53/68 (78%)   62-90%      Pietrusewsky & Douglas 

  (by side)               (2002) 

                Satinoff (1972) 

 
  incidences given are by side where indicated, all other incidences are by individual 

  

 The latter three most common activity-related traits in Shamanka II and Lokomotiv are 

thought to be associated with hyperflexion of the ankles: lateral tibial squatting facet, medial 

trochlear extension, and lateral trochlear extension. The tibial squatting facets are thought to be 

caused by pressure from contact between the head of the talus and the tibia in hyperflexion of the 

ankle (Schwartz 1995:133; Capasso et al. 1999; Pietrusewsky and Douglas 2002). This 

hyperflexion has often been attributed to a squatting posture (e.g., Charles 1893-1894; Barnett 

1954; Singh 1959; Wilczak and Kennedy 1998; Molleson 2007b); however, Trinkaus (1975) 

specifically notes that walking over rough terrain can produce these indicators as well. 

 Trochlear extensions have also been attributed to dorsiflexion of the tibiotalar joint 

(Singh 1959); the cause of this dorsiflexion is frequently attributed to the adoption of a squatting  
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posture (Finnegan 1978; Saunders 1978; Kennedy 1989; Wilczak and Kennedy 1998; Capasso et 

al. 1999). However, these extensions differ from true squatting facets in several ways. Firstly, 

they always continue the anteroposterior curve of the trochlear surface (Singh 1959), whereas 

true talar squatting facets are typically separated from the trochlear surface by a distinct groove 

(Satinoff 1972). Secondly, during hyperflexion, the extensions come into contact only with the 

underside of the distal tibia, not with its anterior margin (Singh 1959) so they may be related to 

dorsiflexion of the ankle unrelated to squatting (Trinkaus 1975; Oygucu et al. 1998). Singh 

(1959) observed that the trochlear extension did not articulate with the tibia at all until extreme 

ankle hyperflexion was achieved. Thus, any activity involving this motion, whether it includes 

squatting or not, should be sufficient to cause the formation of trochlear extensions. The presence 

of these three ankle hyperflexion indicators in high numbers in both the Shamanka II and 

Lokomotiv cemeteries is consistent with the idea that the Kitoi were highly terrestrially mobile 

over steep terrain, as walking uphill would involve a large degree of ankle hyperflexion.  

 Because population differences were found in the depth of suprascapular notch, size of 

peroneal tubercle, and degree of bridging in bipartite transverse foramen, these traits were 

examined for differences between the two Kitoi cemeteries as well. Significant results were 

outlined in Chapter Three (section 3.5.1). The Kitoi prevalence of shallow suprascapular notches 

is most marked in Shamanka II and exists to a lesser extent in Lokomotiv. Shamanka II and 

Lokomotiv males are both most likely to exhibit a shallow notch, as are the 20-35 year and 35-50 

year age groups of the Shamanka II sample. In addition, Shamanka II females are more likely to 

have no notch at all than a suprascapular foramen. This could have to do with the decreased 

tendency in females to exhibit hyperostotic traits (Ossenberg 1969). The location and degree of 

the bridging at Shamanka II and Lokomotiv largely reflect what is seen in the Kitoi population as 

a whole (see section 4.1.2 above). The most noticeable difference in peroneal tubercle size 

between the two cemetery samples is a tendency for Lokomotiv individuals to exhibit medium-

sized peroneal tubercles and Shamanka II to exhibit large ones.  

   

4.3 Summary of Overall Differences in Non-Metric Trait Incidence 

 

 Analyses of non-metric traits in the overall Kitoi and ISG populations reveal several key 

differences between these two samples. Important traits in the Kitoi all display strong activity 
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components to their formation, indicating that the Kitoi lived physically demanding lifestyles. 

These traits reflect the carrying of heavy loads and loading of the spine during movements like 

flexion and rotation, as well vastus lateralis muscle activity and knee hyperflexion. These actions 

and movements are consistent with locomotion over steep terrain while carrying heavy loads, 

probably related to hunting and food acquisition trips that are thought to have been performed 

more frequently in the Kitoi than in the ISG (Lieverse et al. 2007a).  

 No traits with such dominant clear relationships to activity significantly represent the 

ISG. This difference in the types of traits that characterize each group may reflect just how 

influential Kitoi food acquisition trips were on their skeletal morphology. In the ISG, important 

traits are those in which the influence of multiple factors is discernible, indicative of 

multifactorial etiologies involving some combination of underlying genetics, degeneration, 

trauma, and/or potentially muscle activity. One trait associated with skeletal robusticity indicates 

that the ISG had less robust upper limbs than did the Kitoi. This matches well with previous BAP 

research noting a reduction in humeral robusticity in the ISG relative to the Kitoi (Stock 2010), 

and supports the suggestion that the Kitoi may have more frequently utilized watercraft than did 

the ISG (Stock 2010). 

  The high level of activity suggested in the Kitoi by significant traits is reflected in 

individuals from both Kitoi cemeteries as well. Traits thought to result from hip hyperextension 

and knee hyperflexion consistent with travel in steep terrain are important in both groups. 

Further evidence of a physically strenuous lifestyle is found in the incidences of thoracic and 

lumbar Schmorl‟s nodes, which are most common in the Lokomotiv sample. These traits reflect 

both a genetic predisposition to intervertebral disc degeneration and conditions of intensive 

physical activity and spinal loading (Capasso et al. 1999; Williams et al. 2007; Ustündag 2009; 

Jiménez-Brobeil et al. 2010). Shamanka II individuals are also represented by a trait in which the 

influences of underlying genotype and activity pattern may both be visible, but its etiology 

remains uncertain (anterior/middle calcaneal facets). The high upper limb robusticity of the Kitoi 

is also reflected in between-group Shamanka II and Lokomotiv results, as circumflex sulcus is 

important in the Lokomotiv sample. The remaining two traits exhibiting significant differences 

(preauricular sulcus, continuous atlas facets) may simply reflect Lokomotiv due to this 

cemetery‟s high proportion of females relative to Shamanka II.  
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Chapter 5 

Discussion: Side, Sex, and Age Differences In Non-Metric Trait Incidence 

 

 

5.1 Side Differences in Non-Metric Trait Incidence  

 

 An organism can very rarely achieve perfect symmetry during development; instead, 

several types of asymmetry may occur, all of which can affect the expression of a single non-

metric trait. One is normal asymmetrical development routinely favouring a specific side, or 

directional asymmetry. An example of this is the greater development of the left side than the 

right side of the mammalian heart (Graham et al. 1993). Another is normal asymmetrical 

development with variability in the side of expression, for instance handedness (van Valen 

1962). The last is fluctuating asymmetry, or asymmetry resulting from random and non-genetic 

disruptions in an organism‟s ability to develop perfectly symmetrically (McGrath et al. 1984). 

Directional asymmetry may be reflected in the influence that side differences in bone size may 

have on trait expression (Saunders 1978, 1989). Fluctuating asymmetry has also been implicated 

in much of the asymmetry seen in non-metric traits (McGrath et al. 1984; Tyrell 2000). It is not 

known with certainty just how much the expression of non-metric traits is genetically correlated 

with a specific side and how much is attributable to random environmental factors during 

development (Schwartz 1995:258). One explanation for asymmetry in trait expression requires a 

return to the concept of developmental threshold discussed in Chapter One (section 1.4.1). Berry 

(1968) and Ossenberg (1981) suggested that bilateral traits have two thresholds of expression 

instead of the single one proposed by Falconer (1965). The first threshold distinguishes trait 

absence from unilateral presence, while the second threshold distinguishes unilateral trait 

presence from bilateral presence. Ossenberg (1981) suggested that asymmetrical trait expression 

results from differential growth causing one side of the body to cross the threshold before the 

other.  
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 In this research, of the 31 postcranial traits scored bilaterally, only two exhibit a unilateral 

preference in individuals in whom both sides are observable. The remaining 29 do not exhibit 

any significant unilateral preferences for side; most traits are either present or absent bilaterally. 

In fact, two traits (subclavian facet and acromial facet) are only ever expressed bilaterally in 

individuals in whom both sides are observable. Strong correlation between sides in the 

expression of both cranial and postcranial non-metric traits has been observed in the literature in 

humans (e.g. Gaherty 1970; Korey 1980; Buikstra 1974; Cybulski 1972; Saunders 1978; 

Trinkaus 1978; Molto 1983; Tyrell 2000; Hallgrimson et al. 2005), as well as in rhesus macaques 

(Macaca mulatta) (McGrath et al. 1984). Bilateral traits are obviously not independent of side, 

but they are also not correlated perfectly with side either (Hauser and De Stefano 1989; Saunders 

1989): the presence of a trait on one side does not guarantee its presence on the other. However, 

for both cranial and postcranial non-metric traits, it has been noted that the number of bilateral 

presences or absences of traits is significantly more common than would be expected either by 

chance or if both sides were independent (Hauser and De Stefano 1989; Tyrell 2000).  

 It appears from much of the literature, as well as the results of this project, that many 

non-metric traits are not typically expressed on one side of the body significantly more than the 

other. However, unilateral preferences can exist. This is likely due to the influence of 

environmental factors (Trinkaus 1978) and may be the case for both traits exhibiting significant 

unilateral preferences in this research: the continuous form of anterior/middle calcaneal facets 

and Poirier‟s facet.  

 The significant unilateral preference identified in the continuous form of anterior/middle 

calcaneal facets is for the right side and is only found in the Kitoi 20-35 year age group. The trait 

is present on the left but not the right in one individual and on the right but not the left in eight 

individuals in whom both sides are observable for the trait. The possible influence of mechanical 

factors on the expression of this trait was examined in Chapter Four (section 4.2.1). Trinkaus 

(1978) suggested that when asymmetry is seen in trait expression, it is indicative of an 

asymmetrical environmental influence on the genotype. These environmental factors may 

include diet, climate, mechanical loading, and muscular hypertrophy, acting to affect asymmetry 

through their effects on growth, development, and/or bone remodeling (Trinkaus 1978). These 

factors may be involved here. However, the genetic evidence from the fetal samples of Bunning 

(1964) and Bunning and Barnett (1965) presented in Chapter Four (section 4.2.1) does not 
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support a mechanical or activity-related hypothesis. It is possible that random chance may also 

be playing a role.  

 Poirier‟s facet demonstrates a significant left side preference in Kitoi individuals in 

whom both sides are observable, specifically in the 20-35 year age group and in Shamanka II 

males. Few examples of side differences in this trait have been found in the literature, but 

Parsons (1914) noted greater incidence on the left in females, and Odgers (1931) and Schofield 

(1959) noted greater incidence on the left in both males and females, though no mentions of 

significance or a reason for these findings were made.  

 Factors thought to cause the formation of Poirier‟s facet are described in detail in Chapter 

Four (section 4.2.1). Poirier‟s facet has occasionally been related to contact between the femur 

and the rim of the acetabulum during extreme hyperflexion of the hip from activities such as 

squatting (Charles 1893; Poirier and Charpy 1911; Kennedy 1989; St. Hoyme and Isçan 1989). 

However, many studies do not show a relationship between Poirier‟s facet and squatting and 

there is often no difference in incidence found between squatting and non-squatting populations 

(Kostick 1963; Pietrusewsky et al. 1991). Furthermore, the site of the facet does not appear to be 

subjected to much stress during squatting (Parsons 1914; Odgers 1931; Huard and Montagne 

1950).  

 Explaining the left side preference is difficult, as very little attention has been given to 

this matter in the literature. Clinical studies on joint hypermobility have shown a strong trend 

towards increased joint mobility on the non-dominant side of the body, typically the left 

(Beighton et al. 1973; Allander et al. 1974; Boone and Azen 1979; Al-Rawi et al. 1985; Günal et 

al 1996; Rikken-Bultman et al. 1997; Escalante et al. 1999). If the left hip joint was naturally 

slightly more mobile than the right hip joint, it could reach a greater degree of extension, thus 

causing greater stress on the location of Poirier‟s facet from the actions of the zona orbicularis 

and iliofemoral ligament. Alternatively, Allander and colleagues (1974) found that when reduced 

mobility in the right upper limb was observed, both sexes exhibited significantly less rotation at 

their left hip joint. The researchers suggested that right-handedness and its related loss of 

mobility in the right arm joints, particularly in males, may be affecting mobility of the left hip 

joint through its influence on working postures. 

  It has also been suggested that external rotation of the hip joint could lead to stretching 

of the iliofemoral ligament and laxity of the anterior joint capsule over time, due to the tendency 
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of this movement to push the femoral head anteriorly (Martin et al. 2008). This would make the 

iliofemoral ligament less effective at resisting hip hyperextension. Any activity or posture that 

externally rotated the left hip more than the right could perhaps, over time, result in an increased 

ability to hyperextend the left hip joint more than the right. In addition, that a side preference 

was only seen in particular groups (Kitoi individuals, specifically the 20-35 year age group, and 

Shamanka II males, predominantly in the 20-35 year age group as well) may suggest that these 

groups were most frequently performing habitual hip hyperextension. Alternatively, this could 

simply reflect the fact that these groups had the largest sample sizes.  

 

5.2 Sex Differences in Non-Metric Trait Incidence 

 

 Male and female developmental processes exhibit differences in hormonal and 

physiological controls (Badyaev et al. 2001). The effects of these differences in genetically-

controlled embryonic and fetal developmental processes can lead to sex differences in the 

expression of non-metric skeletal traits (Ossenberg 1969; Hauser and De Stefano 1989). It is 

possible that sex-linked genes could have an effect on the threshold for some traits (Saunders and 

Rainey 2008). However, trait correlations with sex do not exhibit the strength of correlation that 

would be indicative of a linkage to either the X or Y chromosome (Ossenberg 1969) and no clear 

examples have been shown (Saunders and Rainey 2008). Many small skeletal variations such as 

non-metric traits are expressions of variation in size (Grüneberg 1963). Sex differences in 

hormonal production during development also affect the likelihood of expression of some traits, 

chiefly through their influence on body size and bone deposition (Saunders and Rainey 2008).  

 Males typically have a larger body size and more robust bones than females due to 

increased deposition of bone during the growth period (Saunders and Rainey 2008). Males also 

tend to exhibit higher frequencies of hyperostotic traits, those related to excess bone, than 

females, a finding that is commonly noted in the literature (e.g., Ossenberg 1969; Saunders 1978; 

Molto 1983; Hauser and De Stefano 1989; Saunders 1989; Schwartz 1995:282; Donlon 2000). 

Conversely, an association between females and higher frequencies of hypostotic traits is often 

noted (e.g., Ossenberg 1969; Saunders 1978; Molto 1983; Hauser and De Stefano 1989; 

Saunders 1989; Schwartz 1995:282; Donlon 2000; Saunders and Rainey 2008). Both the 
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retention of immature features and a reduced developmental program in females have been 

implicated in this association (Ossenberg 1969; Saunders 1989).  

 There are also some environmental factors that have been implicated in causing sex 

differences in trait expression. The morphological requirements of pregnancy and childbirth in 

females obviously could have an effect on non-metric traits the expression of which is somewhat 

dependent on sexual development (Saunders 1978). In addition, it has been proposed that 

nutritional stress has differential effects on the expression of male and female discontinuous 

cranial traits in rats. Dahinten and Pucciarelli (1981) found that early nutritional stress on young 

rats modified the normal expression of a small number of discontinuous cranial traits, 

particularly hyperostotic traits. As previously mentioned, hyperostotic traits tend to be found 

more frequently in males. Dahinten and Pucciarelli (1983) also noted interactions between 

nutrition and sex on several discontinuous cranial traits. They suggested that malnutrition early 

in development may play a role in the differential expression of traits in the sexes, due to the 

delaying of ossification patterns in hyperostotic traits that have a strong relationship to the male 

sex. 

 Sex differences in activity patterns also have the potential to be reflected in the incidences 

of non-metric traits. Habitual behaviours involving the same movements being performed 

repetitively over long periods of time or the same postures consistently being adopted (Merbs 

1969) by one sex more than another are often culturally assigned to one sex more than the other, 

and this can be reflected in trait incidences. In addition, sex differences in occupation or athletic 

activities that concentrate loading and stress on certain joints or areas of the skeleton may also be 

reflected in the incidences of non-metric traits.  

  

   5.2.1 Within-Group Sex Differences in Non-Metric Traits 

 In the results of analyses for sex differences within the Kitoi, ISG, Shamanka II, and 

Lokomotiv samples, several recurring patterns are evident. Most prominent is the tendency for 

preauricular sulcus to be expressed significantly more frequently in females than males within 

the Kitoi, Shamanka II, and Lokomotiv samples, and almost significantly in the much smaller 

ISG sample. Preauricular sulcus is overwhelmingly more common in females, present in 89% 

(31 out of 35) of Kitoi female right ossa coxae but only 64% (22 out of 69) of male ones, 67% 

(six out of nine) of ISG female right ossa coxae and only 25% (four out of 16) of male ones 
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(p=0.08), 86% (12 out of 14) of Shamanka II female right ossa coxae but only 25% (12 out of 

48) of male ones, and 90% (18 out of 20) of Lokomotiv female right ossa coxae but only 48% 

(10 out of 21) of male ones (p=0.006). Traditionally, this trait has been considered as primarily 

female (Bass 1971), a statement that does seem to be supported here.  

 For a description of preauricular sulcus, please see Chapter Four (section 4.2.1) or 

Appendix C. Houghton (1974) referred to the shallow, smooth, and narrow type of sulcus as GL-

type and to large, wide, and often pitted sulci as GP-type. The GL-type, or groove of ligament 

type, is thought to reflect the imprint of a normal strong ventral sacro-iliac ligament in the pelves 

of both sexes, while the GP-type, or groove of pregnancy type, is thought to result from changes 

associated with pregnancy and labour (Houghton 1974). It is with these size differences in 

preauricular sulcus that sex differences are typically most pronounced. The GP-type is typically 

found exclusively in females, while the GL-type can be found in both sexes (Houghton 1974; 

Saunders 1978). Though not specifically referred to as GP- and GL-types, Hooton (1930), 

Davivongs (1963), Snow (1974), St. Hoyme (1984), and Spring and colleagues (1989) noted that 

females tended to have much deeper and more irregular sulci, while males either had none or 

very small, shallow ones.  

 These differences are clearly evident in this research as well. Though the GP- and GL-

types were not scored as such or split up for the main statistical analyses in any way, the small 

and narrow preauricular sulci were distinguished from large, pitted ones during data collection, 

allowing for a more specific investigation here. The incidences of preauricular sulcus by sex in 

the Shamanka II, Lokomotiv, and Ust‟Ida I (ISG) cemetery samples are presented in Figure 5.1. 

The large, wide, and often pitted (or GP-type) preauricular sulci are found only in females in this 

research, regardless of population or cemetery. Most of the small number of females absent for 

the trait or who exhibit small, smooth, and narrow (or GL-type) sulci are aged at fewer than 20 

years and possibly had not experienced either childbirth or a large degree of posterior widening 

of the pelvis yet. All observable males are either absent for the trait or have small, smooth, and 

narrow (or GL-type) sulci. Thus, these results seem to support a relationship between the GP-

type of sulcus and the increased widening of the pelvis that occurs in females during sexual 

development (St. Hoyme and Isçan 1989). Males never undergo this magnitude of pelvic 

widening, thus do not appear to ever express this type of deep, pitted sulcus. 
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Figure 5.1 Incidence of preauricular sulcus by sex in all cemetery groups examined, presented as 

a percentage of the total number of sides observable  

 

  The remaining trends observed in the differential expression of traits by sex were seen 

only within the Kitoi and Shamanka II samples, the largest samples. Definitions and photos of all 

traits can be found in Appendix C. One of these trends involves a decreased incidence in males 

of a trait related to lower skeletal robusticity. This is septal aperture, a trait previously discussed 

in Chapter Four (section 4.1.1). Sex differences in humeral robusticity and joint mobility appear 

to be playing a role in the differential expression of septal aperture by sex within both the Kitoi 

sample and the Shamanka II cemetery sample. The trait is often found to be more prevalent in 

females in the literature (e.g., Hrdlicka 1916; Hooton 1930; Akabori 1934; Trotter 1934; Angel 

1946; Benfer and McKern 1966; Morse 1969; Snow 1974; Saunders 1978; St. Hoyme and Isçan 

1989; Donlon 1990; Pietrusewsky et al. 1991; Schwartz 1995:106; Douglas et al. 1997; 

Pietrusewsky and Douglas 2002; Mays 2008) and, in both samples, septal aperture is 

significantly more likely to occur in females than males. 

 There are several likely reasons why septal aperture is more representative of females 

than males in this research. Firstly, females tend to have less robust humeri, thinner septa and 

larger angles of flexion at the elbow joint than males (Glanville 1967), making them more likely 
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to develop septal aperture. Because habitual utilization of watercraft correlates strongly with 

upper limb robusticity (Stock and Pfeiffer 2001; Stock 2006), it is possible that the lower 

incidences of septal aperture in males could reflect higher humeral robusticity, possibly related to 

increased usage of watercraft, relative to females. Secondly, sex differences in angle of flexion 

and joint mobility are very well known in the literature and these may also influence septal 

aperture formation. Clinical studies consistently demonstrate that females have a greater degree 

of joint hypermobility and laxity than males (e.g., Beighton et al. 1973; Allander et al. 1974; 

Fairbank et al. 1984; Al-Rawi et al. 1985; Larsson et al. 1987; James and Parker 1989; Larsson et 

al. 1993; Rikken-Bultman et al. 1997; Seow et al. 1999; Seçkin et al. 2005). The most likely 

reason for this is the relaxing effect that female sex hormones (estrogen, progesterone, and 

relaxin) have on collagen, and thus on ligamentous laxity (Carter and Wilkinson 1964; Heitz et 

al. 1999; Hewett 2000; Charlton et al. 2001; Deie et al. 2002; Shultz et al. 2005; Eiling et al. 

2006). This relaxing effect is particularly important in facilitating childbirth (Heitz et al. 1999), 

but these hormones affect all ligamentous structures, not just those of the pelvic region. Thirdly, 

a genetic contribution to joint hypermobility has also been proposed (Carter and Wilkinson 1964; 

Hakim et al. 2004); Hakim and colleagues (2004) found that monozygotic twins had significantly 

higher concordance for joint hypermobility than dizygotic twins. Thus the differential expression 

of septal aperture in males and females appears to be evidence of a multifactorial etiology for 

this trait. 

 Another sex difference is seen in one trait scored as variations in facet form in the Kitoi 

and Shamanka II samples (again, these are the largest samples). In atlas facets, the continuous 

form significantly represents females, being found in 93% (26 out of 28) of right Kitoi female 

atlas facets, 66% (39 out of 59) of right Kitoi male facets, 88% (14 out of 16) of right Shamanka 

II female facets, and 60% (27 out of 45) of right Shamanka II male facets. In both atlas facets 

and trochlear notch, a tendency for males to exhibit the discrete facets has been noted previously 

in the literature (Saunders 1978; Winder 1981). It is possible that the an underlying genetic 

influence on atlas facet form may be visible in the prevalence of continuous facets in females.  

 Analyses of sex differences in trait expression also reveal a pattern with respect to one 

atlas bridging trait. The trait is retroarticular bridging and significant results are again only seen 

within the largest samples: Kitoi and Shamanka II. Retroarticular bridging is significantly more 

common in males in both of these samples. A slight tendency towards increased incidence in 
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males has been noted in the literature (Saunders 1978). In this research, the difference is very 

large: 49% (26 out of 53) of Kitoi males and only 19% (five out of 26) of Kitoi females exhibited 

at least one retroarticular bridge, either complete or a spur. In Shamanka II, 49% (20 out of 41) 

of males and 19% (three out of 16) of females exhibited this type of bridging.  

 Because retroarticular bridging is predominantly found in males, this finding may reflect 

the male tendency to form excess bone more readily than females (Ossenberg 1969; Saunders 

1978; Molto 1983; Hauser and De Stefano 1989; Saunders 1989; Schwartz 1995:282; Donlon 

2000).  Sexes were then pooled together to compare the incidences of complete bridges versus 

spurs to be examined. Pooling of the sexes is required in order to get any information from the 

small ISG sample. Even so, significance was only reached in the Shamanka II (p<0.05) and 

overall Kitoi (p<0.05) samples, which both demonstrated significantly greater likelihoods of 

exhibiting complete bridges than spurs. The incidences of complete retroarticular bridges and 

spurs in all samples are presented in Figure 5.2.  

 

 
Figure 5.2 Incidences of complete retroarticular bridges and spurs in all samples, presented as a 

percentage of the total number of observable bridging sites 

 

 One interesting observation is that, among the ISG, spurs are more common than 

complete bridges, though this difference is not significant and may reflect small sample size. 

Within-group sex analyses support a relationship between this trait and excess bone formation, 

so this increased incidence of complete bridges relative to spurs may be reflective of an 
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increased tendency towards excess bone formation in the Kitoi relative to the ISG. However, the 

lack of significance in the small ISG sample does not provide strong enough evidence for this, so 

the concurrent incidences of multiple types of atlas bridging in each sample were examined as 

well. A total of 38 individuals in this research exhibit more than one type of atlas bridging at the 

same time. Incidences of the various combinations found are presented in Figure 5.3 as  

 

 
Figure 5.3 Incidences of possible atlas bridging combinations in each sample, presented as a 

percentage of the total number of individuals with more than one type of bridging (L- lateral; R- 

retroarticular; P- posterior)  

 

percentages of the total number of individuals with multiple types of bridging. Only three of the 

38 individuals that exhibited multiple types of atlas bridging are ISG. This is a statistically 

significant difference; Kitoi individuals are significantly more likely to exhibit multiple types of 

atlas bridging than are ISG individuals (p<0.05).  

 Significant differences between samples in the likelihood of exhibiting multiple types of 

atlas bridging and the degree of expression of retroarticular bridging (complete or incomplete 

bridges), as well as significant differences in the sex distribution of retroarticular bridging, all 

appear to suggest that an increased tendency to form excess bone exists in males relative to 

females and in the Kitoi relative to the ISG. The sex differences are likely the result of factors 

related to sex differences in hormonal production during growth (Saunders and Rainey 2008) 
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and/or potential malnutrition early in development (Dahinten and Pucciarelli 1981, 1983) acting 

to affect bone deposition, though the latter has only been proven in animals. Population 

differences may reflect underlying genotype, as a genetic origin has been firmly established at 

least for posterior atlas bridging (Selby et al. 1955; Saunders and Popovich 1978).  

 The influence of biomechanical stress is visible in the last trait exhibiting significant sex 

differences, this time only within the Kitoi sample. Kitoi males are significantly more likely to 

exhibit tibial imprint than Kitoi females. Tibial imprint is thought to result from pressure exerted 

by the posterior border of the medial tibial condyle on the femoral diaphysis, as the trait occurs 

in the location at which contact between the two is made in hyperflexion of the knee (Kostick 

1963; Capasso et al. 1999). Any activity that flexes the knee sufficiently can produce this 

imprint, and Kennedy (1989) associated it with both flexion of the knee and extension of the hip 

joint. Thus, it is possible that Kitoi males were more frequently doing activities involving knee 

flexion than were Kitoi females, possibly reflecting a high level of terrestrial mobility.  

 

   5.2.2 Between-Group Sex Differences in Non-Metric Traits 

 In comparisons of Kitoi males to ISG males, three traits stood out as representative of the 

ISG and two as representative of the Kitoi. Acetabular mark is one trait that is significantly more 

likely to be associated with ISG males than Kitoi males in analyes. The trait was scored as two 

separate entities in data collection, following the example of Mafart (2005). “Rounded-edged 

pits” were scored separately from “acetabular creases,” but incidences were combined to form 

“acetabular mark” for use in the main statistical analyses.  

 Both the creases and rounded-edged pits occur in the central portion of the acetabulum 

and occasionally could be found together on the same acetabulum. They are not likely caused by 

a failure of fusion between the ilium and either the pubis or the ischium, as they do not occur in 

the proper location (Finnegan and Faust 1974; Saunders 1978). Saunders (1978) proposed that 

the acetabular mark is the result of a failure of fusion between secondary centers of ossification 

in the acetabulum termed os acetabuli (Saunders 1978). These develop around adolescence 

within the triradiate cartilage, a Y-shaped region of hyaline cartilage that acts as an epiphysis for 

the ilium, ischium, and pubis in the acetabulum (Callaghan et al. 2007:37,39).  

 Alternatively, Mafart (2005) suggested that the trait might result from biomechanical 

factors during the growth period, prior to ossification of the triradiate cartilage. The reason is that 
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acetabular mark is located in the subchondral bone, underneath a zone of cartilage termed Byers 

Feature 17 (Byers et al. 1970). This is a 5-10 mm area of cartilage in the roof of the acetabulum 

that often bears an unusual appearance (Byers et al. 1970) and is located in a non-contact area at 

low levels of loading due to incongruity between the acetabulum and the femoral head 

(Miyanaga et al. 1984; Mafart 2005). This non-contact area and Byers Feature 17 might be 

important because degenerative changes in the cartilage are common here, including small 

osteolytic foci in the subchondral bone (Byers et al. 1970), and because this is the area in which 

acetabular mark is located. Non-contact areas of a joint are the most common areas for 

degeneration to occur (Harrison et al. 1953); Harrison and colleagues (1953) found that 71% of 

femoral heads had early degeneration only in their non-contact areas. 

 It is thought that this non-contact area is important for synovial fluid circulation, which is 

vital to the nutrition and lubrication of the articular cartilage (Bullough et al. 1973). If there is 

regular walking and running utilizing the full range of motion at the hip joint, non-contact areas 

in the hip joint should be largely eliminated (Greenwald and Haynes 1972), as normal 

movements such as standing, walking or running provide more than enough loading (Bullough et 

al. 1973). If this non-contact area is reduced chronically, it could perhaps result in cartilage 

degeneration. However, just as excess pressure on articular cartilage can be damaging, it appears 

that so too can too little pressure (Harrison et al. 1953). Articular cartilage needs regular contact 

with opposing cartilage and recurrent compression in order to remain healthy (Bullough et al. 

1973). Thus, too little normal movement can lead to degenerative changes, due to a lack of 

proper synovial fluid flow (Trias 1961).  

 It is difficult to draw any conclusions about what the importance of acetabular mark in 

ISG males relative to Kitoi males might mean, given that the cause of the trait has not been 

firmly established. It may reflect underlying genetic differences in the fusion of secondary 

centers of ossification of the acetabulum, or it may reflect biomechanical stress, be it excessive 

loading, reduced loading, or a combination of the two. At this point the etiology remains 

uncertain. What is clear is that the etiology of acetabular mark is probably fairly complex.  

 Another trait significantly more common in ISG males relative to Kitoi males is third 

trochanter. This trait is also more likely to be found in the ISG sample as a whole (see Chapter 

Four section 4.1.1). A phylogenetic origin to third trochanter has been suggested (Hrdlicka 1937; 

Kate 1962; Saunders 1978), as the trait is very common in mammals (Hrdlicka 1937; Saunders 
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1978; Saunders 1989; Schwartz 1995:129) and can often be found in immature femora (Hrdlicka 

1937; Lozanoff et al. 1985). Thus, the consistent characterization of the ISG by third trochanter 

may reflect a genetic predisposition for the expression of this trait that is not as strong in the 

Kitoi.  

 Another trait significantly more likely to occur in ISG males than Kitoi males is thoracic 

Schmorl‟s nodes. These nodes are discussed in Chapter Four section 4.2.1 above. The 

herniations of intervertebral disk tissue responsible for Schmorl‟s nodes occur due to tearing in 

weak areas of the cartilaginous endplates of the disks (Schmorl and Junghanns 1971). This disc 

degeneration is highly heritable (Williams et al. 2007), so thoracic Schmorl‟s nodes may also 

reflect a genetic difference between the Kitoi and ISG. However, herniations of intervertebral 

disc tissue will not occur without sufficient presence of stress factors that include heavy labour 

and physical activity (Wilczak and Kennedy 1998; Jiménez-Brobeil et al. 2010), chronic 

mechanical loading (Molleson 2007b; Ustündag 2009), generalized physical stress (Capasso et 

al. 1999), trauma (Ustündag 2009), spinal compression (Lai and Lovel 1992) and lateral and 

torsional bending movements and flexion of the spine, particularly when lifting heavy objects 

(Kelley 1982; Capasso et al. 1999).  

 The influence of these activities on node formation is so strong that this trait is found 

more frequently in males than females in several samples in the literature (e.g., Faccia and 

Williams 2008; Dar et al. 2009; Ustündag 2009; Jiménez-Brobeil et al. 2010) due to their greater 

tendency to perform physically strenuous labour. Thoracic Schmorl‟s nodes appear to be a trait 

with a clearly multifactorial etiology, with genetic factors predisposing an individual to disc 

herniation under certain environmental conditions. The Kitoi show evidence of participating in 

similarly stressful activities; in fact, thoracic and lumbar Schmorl‟s nodes were both important in 

differentiating the Shamanka II and Lokomotiv samples in Chapter Four section 4.2.1 above. 

Thus, that thoracic Schmorl‟s nodes represent the ISG in between-group male comparisons may 

indicate that the ISG were more susceptible to disc degeneration and that the genetic component 

to the formation of the trait is responsible for the majority of the population difference.  

 Traits significantly more common in Kitoi males relative to ISG males are all indicative 

of biomechanical stress. Thoracic laminar spurring is significantly more common in Kitoi males 

than ISG males. In fact, 100% (76 out of 76) of Kitoi males have thoracic laminar spurring. A 

detailed description of the trait and its causes can be found in Chapter Four (section 4.1.1) above. 
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This result suggests that Kitoi males were more likely undertaking activities involving small 

degrees of strenuous flexion repeatedly over time than were ISG males. Kitoi males are also 

significantly more likely to exhibit vastus facet than ISG males. Vastus facet, discussed in 

Chapter Four (section 4.1.1) above, also represents the Kitoi sample overall relative to the ISG 

sample. This indicates that Kitoi males were more frequently hyperflexing their knees than ISG 

males and, in combination with ubiquitous thoracic laminar spurring, suggests strenuous physical 

activity of some sort, perhaps involving food acquisition trips. 

 Comparisons of both groups of Kitoi males found another indicator of knee hyperflexion, 

peritrochlear groove, to be significantly more common in Lokomotiv. It is found in 45% (five 

out of 11) of Lokomotiv males and 3% (one out of 34) of Shamanka II males. This result may be 

denoting a slight difference in the frequency of these food acquisition trips in the two groups of 

Kitoi males.  

 No traits achieve significance in comparisons of Kitoi and ISG females. This is almost 

certainly due to the small ISG female sample, ranging from no individuals observable for some 

traits to only nine in the traits with the most observable individuals. The continuous form of atlas 

facets is closest to significance (p=0.08) for Kitoi females; this is a trait that represents females 

in within-group sex comparisons of the overall Kitoi sample and the Shamanka II sample (see 

section 5.2.1 above). Continuous atlas facets appear to be more common in females, especially 

Kitoi and specifically Shamanka II females, even though they did not achieve significance here. 

This may be due to some genetic difference between the sexes, as atlas facet form is thought to 

be determined embryonically (Saunders 1978). A larger ISG female sample size may have 

resulted in significance in the population difference between females, which would indicate a 

genetic distinction. Unfortunately, sample size is just too small to draw any firm conclusions.  

 Between-group comparisons of Shamanka II and Lokomotiv females did result in two 

traits achieving significant differences. Thoracic Schmorl‟s nodes are found in 55% (six out of 

11) of observable Lokomotiv females and no (0 of 11) observable Shamanka II females. These 

nodes are discussed in Chapter Four (section 4.2.1) above and are significantly more common in 

ISG males than Kitoi males as well. Their importance in Lokomotiv females relative to 

Shamanka II females, who are biologically related (Mooder et al. 2010), suggests that the 

difference may lie in the physical stressors that elicit disc herniations, which include chronic 

mechanical loading (Molleson 2007b; Ustündag 2009), spinal compression (Lai and Lovel 
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1992), and lateral and torsional bending movements and flexion of the spine, particularly when 

lifting heavy objects (Kelley 1982; Capasso et al. 1999).  

 Shamanka II females are significantly more likely to exhibit the hourglass form of 

anterior/middle calcaneal facets than are Lokomotiv females. Possible causes for variation in 

these facets are outlined in Chapter Four (section 4.2.1). They represented the overall Shamanka 

II sample in between-group analyses as well. The etiology of this trait is unclear, but it is 

possible that a combination of genetic and environmental factors are involved.  

   

5.5 Age Differences in Non-Metric Trait Incidence 

 

 Variability in the expression of non-metric traits with age has also been documented 

(Ossenberg 1969; Korey 1970; Buikstra 1976; Saunders 1978; Winder 1981; Molto 1983). This 

variability with age is strongest during the growth period (Saunders 1989) and is typically stable 

by sexual maturity (Saunders and Rainey 2008). Many non-metric traits simply represent an 

arrested stage of development (Saunders 1978), so subadults were excluded from this research to 

ensure that the traits examined were most likely to be fully formed and stable. Many non-metric 

traits have been identified as age-stable (Ossenberg 1969; Buikstra 1976; Saunders 1978; Molto 

1983), while for others, an association has been noted with age. For instance, hyperostotic traits 

typically demonstrate an age progressive trend, while hypostotic traits demonstrate an age 

regressive trend (Ossenberg 1969; Saunders 1978, 1979; Winder 1981; Molto 1983). This is 

evidence of periosteal bone growth and bone remodeling during adulthood and will have an 

effect on the appearance of some non-metric traits (Saunders 1989).  Please see Appendix C for 

brief definitions and photos of all traits discussed. 

 

   5.5.1 Within-Group Age Differences in Non-Metric Traits 

 Traits reflecting frequent locomotion over hilly terrain and loading of the spine provide 

insight into which age groups were most likely participating in hunting forays and/or other 

strenuous physical activity. Hip hyperextension is denoted by both Allen‟s fossa and Poirier‟s 

facet in the two largest samples, Kitoi and Shamanka II, so sample size is again affecting results. 

The former trait is more common in younger individuals, significantly so in both the Kitoi 20-35 

year age group relative to the 35-50 year group and in the Kitoi under 35 year group relative to 
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the over 35 year group. Poirier‟s facet is significant only in the Kitoi over 35 year age group 

relative to the under 35 year group. Both traits are most strongly influenced by biomechanical 

stress associated with hip hyperextension, suggesting that locomotion over hilly terrain was 

occurring in most Kitoi adults, at least in Shamanka II. Small Lokomotiv and ISG samples sizes 

make it impossible to draw any conclusions about this activity in those groups. However, though 

Allen‟s fossa and Poirier‟s facet may be caused by a similar mechanism during hip 

hyperextension, Allen‟s fossa is associated with younger ages and Poirier‟s facet with older ages. 

This may indicate that slightly different lengths of time are required for full expression of one 

trait compared to the other.  

 Two traits strongly influenced by knee hyperflexion and three traits shaped largely by 

ankle hyperflexion are also important in differentiating the age groups in analyses. The two traits 

indicative of knee hyperflexion, tibial imprint and osteochondritic imprint, both show a tendency 

towards expression in only the oldest of age groups, 35-50 and/or 50+ years. Osteochondritic 

imprint is significantly more likely to be found in the 50+ year group than either the 20-35 or 35-

50 year groups. When two age groups are used (over and under 35 years), osteochondritic 

imprint is significantly more likely to be found in the over 35 year age groups within both Kitoi 

and Shamanka II samples. The imprints are thought to form due to frequent and prolonged 

pressure between the tibial and femoral condyles during hyperflexion of the knee (Kostick 1963; 

Trinkaus 1975), typically attributed to a squatting posture in the literature (e.g., Kostick 1963; 

Trinkaus 1975; Wilczak and Kennedy 1998). Tibial imprint is also significantly more likely to be 

found in the 50+ year age group than all three of the others within the Kitoi sample. This trait is 

related to contact between the tibia and femur during flexion of the knee joint, this time between 

the femoral diaphysis and the posterior border of the medial tibial condyle (Kostick 1963; 

Capasso et al. 1999). The trait has been attributed to a squatting posture in the literature as well 

(Kostick 1963). The presence of osteochondritic imprint and tibial imprint in the oldest Kitoi age 

groups may actually be reflective of flexion from a lifetime of travel over steep terrain, given the 

importance of this activity pattern as an influence on traits thus far.  

 Kitoi and Shamanka II age groups are also differentiated by three ankle traits displaying 

the influence of joint hyperflexion: talar squatting facets, lateral trochlear extension, and lateral 

tibial squatting facet. All four age groups are significantly represented by at least one of these, as 

is the over 35 year age group. This indicates that ankle hyperflexion was common in all age 
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groups, perhaps from the adoption of certain resting and working postures and/or from traversing 

steep terrain. Interestingly, because the Kitoi may have been more frequently using watercraft 

(Stock 2010), it is possible that a combination of the posture adopted in doing so (perhaps 

squatting on a low seat or kneeling) and the act of walking up and down steep terrain may both 

be responsible for knee and ankle hyperflexion indicators in the Kitoi and Shamanka II samples.  

 The majority of traits in which there is not such a clear influence from activity patterns 

follow several distinct patterns with respect to robusticity, facet form, and ligament ossification. 

The only one that does not is third trochanter. This trait demonstrates a relationship with the 

youngest age group within the ISG sample: it is significantly more likely to be found in this age 

group than the 35-50 year group. The suggested relationship to young age may not necessarily 

reflect the fact that third trochanter is more common in the younger age groups. It is possible that 

this relationship is a reflection of an increased tendency in older adults for the gluteal tuberosity 

to mask or obscure third trochanter (Saunders 1978).  

 The rest of the traits that are identified as important in differentiating between the age 

groups within each sample are all related to skeletal robusticity, facet form, or ligament 

ossification. Two traits with opposite relationships to skeletal robusticity and body size are 

important within the Kitoi and Shamanka II samples. One is septal aperture, which is 

significantly more likely to be found in the youngest age group (15-20 years) than either the 20-

35 or 50+ year groups within the Kitoi sample. The relationship with age could be due to one or 

more of several factors. Septal aperture is thought to have a strong relationship with robusticity 

so differences in septal thickness between the age groups may be at least in part responsible for 

these age differences. Increased incidence of septal aperture in young individuals versus older 

ones may also reflect the course of development of the ulnar processes and age-related changes 

in joint mobility. Cartilaginous articulation of the ulnar processes with the humerus begins at an 

early age. At this time, pressure from the processes on the septum may begin to cause resorption 

(Benfer and Tappen 1968). As age increases into young adulthood, the ulnar processes become 

fully formed and Mays (2008) suggested that this should be the peak age of formation. As age 

increases further into older adulthood, joint hypermobility is lost due to the stiffening of collagen 

(Beighton et al. 1973; Allander et al. 1974; Boone and Azen 1979; Larsson et al. 1987; James 

and Parker 1989; Larsson et al. 1993; Rikken-Bultman et al. 1997; Seow et al. 1999; Hakim et al. 
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2004). This would reduce the likelihood of the ulnar processes coming into contact with the 

septum, and would provide an opportunity for apertures to fill in through bony remodeling.  

 A trait with the opposite relationship to skeletal robusticity and body size is circumflex 

sulcus. Saunders (1978) noted an increase in the frequency of this sulcus with age, and an 

association with older age groups appears to be reflected in the present research as well. 

Circumflex sulcus is significantly more common in the over 35 year age group within both the 

Kitoi and Shamanka II samples. The sulcus also has its lowest incidence in the 15-20 year age 

group within the Lokomotiv sample. It may not be any age-related change in robusticity or 

scapular size that is causing the relationship with more advanced age suggested by this research. 

Instead, age-related changes in the size and stiffness of the circumflex artery itself may be 

responsible. Kawasaki and colleagues (1987) found a significant increase in arterial diameter 

with advancing age, as well as arterial stiffness. A larger and more rigid circumflex artery would 

result in increased impingement on the scapula and a more prominent circumflex sulcus.  

 Traits related to facet form also demonstrate a clear pattern with age. With two of the 

three traits scored as facet form (trochlear notch and atlas facets), the continuous form 

consistently reflects the younger age groups. In the case of trochlear notch, the hourglass form 

reflect the opposite, being least common in the younger age groups. With anterior/middle 

calcaneal facets, the continuous form significantly represents the oldest groups. That these 

patterns in facet form relative to age are completely opposite suggests that the causative factors 

may differ. For instance, unlike the anterior/middle calcaneal facets, neither the trochlear notch 

of the ulna nor the superior articular facets on the atlas are responsible for significant amounts of 

weight-bearing.  

 In non-weight-bearing facets, the continuous form of trochlear notch is significantly more 

likely to occur in the 15-20 year age group than the 20-35 and 35-50 year groups within the 

Kitoi, and in the 15-20 year group relative to the 35-50 year group in Shamanka II. The 

continuous form of atlas facet follows this trend as well: it is significantly more likely to occur in 

the three youngest age groups relative to the oldest (50+ years) within the Shamanka II sample. 

This is quite a clear trend, and the hourglass form of trochlear notch follows it as well: it is 

significantly more likely to occur in the 20-35 and 35-50 year age groups relative to the 15-20 

year group within the Kitoi sample. It is unclear exactly what factors may be causing this clear 

shift in facet form with age in either atlas facets or in trochlear notch facets.  
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 The pattern seen with trochlear notch and atlas facets is reversed for anterior/middle 

calcaneal facets. Within the Lokomotiv sample, the continuous form of facet is significantly 

more likely to occur in the over 35 year age group relative to the under 35 year group. Of the 

three superior articular facets on the calcaneus (anterior, middle, and posterior), the 

anterior/middle calcaneal facets bear the majority of the body‟s weight, carrying more force per 

unit area and averaging higher overall joint pressure than the posterior facet under axial load 

(Wagner et al. 1992). This is in contrast to the trochlear notch and atlas facets, which are not 

subject to these types of loading. The complete reversal of age pattern in facet form between the 

two non-weight bearing facets and the weight-bearing facet could suggest that biomechanical 

stress factors play a role in the expression of facet form in the anterior/middle calcaneal facets 

that do not affect the trochlear notch or atlas facets.  

 An age pattern was also seen in a few traits related to ligament ossification. 

Suprascapular foramen is significantly more likely to be found in the over 35 year age group 

within the Kitoi sample. The foramen is also only present in the oldest two age groups, 35-50 

and 50+ years, within the Lokomotiv sample. Because suprascapular foramina form as a result of 

ossification of the transverse ligament (Saunders 1978), their presence could reflect an increased 

tendency towards ligament ossification in older individuals. Interestingly though, the size of the 

suprascapular notch, either shallow or deep, does not show any significant changes with age; 

shallow and deep notches are not significantly more likely to be found in any age group over any 

other. Within the individual age groups themselves, there are few relationships between size of 

the notch and age either. A deep notch is significantly more likely to be found in the 50+ year 

age group in the ISG than is no notch at all (p<0.05), but the 15-20, 20-35, and 35-50 year age 

groups within the Kitoi sample all display an overwhelming tendency to exhibit shallow notches 

significantly more than no notch, a deep notch, or a foramen. These results suggest that age plays 

a role in an individual‟s likelihood of forming a suprascapular foramen, while the size of the 

suprascapular notches themselves do not appear to be strongly related to age. 

 Two other traits related to ligament ossification, posterior atlas bridging and retroarticular 

bridging, are not themselves important in differentiating between the age groups. However, the 

incidences of spurs versus complete bridges with age were examined to elucidate any possible 

age-related patterns in the degree of expression of these two atlas bridging traits. There are no 

significant changes in either complete posterior atlas bridges or spurs as age increases within any 
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sample. However, with retroarticular bridging in the Shamanka II sample, the incidences of spurs 

decreases as age increases, with no spurs found in the 50+ year age group. All bridging seen in 

the 50+ year sample is complete; in fact, the 50+ year age group is significantly more likely to 

exhibit a complete bridge than any of the younger age groups (p<0.05 for all). This pattern of 

spurs growing into complete bridges as age increases is what would be expected of a trait related 

to ligament ossification.  

 In general, the pattern of complete retroarticular bridges and spurs by age is what might 

be expected from a hyperostotic trait related to excess bone formation: complete bridges are 

more likely to occur in the oldest age group, 50+ years, than any younger one. Somewhat 

surprisingly, complete posterior atlas bridges and spurs do not follow this expected pattern. 

There are no age differences demonstrating a shift from spurs to complete bridges with 

increasing age. This may reflect the very firmly established genetic background of the trait and 

its strong familial incidence (Selby et al. 1955; Saunders et al. 1976; Saunders and Popovich 

1978). The factors affecting complete bridges and spurs in posterior atlas bridging may be quite 

different than for retroarticular bridging, though both are hyperostotic bridging traits of the atlas.  

 Another hyperostotic atlas trait that does not follow the expected age pattern is bipartite 

transverse foramen. These foramina are actually significantly more likely to be found in the 

under 35 year age group than the over 35 year group in the Kitoi sample. In the Lokomotiv 

sample, the trait is found in all individuals within the 15-20 (three of three) and 20-35 year age 

groups (six of six). The expected pattern of spurs representing younger individuals and complete 

bridges representing older ones is also not seen here; in fact, complete bridges are always more 

common than spurs, regardless of the age group or sample. These results may suggest that the 

ossification seen in the formation of bipartite transverse foramina may not be age-related, but 

rather simply indicate some underlying genetic tendency towards formation. 

 Peroneal tubercles were also examined for age differences in their size, though the trait 

itself does not exhibit any age differences. The observable ISG sample size is too small to 

perform any statistical analyses on, so is excluded here. Within the Kitoi, small tubercles are 

significantly more likely to be found in the 20-35 year age group than the 35-50 year group in 

both the overall Kitoi sample and the Shamanka II sample (p<0.05 for both). Large tubercles are 

almost significantly more likely to be found in the 50+ year age group than the 20-35 year group 
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(p=0.08) in the Lokomotiv sample. Though not conclusive, these results could indicate a slight 

trend towards an increase in tubercle size with increased age.  

 This same trend is seen when the individual age groups are examined. Kitoi individuals 

in the 35-50 year age group are significantly more likely to have medium and large tubercles 

than small ones (p<0.05 and p<0.01, respectively). When the two Kitoi cemeteries are examined 

individually, this trend continues: individuals in the 20-35 year age group from Lokomotiv are 

significantly more likely to have a medium tubercle than a large one (p<0.01), while individuals 

in the older 35-50 year age group from Shamanka II are significantly more likely to exhibit a 

large tubercle than a small one (p<0.05). The pattern is depicted in Figure 5.4, where the  

 

 
Figure 5.4 Incidences of peroneal tubercle size in which there were significant age differences, 

presented as a percentage of observable individuals with at least one tubercle of a given size 

(Loko- Lokomotiv; Sham- Shamanka II) 

 

incidences of peroneal tubercle size in which there were significant age differences are  

presented.   

 This trend towards increased size of peroneal tubercles with age can also be visualized by 

comparing the percentages of each size of tubercle between the largest age groups (20-35 years 

and 35-50 years) in the overall Kitoi and the Lokomotiv samples, presented in Figure 5.5. It 

appears that there may be some connection between tubercle size and age, with larger tubercles  
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Figure 5.5 Incidences of peroneal tubercle by size demonstrating a shift towards large tubercles 

with age, presented as a percentage of the total number of individuals observable individuals 

(Loko- Lokomotiv) 

 

being more common in the older age groups than the younger ones, but small samples made it 

difficult to draw any strong conclusions. 

  

   5.5.2 Between-Group Age Differences in Non-Metric Traits  

 All analyses of individual age groups between the Kitoi and ISG samples suffer from 

small sub-group sample size in the ISG. The pooling of individuals into two age groups rectifies 

this situation somewhat, but it is likely that many more important differences would have been 

found had the ISG sample sizes, particularly of 15-20 and 50+ year age groups, been larger. 

There is only one trait exhibiting a significant difference between the Kitoi and ISG 15-20 year 

age groups. It is somewhat surprising that any trait at all reached significance, given the small 

size of the ISG 15-20 year sample. However, third trochanter is significantly more common in 

the ISG, being found in 75% (three out of four) right ISG femora and none of six right Kitoi 

femora. Third trochanter is consistently more common in the ISG in between-group 

comparisons. It is possible that higher femoral robusticity in the Kitoi relative to the ISG may 

result in more developed gluteal ridges that make the trait less visible altogether, or perhaps a an 

underlying genetic tendency towards expressing the trait in the ISG is responsible. No traits 
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reach significance in between-group comparisons of the Shamanka II and Lokomotiv 15-20 year 

age group. 

 The influence of activity on morphology begins to be seen in the 20-35 year samples in 

analyses, as sample size is larger and chronic biomechanical stress would have had sufficient 

time to produce marked effects on the skeleton. One trait important in differentiating the 20-35 

year and under 35 year age groups of the Kitoi and ISG is vastus facet, more common in the 

Kitoi and indicative of a greater frequency of knee hyperflexion in the former population. Kitoi 

young adult individuals also show evidence of increased or more frequent loading and flexing of 

the spine relative to young adult ISG individuals. Thoracic laminar spurring is significantly more 

common in the Kitoi under 35 year age group than in this group in the ISG. These high levels of 

activity in the Kitoi are also reflected in comparisons of the under 35 year and 20-35 year age 

groups of Shamanka II and Lokomotiv. Thoracic and lumbar Schmorl‟s nodes are significantly 

more common in Lokomotiv young adults, while Allen‟s fossa is significantly more common in 

Shamanka young adults.  

 Comparisons of 35-50 year, 50+ year, and over 35 year age groups yield less strong 

evidence of physical activity, as only three traits that show obvious associations with activity 

patterns are important. The only trait with a significant difference between the Kitoi and ISG 

middle to old adults is lumbar laminar spurring, and not surprisingly this is found more 

commonly in Kitoi individuals than ISG individuals over the age of 35. The other two important 

traits are found in between-group analyses of Shamanka II and ISG 35-50 year and over 35 year 

age groups. No traits with a strong activity influence are important in differentiating the 50+ year 

age groups. Allen‟s fossa (hip hyperextension) and peritrochlear groove (knee hyperflexion) are 

significantly more common in the Lokomotiv (35-50 year and over 35 year age groups, 

respectively). Allen‟s fossa is representative of both Shamanka II and Lokomotiv, depending on 

which age groups are being compared, so the hip hyperextension causing it was being performed 

in both populations.  

 Overall, significant traits influenced strongly by activity all represent the Kitoi in 

between-group age comparisons. These types of traits more evenly reflect both Shamanka II and 

Lokomotiv samples, indicating quite distinct differences in activity patterns between the Kitoi 

and ISG populations, while the two Kitoi cemeteries exhibit much more similarity indicative of 

an overall physically strenuous lifestyle across the Kitoi sample. 
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 Other traits important in between-group age analyses do not show such strong evidence 

of biomechanical influences on their expression. The remaining significant traits can be grouped 

by what the dominant influences on age changes in expression appear to be. These include 

changes in skeletal robusticity and bony remodeling (septal aperture), changes in skeletal 

robusticity and arterial size/stiffness (circumflex sulcus), changes in facet form (continuous atlas 

facets, discrete trochlear notch), changes in sexual development (preauricular sulcus), or an 

unknown mix of genotype and environmental factors (acetabular mark). Septal aperture is only 

important in discriminating between the Kitoi and ISG 50+ year age groups, being significantly 

more common in the ISG. This suggests that ISG individuals were more likely to retain the 

aperture into old age than were the Kitoi, possibly due to an increased likelihood of bony 

remodeling in the more robust Kitoi.  

 Circumflex sulcus is another significant trait that has been useful elsewhere in this 

research to suggest differences in skeletal robusticity between the populations. It is significantly 

more common in the Lokomotiv 20-35 year and under 35 year age groups than in these groups in 

Shamanka II. This suggests a difference in whatever factors are causing the impingement 

between the circumflex artery and scapula between the Shamanka II and Lokomotiv samples in 

young individuals. These factors could include size and stiffness of the artery itself and 

robusticity of the scapula or anything influencing it, such as upper limb loading. In the latter 

case, differential use of watercraft between young adults in the two Kitoi cemeteries could 

plausibly affect circumflex sulcus.  

 Two traits scored as variations in facet form are important in between-group age analyses 

as well. Discrete trochlear notch is significantly more common in the ISG 20-35 year and under 

35 year age groups relative to these groups in the Kitoi. Discrete trochlear notch is also 

significantly more likely to be found in the overall ISG sample relative to the overall Kitoi 

sample in analyses using left side data. Overall, discrete trochlear notch is more rare in the larger 

Kitoi sample, in which it is continuous facets that exhibit a relationship with younger age groups 

(see section 5.5.1 above). The present result may reflect the rarity of discrete trochlear notches in 

the Kitoi, particularly in young individuals.  

 Continuous atlas facets are significantly more common in the Lokomotiv 50+ year age 

group than this group in Shamanka II. Continuous facet form also displays a relationship with 

younger age groups in the Shamanka II sample overall (see section 5.5.1 above), in which 
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continuous atlas facets are least likely to be found in the 50+ year age group. They are found in 

all six Lokomotiv individuals of this age. Differences in both of these traits likely reflect 

underlying genetic or developmental differences to some degree. In the case of discrete trochlear 

notch, a possible relationship with osteoarthritis and trauma was examined in Chapter Four 

(section 4.1.1), but the evidence was inconclusive.  

 Preauricular sulcus may provide insight into sexual development and widening of the 

pelvis in between-group age comparisons. Because of its high proportion of females, Lokomotiv 

has been represented by this trait throughout analyses; it is not surprising that it is again 

significantly more likely to be found in the Lokomotiv sample than the Shamanka II sample in 

comparisons of the 20-35, over 35, and 50+ year age groups. Its importance in adult individuals 

over the age of 20 suggests that the sulcus is not fully expressed until the post-adolescent period, 

supporting a relationship to sexual development and widening of the pelvis during maturation.  

 Lastly, acetabular mark is extremely close to significance in the 50+ year age group for 

the ISG relative to the Kitoi (p=0.057). That acetabular mark is so close to significance in 

individuals from the oldest age category indicates that the trait may be related to degeneration, 

possibly due to biomechanical stress. However, it is difficult to make any firm statements given 

that the etiology of this trait is unclear.   

  

5.6 Summary of Side, Sex, and Age Differences in Non-Metric Trait Incidence 

 

 In this research, most non-metric traits are typically either bilaterally present or 

bilaterally absent in all individuals in whom both sides are observable, with the exception of one 

trait in the hip joints of Kitoi individuals and one in the ankle joints of the Kitoi 20-35 year age 

group. Overall, there appears to have been fairly symmetrical loading of both the upper and 

lower limbs, with the majority of evidence suggesting that the expression of non-metric traits by 

side of the body is somewhere between side independence and perfect correlation (Hauser and 

De Stefano 1989; Saunders 1989).  

 Traits differentiating between the sexes within each sample are consistent with previously 

proposed activity patterns in these populations by Lieverse and colleagues (2007a, 2009) and 

Stock (2010). In males, there is evidence of increased mobility and spinal loading as well as 

increased bone deposition relative to females. In contrast, females only exhibit significance in 
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one trait conspicuously related to activity (thoracic Schmorl‟s nodes important in between-group 

analyses of Shamanka II and Lokomotiv females). All others are indicative either of sexual 

development of the pelvis, decreased robusticity relative to males, or underlying factors not 

likely related to biomechanical stress, such as in genotype or development. This suggests that 

males were more physically active and performing heavy work with their backs more frequently 

or more strenuously than females. Other important traits display the influences of factors other 

than biomechanical stress on trait formation, such as growth, skeletal robusticity, and hormones. 

It is difficult to compare division of labour between the Kitoi and ISG populations due to the 

small ISG sample size, but within the Kitoi there does appear to have been a difference in the 

performance of physical tasks between males and females. Both sexes show evidence of loading 

their spines, but in males this is more prevalent and is paired with two knee hyperflexion 

indicators. This is consistent with the idea that Kitoi males were more frequently participating in 

food acquisition trips involving the transportation of heavy equipment over steep terrain 

(Lieverse et al. 2009) than were females.  

 Traits indicative of this pattern of activity in the Kitoi are also important in elucidating 

activity patterns among the age groups. Hip, knee, and ankle traits revealing high levels of 

walking over mountainous terrain are important in all Kitoi and Shamanka II age groups. Traits 

of the vertebrae suggestive of spinal loading are predominantly important in individuals under 

the age of 35, so it is likely that young adult individuals were performing the majority of the 

strenuous lifting and carrying.  

 Many traits follow several distinct patterns reflecting changes in bony remodeling, range 

of motion of the joints, arterial stiffness, ligament ossification, and facet form occurring over 

time and with advancing age. Results suggest that range of motion in the joints, at least in the 

elbow joints, decreases with advancing age at death, while arterial size and stiffness may 

increase with advancing age at death. Ligament ossification appears to increase with age, with 

the exception of one trait (bipartite transverse foramen) in which the ossifications are more 

common in the youngest age groups. The size of peroneal tubercles increases with age as well, 

suggesting that this trait may be influenced by multiple factors, including muscle usage.  Facet 

form also demonstrates a relationship with age that is dependent on whether the facets are 

weight-bearing or non-weight-bearing. The complete reversal of age pattern in facet form 

between the two non-weight bearing facet traits and the weight-bearing facet trait could suggest 
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that activity-related stress factors play a role in their expression. In addition, age changes in the 

surrounding bony structures may make one trait more difficult to view in older age groups.  
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Chapter 6 

Summary and Conclusions 

 

 

6.1 Evidence of Population Differences in Activity Patterns  

 

 The first major objective of this research was to utilize differences in postcranial non-

metric skeletal trait frequencies as specific evidence of differing activity patterns. A population 

difference is clearly evident between the Kitoi and ISG. Traits that are important in the Kitoi all 

display strong activity components to their formation, reflecting loading of the spine during 

movements like flexion and rotation, as well as vastus lateralis muscle activity and knee 

hyperflexion. These actions and movements are consistent with locomotion over steep terrain 

while carrying heavy loads, probably related to hunting trips that are thought to have been 

performed more frequently among the Kitoi than among the ISG (Lieverse et al. 2007a).  

 In contrast, no traits with such clear relationships to activity significantly represent the 

ISG. This difference in the types of traits that characterize each group may reflect a population 

difference in the frequency and degree of physically strenuous activity. Among the ISG, 

important traits are those indicative of multifactorial etiologies, involving some combination of 

underlying genetics, cartilage degeneration, trauma, and/or, potentially, muscle activity. There is 

also an indication from non-metric trait incidences that the ISG may have had less robust humeri 

than did the Kitoi. This matches well with previous BAP research noting a reduction in humeral 

robusticity in the ISG relative to the Kitoi (Stock 2010), and supports the suggestion that the 

Kitoi may have more frequently utilized watercraft than did the ISG (Stock 2010).  

 Both Kitoi cemeteries (Shamanka II and Lokomotiv) show significant traits indicative of 

this high level of activity. Mobility patterns appear to have been fairly uniform across both 

Shamanka II and Lokomotiv, and significant traits of the hips, knees, and vertebrae suggest that 

these the Kitoi overall were participating in activities that were not done as frequently or 

intensively in the ISG. 
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6.2 Evidence of Divisions of Labour Within the Population and Cemetery Samples  

 

 Differences in postcranial non-metric skeletal trait frequencies were used as specific 

evidence not only of differential activity patterns, but also of divisions of labour within each 

sample. There appears to have been symmetrical loading of the upper limbs in all samples, with 

very minimal assymetrical loading of the lower limbs suggested by one trait in the hip joints of 

Kitoi individuals and one in the ankle joints of the Kitoi 20-35 year age group. Most non-metric 

traits are typically either bilaterally present or bilaterally absent in the Kitoi and ISG samples.  

 Divisions of labour by sex and age are apparent in the larger Kitoi and Shamanka II 

samples.  Males show evidence of higher levels of mobility and spinal loading relative to 

females, as well as increased bone deposition. In contrast, the majority of female traits are 

indicative of sexual development of the pelvis, decreased robusticity relative to males, or 

underlying factors not likely related to biomechanical stress, such as in genotype or 

development. Both sexes show evidence of spinal loading, but in males it is more prevalent, 

suggesting the performance of heavy work with the back more frequently or more strenuously. In 

addition, the significance of two knee hyperflexion indicators suggests that males were more 

physically active than females. This is consistent with the idea that Kitoi males were more 

frequently participating in food acquisition trips involving the transportation of heavy equipment 

over steep terrain (Lieverse et al. 2009) than were females. Traits of the vertebrae suggestive of 

spinal loading are predominantly important in individuals under the age of 35, so it is likely that 

young adult individuals were performing the majority of the strenuous lifting and carrying. 

Unfortunately, nothing can be said about divisions of labour within the Kitoi, due to small 

sample size.  

 In this research, it was hypothesized that postcranial non-metric trait frequencies, 

particularly those of the appendicular skeleton, would reflect the high mobility of Kitoi males 

relative to contemporaneous females and to the ISG, suggested by work on osteoarthritis 

(Lieverse et al. 2007a, 2010), musculoskeletal stress markers (Lieverse et al. 2009), and skeletal 

robusticity (Stock 2010) in these populations. This high mobility of Kitoi males appears to have 

been confirmed. However, the suggestion that appendicular traits may be more likely to show 
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evidence of this high mobility than axial traits was not supported, as traits of the lower limbs and 

vertebrae were both indicative of activity patterns in the samples studied.    

 

6.3 Interactions of Causative Factors 

 

 A further goal of the project was to look for patterns in trait frequencies that may indicate 

how genetic, environmental, and development factors are interacting, in which traits genetic 

factors are most visible, in which traits environmental and/or developmental factors are most 

visible, in which traits several factors are equally visible, and why this might be.  

Results denote an interesting pattern: there is a major change in the types of traits that are 

significant as one moves from the lower limbs up to the cervical vertebrae. In the individuals 

scored for this research, the lower limbs are most likely to exhibit traits with obvious and direct 

relationships to specific movements, prolonged or repetitive contact, and overall biomechanical 

stress associated with terrestrial mobility and repetitive use of full range of motion at the joints. 

All traits but one that are significant in any way in the lower limbs display a relationship to the 

above factors (Allen‟s fossa, Poirier‟s facet, tibial imprint, osteochondritic imprint, vastus facet, 

peritrochlear groove, talar squatting facet, lateral trochlear extension, lateral tibial squatting 

facet, and size of peroneal tubercle).  

 It appears that when biomechanical stress directly results in non-metric trait formation, 

the influence of genetic and developmental factors is largely masked or perhaps even non-

existent. Traits of the thoracic and lumbar vertebrae are subject to enormous strain and load; the 

influence of biomechanical stress in these regions is seen through extensive ligament ossification 

and vertebral damage from intervertebral disc herniation. In the latter case, though susceptibility 

to disc degeneration has been shown to be heritable (Williams et al. 2007), activity is still the 

deciding factor. What is being seen in the Shamanka II, Lokomotiv, and ISG (Ust‟Ida I) samples 

is the physical damage caused by spinal loading in susceptible individuals, whereas in the 

absence of predisposing activities, the underlying genetic component would not be visible in the 

skeletal remains.  

 The influence of genetic and development factors appears to become directly visible in 

trait expression only as biomechanical stress becomes less important. The upper limbs are not 

weight-bearing and thus do not show the same evidence of mobility patterns as do the lower 
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limbs. It is likely that the indirect effects of loading are being seen through their influence on 

skeletal robusticity and the traits whose formation it affects. Septal aperture and circumflex 

sulcus together exhibit population, cemetery, sex, and age differences in their expression 

suggestive of variability in upper limb robusticity. The use of watercraft strongly loads the upper 

limbs, which in turn influences skeletal robusticity and could account for these differences.  The 

region of the postcranium studied that is least subject to biomechanical stress is the cervical 

region of the spine. Accordingly, significant traits in this region in the Kitoi and ISG largely 

denote underlying embryological, genetic, and/or hormonal control over facet form, bone 

deposition, and ossification. No traits reflecting any activity component at all are important in 

this region.  

 Given its importance as a causative factor in non-metric trait expression, at least in the 

Kitoi, biomechanical stress is likely involved in the etiologies of acetabular mark and 

anterior/middle calcaneal facets. A relationship to activity has been suggested for both of these 

traits and the results of this project do not disprove this suggestion. Overall, there is still much to 

learn about the specific mix of factors interacting to produce many non-metric traits, but this 

research has provided much needed information on the etiologies of several of the traits scored. 

The ultimate goal of this project was to contribute phenotypic evidence to the existing body of 

knowledge that suggests that the Kitoi and ISG are distinct populations and this goal has been 

accomplished. 

 

6.4 Future Research Directions 

 

 In the future, the Ust‟Ida I cemetery sample could be compared to both the Lokomotiv 

and Shamanka II cemetery samples. Lokomotiv is geographically closer to Ust‟Ida I than is 

Shamanka II, and both of the former cemeteries are located on the Angara River, while 

Shamanka II is not. Such an analysis could provide some interesting results. Further, in the future 

an attempt could be made to score the skeletal remains from the ISG cemeteries of Khuzhir-

Nuge XIV and Kurma XI. The ISG samples from these cemeteries were even more fragmentary 

than from Ust‟Ida I and were thus not originally scored. However, given the issues encountered 

due to the small ISG sample size in this research, any effort to increase the number of 
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observations could help provide a more representative sample and would probably allow for 

more information to be gleaned in analyses.  

 Another suggestion for future work could be to run biological distance analyses on the 

Kitoi and ISG populations. Many researchers have successfully utilized non-metric traits to 

calculate biological distance between two populations using the mean measure of divergence 

statistic (e.g., Ossenberg 1969; Saunders 1978; Hallgrimson et al. 2004; Harris and Sjøvold 

2004; Green and Suchey 2005). However, various authors over the years have altered the 

equations considerably, which adds some confusion. In addition, biological distance analysis 

assumes that the traits used have a significant genetic basis (Hallgrimson et al. 2004), while this 

research has clearly shown the importance of environmental factors, particularly biomechanical 

stress, on postcranial non-metric trait formation. Also, the mean measure of divergence does not 

work well with missing values (Donlon 2000), which would likely be a problem with these 

samples. The distance statistic can be useful if the non-metric traits are chosen and scored very 

carefully (Donlon 2000); however biological distance analysis does not appear to be the best 

choice for these specific samples. 

 

6.5 Concluding Remarks 

 

 The results of this project are consistent with the current BAP theories on the adaptive 

regimes of the Kitoi and ISG populations (Weber et al. 2002) and support previous work by BAP 

researchers in the areas of genetics (Mooder et al. 2006, 2010), skeletal robusticity (Stock 2010), 

osteoarthritis (Lieverse et al. 2007a), and musculoskeletal stress markers (Lieverse et al. 2009).  

Results of analyses indicate that the Kitoi, particularly males, were taking part in locomotion 

over steep terrain while carrying heavy loads, probably related to hunting trips. The ISG do not 

show evidence of these types of activities, suggesting a population difference in the frequency 

and degree of physically strenuous activity. Kitoi and Shamanka II males and young adult 

individuals show evidence of having performed the majority of the strenuous lifting and carrying 

as well as evidence of increased mobility relative to females, indicative of strong divisions of 

labour in the Kitoi population. Trait distribution throughout the body also provides evidence of 

the dominance of biomechanical stress as a causative factor in the expression of non-metric 

traits. Other factors that become visible when the influence of biomechanical stress is lower 
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include genotype and embryological control, trauma, and cartilage degeneration. Ultimately, not 

only did population, side, sex and age differences in non-metric traits support previous BAP 

research and provide a clearer understanding of Kitoi and ISG adaptive regimes, but they also 

helped to broaden the knowledge base about the etiologies of the non-metric traits involved. 
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Appendix A 

Statistical Values from Analyses on Within-Group and Between-Group  

Differences in Non-Metric Trait Frequencies 

 

 

 

 

Table A1. Significant differences in peroneal tubercle size in the Kitoi sample 

 
    Group  Between   p-value 

 
    Males          large vs. small    p<0.05 

    35-50 years      medium vs. small  p<0.05 

    35-50 years  large vs. small   p<0.01     

 
    
 

 

 

Table A2. Significant differences in suprascapular notch size in Kitoi and ISG samples 

 
    Group  Between    p-value 

 
    ISG Females    deep vs. foramen     p<0.05 

    ISG 50+ year          deep vs. absent   p<0.05 

    Kitoi males  shallow vs. deep   p<0.01  

    Kitoi males  shallow vs. none   p<0.01 

    Kitoi males  shallow vs. foramen   p<0.01 

    Kitoi 20-35 years  shallow vs. deep   p<0.01 

    Kitoi 20-35 years shallow vs. none   p<0.01 

    Kitoi 20-35 years shallow vs. foramen   p<0.01
 

    Kitoi 35-50 years shallow vs. deep   p<0.01  

    Kitoi 35-50 years shallow vs. none   p<0.01 

    Kitoi 35-50 years shallow vs. foramen   p<0.01 

    Kitoi females shallow vs. foramen   p<0.01 

    Kitoi 15-20 years    shallow vs. foramen   p<0.05 

    Shallow notches Kitoi males vs. ISG males  p<0.01 

    Deep notches ISG males vs. Kitoi males  p<0.05 

    Deep notches ISG females vs. Kitoi females p<0.01 

    Deep notches ISG 35-50 yrs vs. Kitoi 35-50 yrs p<0.05 

    Deep notches ISG 50+ yrs vs. Kitoi 50+ yrs  p<0.05 
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  Table A3. Significant differences in the locations and degree of bridging  

in bipartite transverse foramina in the Kitoi and ISG populations 

 
    Group Between p-value  Between   p-value 

 
   Kitoi  C5 vs. C3 p<0.01   C5: complete vs. spur p<0.01 

  C5 vs. C4 p<0.01   C6: complete vs. spur p<0.01 

  C6 vs. C3 p<0.01 

  C6 vs. C4 p<0.01 

  C6 vs. C5 p<0.01 

  C6 vs. C7 p<0.01
 

 
 

C7 vs. C3 p<0.01
 

  C7 vs. C4 p<0.01 

 
   ISG  C6 vs. C3 p<0.01   C6: complete vs. spur p<0.01 

     C6 vs. C7 p<0.05    

 
 
 
 
 

Table A4. Significant differences in suprascapular notch size in the Shamanka II and Lokomotiv 

samples 

 
    Group   Between    p-value 

 
   Shamanka II males  shallow vs. deep   p<0.01 

   Shamanka II males  shallow vs. absent   p<0.01  

   Shamanka II males   shallow vs. foramen   p<0.01
 

   Lokomotiv males  shallow vs. deep   p<0.01 

   Shamanka II 20-35 years shallow vs. none   p<0.01 

   Shamanka II 20-35 years shallow vs. deep   p<0.01 

   Shamanka II 20-35 years shallow vs. foramen   p<0.01 

   Shamanka II 35-50 years shallow vs. none   p<0.01 

   Shamanka II 35-50 years shallow vs. deep   p<0.01 

   Shamanka II 35-50 years shallow vs. foramen   p<0.01 

   Shamanka II females absent vs. foramen   p<0.01 

 
   

 
 
 
 



  134 

 

 

Table A5. Significant differences in the locations and degree of bridging  

in bipartite transverse foramina in the Shamanka II and Lokomotiv samples 

 
    Group Between  p-value Between   p-value 

 
   Sham II C5 vs. C3  p<0.01  C6: complete vs. spur p<0.01 

  C5 vs. C4  p<0.01 

  C6 vs. C3  p<0.01 

  C6 vs. C4  p<0.01 

  C6 vs. C5  p<0.01 

  C6 vs. C7  p<0.01 

  C7 vs. C3  p<0.01 

  C7 vs. C4  p<0.05 

 
   Lokomotiv C5-7 vs. C3-4 p<0.05  C5-C6: complete vs. spur p<0.01

 

 
   Sham II refers to Shamanka II 

 
Table A6. Significant differences in peroneal tubercle size in the Shamanka II  

and Lokomotiv samples 

 
    Group  Between      p-value 

 
   Medium size  Lokomotiv males vs. Shamanka II males  p<0.05  

   Medium size  Lokomotiv females vs. Shamanka II females  p<0.01 

   Sham II 35-50 yrs large vs. small      p<0.05  

   Loko males  medium vs. small     p<0.05  

   Loko females medium vs. small       p<0.05  

   Loko females medium vs. large     p<0.05  

   Loko 20-35 yrs medium vs. large     p<0.01

 

 
   Sham II refers to Shamanka II; Loko refers to Lokomotiv 

 

 

Table A7. Significant differences in incidence of bony lips in 16 recorded cases 

 
    Group  Between   p-value 

 
   Kitoi   males vs. females  p<0.05 

   Kitoi   20-35 yrs vs. 15-20 yrs p<0.05 

   Kitoi   35-50 yrs vs. 15-20 yrs p<0.01   
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Table A8. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within each sample 

     
                  Kitoi                                      ISG/UID                                Shamanka II         .                      Lokomotiv      

  Trait  P/P   P/A    A/P    A/A     p           P/P   P/A    A/P   A/A   p           P/P   P/A   A/P   A/A      p         P/P   P/A   A/P  A/A     p 

 
  3         5        0        0       91     n/a        0       0        0      15    n/a           2        0       0       59     n/a          3 0       0     31    n/a     

  4        12       3        0        3     0.248        6       3        0       2    0.248        10      2       0       3       0.48    2        1       0     0      1.0  

  5        1         0        3       27    0.248        1       0        2       8    0.48          1        0       2       24     0.48   0        0       2     3      0.48  

  6        42      14      12      10    0.845        7       3        1       1    0.617        27      8       6       10     0.789  15       6       6     0      1.0 

  7        7         9        3       89    0.149        3       5        2       8    0.45          5        4       2       52     0.683   2        5       1     37    0.221   

  9C     55       5       10      17    0.302       12      3        1       3    0.617        37      4       6       16     0.752  18       1       4     1      0.371 

  9H     6         5        0       76    0.302        0       1        2      16   1.0            6        4       0       53     0.134   0        1       0     23    1.0 

  9D     9         7        7       64    1.0            2       1        2      14   1.0           8        4       6       45     0.752   1        3       1     19    0.617 

  19      50       8        3       38    0.228        8       3        0      11   0.248       18       4       2       33     0.683  28       4       1     9      0.371  

  20      20      12      20      59    0.216        9       2        3       6    1.0           9        7       9       33     0.803  10       5      10    27    0.302 

  21      2         2        1      108   1.0           2       0        2      13   0.48          1        1       1       59     1.0   1        1       0     48    1.0    

  22      1         0        1       93    1.0          0       0        0       3    n/a            1        0       1       64     1.0   0        0       0     29    n/a  

  23C   43       8       14      41    0.286        3       0        0       1    n/a           27      4       7       29     0.547  16       4       7     12    0.547  

  23H   18      16      12      62    0.571        1       0        0       3    n/a           15      11     7       34     0.48   3        5       5     26    1.0  

  23D   13       8        6       79    0.789        0       0        0       4    n/a           7        3       4       53     1.0   6        5       2     26    0.45  

  24      5         5        4       71     1.0          0       0        0       3    n/a           2        2       3       51     1.0   3        3       1     20    0.617  

  25      14       6        9       64    0.606        0       0        0       4    n/a           12      3       6       40     0.505   2        3       3     24    1.0  

  26C   17       4        6       61    0.752        2       0        0      11   n/a            11      2       2       37     1.0   6        2       4     24    0.683  

  26H   59       8        5       20    0.579        7       0        1       5     1.0           33      3       3       12     1.0  21       5       2     8      0.45  

  26D    3        1        2       81     1.0           3       1        0       9     1.0           1        1       1       48     1.0   2        0       1     33    1.0    

  28      32       2        2        9     1.0         0       0        0       0    n/a            20      1       2       7       1.0  12       1       0     2      1.0  

  31      2         0        0       46     n/a        0       0        0       3     n/a           2        0       0       31     n/a          0 0       0     15    n/a     

  36      9         2        3       34    1.0        1       0        0       12   n/a           5        1       2       19     1.0    4        1       1     15    1.0  

  37      15       3        3       58    1.0        1       4        1       9    0.371       15       3       2       30     1.0   0        0       1     27    1.0 

  38      22      10       2       39    <0.05        5       0        1       8    1.0           16       8       0       21     <0.05   6        2       2     18    1.0 

  39      4         1        5       67    0.221        1       1        0       7    1.0            3        1       4       33     0.371   1        0       1     34    1.0   

  40      10       4        4       79    1.0        0       1        0      13   1.0            6        2       3       43     1.0   4        2       1     36    1.0 
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                  Kitoi                                      ISG/UID                                Shamanka II         .                      Lokomotiv      

  Trait  P/P   P/A    A/P    A/A     p           P/P   P/A    A/P   A/A   p           P/P   P/A   A/P   A/A      p         P/P   P/A   A/P  A/A     p 

 
  41      10       1        5       59    0.221        0       0        0       5    n/a            7        1       4       36     0.371   3        0       1     23    1.0 

  42      9         2        1       69    1.0            0       0        0      13   n/a           6        2       1       40     1.0   2        0       0     28    n/a 

  43      6         0        1       40    1.0        1       1        1       3    1.0            3        0       0       30     n/a   3        0       1     10    1.0 

  44      9         6        6       76    1.0          1       2        0       9    0.48          5        4       4       55     1.0   4        2       2     21    1.0 

  45      68       3        8       11    0.228        8       1        2       0    1.0            48      3       6       7       0.505   20      0       2     4      0.48    

  46      65       3        6       16    0.505        8       0        1       5    1.0            47      3       3       11     1.0   18      0       3     5      0.248  

  47      65      10       8       10    0.814        2       0        0       1    n/a           44      7       7       5       1.0   20      3       1     5      0.617  

  48      18       8       10      46    0.814        2       1        0       1    1.0           15      5       7       32     0.773   8        3       3     14    1.0  

  49      63       4        1       3      0.371        2       1        1       0    1.0           41      2       1       2       1.0   22      2       0     1      0.48  

  50     37       4        6       21    0.752        3       0        1       0    1.0           25      2       4       13     0.683   12      2       2     8      1.0  

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left,  

  absent right; A/P= absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; UID= Ust-Ida I; n/a indicates a lack of  

  unilateral occurrence of the trait; bilateral nature of trait #9 refers to left and right facets of the atlas; bold indicates significance



   

1
3

7
 

Table A9. Summary of right side trait incidence and results of statistical analyses 

for sex differences in non-metric traits within each group 

     
                                                                          Kitoi                                          . 

           Shamanka I                            Lokomotiv                            Total Kitoi                                  ISG/UID              .                   

 Trait     M #     F #            p            M #      F #            p             M #      F #       p             M  #   F #          p 

 
   1 1/17 0/6 *1.0           1/9        0/10      *0.474   2/26  0/16 *0.517      0/4       0/3        -  

   2 0/11 1/5       *0.313           1/4        1/2 *1.0  1/15  2/7 *0.227      0/5       0/1        -  

   3      2/47     1/16   0.722           1/26      2/24      0.943  3/73  4/41   0.425       0/14     0/4  - 

   4      17/23  4/7       *0.64           4/5        4/5      *1.0  21/28  9/13 *0.719     2/5       4/6       *0.567 

   5       4/26   0/11     *0.30             1/6        1/6      *1.0  5/32  1/18   0.55       2/6       1/6       *1.0 

   6 30/42 8/15   0.202           18/20    14/18    *0.395  48/62  23/34   0.297       7/10     2/6       *0.302 

   7 2/48 5/16   <0.05           1/24      4/26        0.395  3/72  9/43   <0.05       3/14     2/6       *0.613 

   8 20/43 4/12   0.416           5/10      4/10     *1.0  25/53  8/22   0.391      4/14     2/4       *0.569 

   9C 27/45 14/16   <0.05          12/14   12/12   *0.483  39/59  26/28   <0.01       10/14   3/5       *1.0 

   9H 6/45 0/16   0.294           0/14     0/12     -  6/59  0/28   0.195         1/14     1/5       *0.46 

   9D 12/45 2/16   0.417           2/14     0/12    *0.483  14/59  2/28   0.117       3/14     1/5       *1.0 

   10 4/37 0/14   0.485           0/12     0/10             -  4/48  0/24   0.363       0/14     1/5       *0.263 

   11 20/41 3/16   <0.05           6/13     2/10 *0.379  26/53  5/26   <0.05       3/12     0/5       *0.515 

   12 0/46 1/16   0.577           0/15     1/12   *0.444  0/61  2/28   0.18       0/13     0/4         - 

   13 0/43 1/13   0.522           0/8       0/7     -  0/51  1/20   0.625         1/12     0/4       *1.0 

   14 12/42 3/16   0.669           2/14     3/11 *0.623  14/56  6/27   0.782       3/10     0/4       *1.0 

   15 1/39 1/16   0.897           0/9       0/6      -  1/48  1/22   0.843       0/8       0/2       *1.0 

   16 25/40 13/16   0.175           8/12     7/9 *0.659  33/52  20/25   0.142       4/5       1/2       *1.0 

   17 2/17 3/10 *0.326           1/6       0/7 *0.462  3/23  3/17 *1.0            1/3       0/1       *1.0 

   18 7/34 1/10 *0.659           3/20     0/16 *0.238  10/55  2/27   0.335       2/12     0/3       *1.0 

   19 12/48 12/14   <0.01          10/21   18/20 *<0.01  22/69  31/35   <0.01      4/16     6/9       *0.087 

   20 16/48 4/14   0.992           9/24     11/27       0.813  25/72  15/42   0.915       10/15   3/9       *0.206 

   21 1/50 1/16   0.98             0/25     1/26      0.984  1/75  2/43   0.621       2/12     2/8       *1.0 

   22 1/48 1/23   0.821           0/14     0/14     -  1/62  1/38   0.702         0/4       0/2         - 

   23C 28/48 10/22   0.315          11/22   14/22 *0.543  39/70  25/45   0.987       2/4       3/3       *0.429 

   23H 13/48 9/22   0.247           6/22     3/22 *0.457  19/70  12/45   0.955       2/4       0/3       *0.429 
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                                                                          Kitoi                                          . 

           Shamanka I                            Lokomotiv                            Total Kitoi                                  ISG/UID              .                   

 Trait     M #     F #            p            M #      F #            p             M #      F #       p             M  #   F #          p 

 
   23D 7/48 3/22   0.793           5/22     5/22  *1.0  12/70  8/45   0.930       0/4       0/3         - 

   24 2/44 3/22   0.411           2/12     2/18 *1.0  4/56  5/41   0.622          1/4       0/3       *1.0     

   25 14/49 5/19   0.852           3/16     2/18 *0.648  17/65  7/38   0.370        0/4       n/a        n/a 

   26C 10/41 5/17   0.946           5/21     6/18 *0.723  15/62  11/36   0.492        2/13     2/6       *0.557 

   26H 27/41 12/17   0.727          13/21   12/18 *1.0  40/62  25/36   0.619        8/13     4/6       *1.0 

   26D 4/41 0/17   0.444           3/21     0/18 *0.235  7/62  0/36   0.092        3/13     0/6       *0.517 

   27 8/21 1/10 *0.206           4/8       3/7   *1.0  12/29  4/18 *0.219       0/6       0/2         - 

   28 24/31 12/16 *1.0           8/11     9/12 *1.0  32/42  21/28   0.909        2/2       n/a        n/a 

   29 0/46 1/17   0.601           0/22     1/17 *0.436  0/68  2/34   0.207        0/11     0/4         - 

   30 2/37 0/14   0.937           3/21     0/15 *0.25  5/58  0/30   0.242        0/13     0/3         - 

   31 2/39 1/10 *0.504           0/17      0/18      *1.0  2/59  1/27   0.576      1/3       0/6       *0.333  

   32 3/28 0/11     *0.545           4/15      6/11 *0.228  7/43  6/22   0.471  5/8       0/5       *0.075  

   33     7/28     1/12 *0.396           4/9        6/11      *1.0  11/37  7/24   0.962       2/7       0/2 *1.0 

   34     49/49  17/17      n/a           27/27    22/22      n/a  76/76  40/40    n/a  13/15   7/7       *1.0 

   35     40/46   15/16     0.779           21/23    20/21    *1.0  61/69  36/38   0.466       9/13     3/4       *1.0 

   36 6/23 4/9 *0.407           4/13      2/10      *0.66  10/36  6/20   0.86       1/11     0/5       *1.0 

   37 13/42 3/14   0.733           1/14      1/18      *1.0  14/56  4/33   0.144        1/11     1/8       *1.0 

   38 15/37 4/15   0.347           7/16      4/18     *1.0  22/53  8/34   0.085       4/11     2/8       *1.0 

   39 7/39 1/13   0.657           2/17      0/23   *0.174  9/56  1/37   0.09       1/10     0/5       *1.0 

   40 11/46 0/14   0.103           4/23      2/23 *0.665  15/69  2/38   <0.05         0/10     0/7       *1.0 

   41 9/40 3/14   0.772           2/15      3/15    *1.0  11/55  6/30   1.0        0/5       0/3       *1.0 

   42 5/41 1/11   0.806           1/18      2/16      *0.591  6/59  3/28   0.765       0/7       0/7       *1.0 

   43 1/34 1/7 *0.316           5/11      3/10 *0.659  6/45  4/18   0.624  1/5       2/5       *1.0 

   44 5/48 3/22   0.991           3/19      4/17   *0.684  8/67  7/40   0.423        1/9       0/7       *1.0 

   45 38/46 17/20   0.905           11/16    17/18 *0.078  49/62  34/39   0.298         8/9       5/6       *1.0 

   46 38/48 18/22   0.949           12/14    12/15 *1.0  50/62  30/37   0.958      3/4       2/2       *1.0 

   47 39/47 15/22   0.282           10/14    11/14  *1.0  49/61  26/37   0.255       4/4       1/1       *1.0 

   48 18/47 9/21   0.723           4/14      7/14 *0.44  22/61  16/36   0.414       2/4       0/2       *0.467 
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                                                                          Kitoi                                          . 

           Shamanka I                            Lokomotiv                            Total Kitoi                                  ISG/UID              .                   

 Trait     M #     F #            p            M #      F #            p             M #      F #       p             M  #   F #          p 

 
   49 38/42 14/15   0.845           16/17    13/14 *1.0  54/59  27/30   0.878           2/6       2/2       *0.429 

   50 27/42 10/14   0.871           14/17     8/13 *0.242  41/59  18/28   0.627       5/6       2/2       *1.0 

 
  # refers to the number of right side occurrences only with the exception of trait #3, where the left side score was substituted in when the  

  right was unobservable; UID= Ust-Ida I; *=Fisher‟s Exact test was used due to small sample size; p= p-value; bold indicates significance;  

  dash indicates that the test was not possible due to absence in all observable individuals; n/a indicates a lack of observable individuals 
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Table A10. Summary of right side trait incidence and results of statistical analyses  

for age differences in non-metric traits within each group  

     
                                                                                  Kitoi                                                     . 

                    Shamanka II                              Lokomotiv                              Total Kitoi                                      ISG/UID                .                   

 Trait  0 #  1 #   2 #     3 #    p            0 # 1 #     2 #     3 #       p          0 #    1 #    2 #     3 #         p        0 #  1 #  2 #   3 #         p 

 
  1      0/4 0/13   1/7     0/1 *0.48       0/1 0/9     1/6     0/3 *0.526      0/5   0/22   2/13    0/4   *0.244      0/1  0/2  0/2  0/2     - 

  2      1/4 0/9     0/3     0/1 *0.471     1/1 1/2     0/2     0/1 *0.733      2/5   1/11   0/5      0/2   *0.441      0/1  0/2  0/2  0/1     - 

  3      0/6 3/30   0/23   0/7   0.287     0/3 0/21   2/19   1/8   0.412      0/9   3/51   2/42    1/15   0.889      0/2  0/5  0/8  0/3     - 

  4      2/3 12/17 6/8     2/3 *1.0         1/1  5/5    2/3     1/2 *0.364      3/4   17/22 8/10    3/5   *0.884      1/2  2/2  1/4  2/3    *0.584 

  5      0/5 1/19   3/11   0/3 *0.335     0/0  0/7    1/3     1/2 *0.152      0/6   1/26   4/14    1/5     0.85        0/2  0/2  2/4  1/4    *0.709 

  6      3/6 14/26 18/22 4/5   0.152     1/3 16/17 11/13 6/7 *0.091      4/9   30/43 29/35 10/12  0.093      1/3  2/3  3/6  3/4    *0.764 

  7      3/8 3/30   1/22   1/7   0.099     1/2 2/25   2/19   0/8   0.183      4/10 5/55   3/41    1/15   <0.05      1/3  1/6  1/6  3/4    *0.679 

  8      2/6 10/26 9/19   3/6   0.873     1/2 2/5     6/9     1/5 *0.524      3/8   12/31 15/28  4/11   0.617      1/3  2/5  1/7  2/3    *0.598 

  9C   6/6 18/28 18/23 1/6   <0.01     2/2 6/6     11/13 6/6  *1.0         8/8   24/34  29/36 7/12   0.141      2/3  5/5  4/7  2/4    *0.373 

  9H   0/6 3/28   1/23   2/6   0.149     0/2 0/6     0/13   0/6      -           0/8   3/34   1/36    2/12   0.304      0/3  0/5  0/7  2/4    *0.053 

  9D   0/6 7/28   4/23   3/6   0.185     0/2 0/6     2/13   0/6  *1.0         0/8   7/34   6/35    3/12   0.507      1/3  0/5  3/7  0/4    *0.225 

  10    0/5 3/27   2/18   0/3   0.806     0/2 0/7     0/9     0/5      -           0/7   3/34   2/27    0/7     0.734      0/3  0/5  1/7  0/4    *1.0 

  11    2/6 12/27 8/23   1/3   0.89       1/2 1/6     5/12   1/4  *0.686     3/8   13/33 13/35  2/7     0.962      0/3  1/4  1/7  1/4    *1.0 

  12    0/6 1/29   0/23   0/6   0.747     0/2 1/6     0/14   0/6  *0.5         0/8   2/35   0/37    0/12   0.344      0/2  0/5  0/7  0/4      - 

  13    1/6 0/27   0/21   0/4 *0.172     0/2 0/3     0/8     0/3      -           1/8   0/30   0/29    0/7   *0.203      0/1  1/5  0/7  0/4    *0.588 

  14    1/6 6/24   8/23   0/6   0.34       0/1 1/5     3/14   1/6  *1.0         1/7   7/29   11/37  1/12   0.446      0/2  1/6  2/5  1/2    *0.67 

  15    0/7 1/26   1/19   0/5   0.892     0/2  0/5    0/4     0/4      -           0/9   1/31   1/23    0/9     0.862      0/2  0/5  0/1  0/3      - 

  16    5/7 20/26 10/20 4/5   0.238     3/3 6/6     4/9     2/3  *0.08       8/10 26/32 14/29  6/8     <0.05      1/2  2/2  2/2  0/2    *0.423 

  17    1/4 3/15   1/8     0/1  *1.0        0/2  0/6    1/4     0/1 *0.539      1/6   3/21   2/12    0/2   *1.0          0/1  1/3  n/a  n/a    *1.0 

  18    1/6 4/20   2/14   1/5  *1.0        0/2 3/20   1/12   0/6 *1.0          1/8   7/40   3/26    1/11   0.857      1/1  0/5  1/5  0/5    *0.125 

  19    4/5 11/29 8/22   1/6    0.181    0/1 14/19 11/17 5/7 *0.547      4/6   25/48 19/39  6/13   0.846      1/4  4/6  2/7  3/6    *0.55 

  20    1/5 9/30   7/22   3/6    0.733    1/2 10/24 10/22 1/7   0.51        2/7   19/54 17/44  4/13   0.927      1/4  4/6  4/7  5/6    *0.411 

  21    0/4 2/30   0/25   0/7    0.48      0/2 1/23   0/22   0/8   0.711      0/6   3/53   0/47    0/15   0.267      3/4  0/4  0/5  1/4    *<0.05 

  22    0/6 1/30   0/26   0/5    0.741    0/2 0/15   0/10   0/3      -           0/8   1/45   0/36    1/9     0.201      0/2  0/2  0/2  n/a     - 

  23C  4/7 17/29 12/24 2/7    0.54       0/1 10/23 12/17 4/5 *0.153     4/8   27/52 24/42  7/12   0.942      1/2  2/2  1/1  1/2    *1.0 

  23H  3/7 8/29   7/24   3/7    0.776     0/1 6/23   4/17   0/5 *0.75      3/8   14/52 11/43  3/12   0.915      1/2  0/2  0/1  1/2     *1.0 
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                                                                                  Kitoi                                                     . 

                    Shamanka II                              Lokomotiv                              Total Kitoi                                      ISG/UID                .                   

 Trait  0 #  1 #   2 #     3 #    p            0 # 1 #     2 #     3 #       p          0 #    1 #    2 #     3 #         p        0 #  1 #  2 #   3 #         p 

 
  23D  0/7 4/29   5/24   1/7    0.589     1/1 7/23   1/17  1/5  *0.057     1/8  11/52   6/41   2/12    0.838     0/2  0/2  0/1  0/2      - 

  24    0/7 3/26   2/23   0/7    0.64        n/a 1/16  1/12   2/4  *0.104     0/7  4/42    3/35   2/11    0.628      0/2  0/2  0/1  1/2    *1.0 

  25    0/7 12/31 6/23   1/6    0.182     1/2 3/16   2/12   0/6  *0.41      1/9  15/47   8/35   1/12    0.257      0/1  n/a  0/3   n/a     - 

  26C  5/7 8/29   3/20   1/5    <0.05     2/2 5/17   4/17   1/5  *0.187    7/9  13/46   7/37   2/10   <0.01      1/3  0/5  2/5  0/4    *0.3015 

  26H  2/7 20/29 15/20 3/5    0.154     0/2 12/17 11/17 3/5  *0.376    2/9  32/46   26/37 6/10   <0.05       2/3  3/5  3/5  3/4    *1.0 

  26D  0/7 1/29   2/20   1/6    0.499     0/2 0/17   2/17   1/5  *0.431    0/9   1/46    4/37   2/11    0.169      0/3  2/5  0/5  14     *0.4191 

  27    2/6 5/17   3/8     0/2  *1.0         0/1 4/9     2/4     1/2 *1.0         2/7   9/26    5/12   1/4    *0.933      0/1  0/4  0/1  0/2      - 

  28    2/5 19/21 10/13 4/5  *0.101     n/a 9/11   8/11   2/3 *1.0         2/5   28/32  18/24  6/8     0.107      1/1  1/1  n/a  n/a     *1.0 

  29    1/7 0/28   0/22   0/7  *0.219     0/2 1/18   0/14   0/7 *1.0         1/9   1/46    0/36    0/14   0.167      0/2  0/4  0/4  0/5       - 

  30    2/6 1/25   0/15   0/6  *0.064     0/1 0/18   2/14   1/6 *0.231     2/7   1/43    2/29    1/12   0.078      0/2  0/5  0/4  0/5       - 

  31    0/1 0/27   3/21   0/4    0.183     0/1 0/15   0/13   0/5      -          0/2   0/43    3/34    0/9     0.177     0/1  0/2  1/4  0/4       - 

  32    0/7 2/21   1/12   n/a  *1.0         0/2 7/12   2/8     1/4 *0.334      0/9   9/33    3/20   1/4      0.289     0/3  2/3  2/3  1/4       - 

  33    1/7 4/18   2/15   1/1  *0.296     0/1 7/11   2/5     1/4 *0.459     1/8   11/29  4/20   2/5      0.353      0/1  1/4  0/2  1/2    *1.0 

  34    7/7 30/30 26/26 6/6    -             2/2 23/23 19/19 8/8      -          9/9   53/53  45/45 14/14    -           3/4  6/7  5/5  5/5    *0.667 

  35    5/7 24/27 21/24 6/6    0.465     1/2 22/23 15/15 6/7 *0.073      6/9   46/50  36/39 12/13  0.111     1/1  5/6  2/4  3/5    *0.668 

  36    0/4 5/18   4/10   1/1  *0.239     0/1 3/11   3/7     0/5 *0.491      0/5   8/29    7/17   1/6      0.285     0/4  0/5  1/4  0/2    *0.6667 

  37    1/3 12/29 2/20   0/4    0.056     0/2 2/17   0/11   0/5 *0.686      1/5   14/46  2/31   0/9      <0.05     2/3  0/4  0/6  0/5    *<0.05 

  38    1/3 7/27   9/19   0/2    0.341     0/2 3/18   6/12   2/5 *0.177      1/5   10/45  15/31 2/7      0.103     0/3  1/4  3/6  2/5    *0.6105 

  39    0/1 4/29   3/17   1/4    0.902     0/2 1/18   0/16   1/6 *0.348      0/3   5/47    3/33   2/10    0.643     0/3  0/4  0/5  1/2    *0.1429 

  40    1/3 6/25   3/26   1/5    0.621     0/2 1/19   5/21   0/7 *0.243      1/5   7/44    8/47   11/12  <0.01    0/3  0/4  0/5  0/4        - 

  41    0/5 2/25   7/20   2/4    <0.05     n/a 1/14   2/13   2/6  *0.296     0/5   3/39    9/33   4/10    <0.05    0/1  0/4  0/2  0/1        - 

  42    0/3 4/24   2/23   1/2    0.331     0/1 2/14   0/14   1/7  *0.451     0/4   6/38    2/37   2/9       0.307    0/2  0/3  0/5  0/4        - 

  43    0/3 2/22   1/15   0/2  *1.0         n/a 2/9     2/6     4/7  *0.466     0/3   4/31    3/21    4/9      0.119    1/2  0/2  1/3  1/3   *1.0 

  44    0/6 3/29   5/25   0/6    0.362     1/2 1/17   5/15   0/5  *0.089     1/8   4/46    10/40  0/11    0.079    1/3  0/4  0/6  0/3   *0.375 

  45    4/6 22/28 20/23 1/5    <0.05     1/2 13/16 10/12 5/5  *0.49      5/8   35/44  30/35 10/10  *0.189    3/3  3/4  4/5  3/3  *1.0 

  46    4/5 25/30 19/26 4/6    0.728     1/2 10/13 12/13 3/3  *0.318     5/7   35/43  31/39  7/9      0.942    1/2  2/2  2/2  n/a   *1.0 

  47    6/6 19/29 23/27 5/6    0.156     1/2  9/14  11/12 2/3  *0.254     7/8   28/43  34/39  7/9      0.104    1/1  2/2  2/2  n/a        - 

  48    4/6 12/27 5/27   4/6    <0.05     0/1  4/13   4/13  3/4  *0.378     4/7   16/40  9/40    7/10    <0.05   0/2  1/2  1/2  n/a    *1.0 
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                                                                                  Kitoi                                                     . 

                    Shamanka II                              Lokomotiv                              Total Kitoi                                      ISG/UID                .                   

 Trait  0 #  1 #   2 #     3 #    p            0 # 1 #     2 #     3 #       p          0 #    1 #    2 #     3 #         p        0 #  1 #  2 #   3 #         p 

 
  49    4/4 25/26 23/26 2/3   0.285     1/1  13/15 9/10  6/6  *1.0         5/5   38/41 32/37  8/9      0.699      1/1  0/2  3/4  0/1    *0.257 

  50    4/4 15/26 16/25 2/3   0.44       1/1  10/14 2/6    2/6  *0.186     5/5   25/40 25/36  4/9      0.186      1/1  1/2  4/4  1/1    *0.5 

 
  # refers to the number of right side occurrences only with the exception of trait #3, where the left side score was substituted in when the right was  

  unobservable; UID= Ust-Ida I; *=Fisher‟s Exact test was used due to small sample size; p=p-value; bold indicates significance; dash indicates    

  that the test was not possible due to absence in all observable individuals; text in blue indicates that Fisher‟s Exact test was used even though  

  sample size greater than 50; chi-squared tests had three degrees freedom 
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Table A11. Results of statistical analyses of 2x2 contingency tables for non-metric traits 

having significant age differences in 4x2 contingency tables 

 
     Shamanka II                                  Total Kitoi                             ISG/UID         .  

  Trait  Between:    x
2
         p         Between:       x

2
            p             Between:     x

2
        p  

 
  7             0 and 1       4.4333     <0.05 

             0 and 2     4.7544     <0.05      

 9C      3 and 0               *<0.05 

            3 and 2    *<0.05  

 16                   1 and 2     7.3273     <0.01 

 21          0 and 2         *<0.05 

 26C    0 and 2               *<0.05        0 and 1    5.9794      <0.05 

             0 and 2        *<0.01 

             0 and 3        *<0.05 

 26H             1 and 0      5.2828      <0.05 

             2 and 0        *<0.05 

             3 and 0          *<0.05 

 37             1 and 2    6.471        <0.05  Almost 

            0 and 2         *0.083 

 40             3 and 0        *<0.01 

             3 and 1      21.4577    <0.01 

             3 and 2      21.0971    <0.01 

  41      Almost            2 and 1      4.9343      <0.05 

 2 and 1    *0.057        3 and 1                     *<0.05 

  45 1 and 3    *<0.05 

 2 and 3    *<0.01 

  48 0 and 2     *<0.05       0 and 2            *<0.05 

 1 and 2  4.2067   <0.05       3 and 2      6.2557       <0.05 

 3 and 2      *<0.05    

 
UID= Ust-Ida I; x

2
 indicates chi-squared result; * indicates that Fisher‟s Exact test was used due     

 to small sample size; p=p-value 
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Table A12. Summary of trait incidence and results of statistical analyses on differences in bilateral traits  

between overall samples 

    . 

                     Left Side Data                     Right Side Data                         Left Side Data       .           Right Side Data            . 

 Trait  Kitoi #  ISG #       p           Kitoi #  ISG #       p           Sham #  Loko #       p            Sham #  Loko #      p          

 
   3     6/102   0/17   0.669           5/116    0/17      0.849  3/62  3/40   0.899       2/67 3/49 0.72  

   4      33/44  12/14     0.639           31/43    6/11        0.451  23/30  10/14 *0.722     22/32 9/11   *0.698 

   5      3/60   1/15       0.699           6/53      3/12        0.438  2/41  1/19   0.567       4/39 2/14 0.934 

   6 67/93 12/17   0.865           74/101  9/16        0.273  40/57  27/36   0.614       39/60 35/41 <0.05 

   7 17/117 12/24   <0.01          14/123   5/20        0.191  9/65  8/52   0.815       8/68 6/55 0.882 

   9C 62/89 15/19   0.417           69/91    13/19     0.701  42/64  20/25   0.185  44/64 25/27 <0.05 

   9H 11/89 1/19   0.623           6/91      2/19   0.909  10/64  1/25   0.255         6/64 0/27 0.237 

   9D 16/89 3/19   0.917           16/91    4/19      0.976  12/64  4/25   0.761       14/64 2/27 0.176 

   19 64/110 12/23   0.597           54/107  10/25   0.346  27/61  37/49   <0.01      24/63 30/44 <0.01 

   20 35/118 10/22   0.145           42/118  12/24      0.185  17/61  18/57   0.659       20/63 22/55 0.35 

   21 4/123 4/23   <0.05           3/125    4/19      <0.01  2/68  2/55   0.768       2/69 1/56 0.855 

   22 1/109 0/7   0.064           2/108    0/6   0.207  1/69  0/40   0.782         2/77 0/31 0.907  

   23C 54/115 6/8   0.243           67/124  5/7   0.61  33/73  21/42   0.62       41/76 26/48 0.872  

   23H 35/115 2/8   0.941           34/124  2/7   0.712  27/73  8/42   <0.05      23/76 11/48 0.372   

   23D 26/115 0/8   0.286           23/124  0/7    0.457  13/73  13/42   0.105     12/76 11/48 0.32    

   24 11/97 0/4   0.916           10/106  1/7   0.811  5/65  6/32   0.203     6/72 4/34 0.835        

   25 21/102 0/6   0.479           29/112  0/4   0.654  16/68  5/34   0.30       22/74 7/38 0.196   

   26C 29/107 2/17   0.291           29/103  4/19   0.522  14/60  15/47   0.322     17/61 12/42 0.938     

   26H 72/107 10/17   0.493           67/103  12/19   0.874  43/60  29/47   0.276        40/61 27/42 0.893 

   26D 5/107 5/17   <0.01           7/103    3/19   0.391  2/60  3/47   0.779        4/61 3/42 0.777 

   28 49/63 1/1   0.493           58/76    2/2   0.948  34/44  15/19   0.855        39/50 19/26 0.632 

   31     2/66     0/6   0.387           4/70      1/8   0.984             2/43  0/23   0.767  4/44 0/26 0.294 

   36     14/56   1/13       0.322          16/57     1/15   0.163  9/33  5/23   0.638  10/33 6/24 0.66 

   37     20/104 6/20       0.433          19/94     2/19   0.505  19/60  1/44   <0.01  17/59 2/35 <0.01 

   38     37/98   7/18       0.927          31/91     6/19   0.835  27/55  10/43   <0.01  20/54 11/37 0.47 

   39     7/101    3/15    0.234         10/96     1/15   0.99  5/51  2/50   0.449  8/54 2/42 0.207 

   40     16/112  1/19    0.476         17/112   1/17   0.512  10/63  6/49   0.586  11/62 6/50 0.40 
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      . 

                     Left Side Data                     Right Side Data                         Left Side Data       .           Right Side Data            . 

 Trait  Kitoi #  ISG #       p           Kitoi #  ISG #       p           Sham #  Loko #       p            Sham #  Loko #      p          

 
   41     12/94    0/8    0.614         17/90     0/9   0.333  9/58  3/36   0.486  12/57 5/33 0.491 

   42     14/97    0/17    0.203         10/91     0/14   0.415  11/59  3/38   0.141  7/55 3/36 0.755 

   43     10/66    2/9    0.954         11/66     3/10   0.565  3/42  7/24   <0.05  3/44 8/22 <0.01 

   44     18/112  4/15    0.513         16/114   1/16   0.639  9/73  9/39   0.14  9/73 7/41 0.484 

   45     82/106  11/16    0.661         89/109   13/15   0.907  56/71  26/35   0.596  59/72 30/37 0.912 

   46     81/105  3/6    0.309         85/108   3/6   0.258  54/69  27/36   0.706  59/76 26/32 0.675 

   47     84/108  7/8    0.842         83/108   5/5   0.504  52/68  32/40   0.67  59/76 24/32 0.767 

   48     36/101  4/8    0.667         40/106   2/6   0.828  22/65  14/36   0.612  29/74 11/32 0.639 

   49     81/85    4/5    0.655         87/97     4/8   <0.01  49/52  32/33   0.956  56/62 31/35 0.94 

   50     53/85    4/5    0.75          62/94     7/8   0.392  32/52  21/33   0.85  40/61 22/33 0.915 

 
  *=Fisher‟s Exact test was used due to small sample size; p= p-value; bold indicates significance 
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Table A13. Summary of trait incidence and results of statistical analyses on differences in 

midline traits between overall samples 

 
    Trait  Kitoi #   ISG #     p           Sham # Loko #    p 

 
   1  2/44    0/7    0.636 1/25 1/19    *1.0 

   2  3/23    0/6      *1.0  1/17 2/6      *0.155 

   8  6/18    34/81   0.42  24/60 10/21 0.543 

   10  5/78    1/19    0.73  5/55 0/23 0.323 

   11  31/86    3/18    0.111 23/61 8/25 0.617 

   12  2/93    0.18    0.734 1/65 1/28 0.874 

   13  1/75    1/17    0.81  1/59 0/16 0.481 

   14  20/86    4/15    0.775 15/60 5/26 0.561 

   15  2/73    0/11    0.614 2/58 0/15 0.875 

   16  54/80    5/8    0.088 39/59 15/21 0.654 

   17  6/41    1/4      *0.505 5/28 1/13    *0.645 

   18  12/86    2/16    0.125 8/46 4/40 0.324 

   27  17/50    0/8    0.123 10/34 7/16    *0.353 

   29  3/106    0/15    0.586 1/65 1/41 0.688 

   30  6/92    0/16    0.646 3/53 3/39 0.97 

   32  13/66    5/13    0.266 3/40 10/26 <0.01 

   33  18/62    2/9    0.978 8/41 10/21 <0.05 

   34  124/124  20/22 <0.05  71/71 53/53 - 

   35  102/113  12/17 <0.05  57/65 45/48 0.452 

 
  UID= Ust-Ida I; p=p-value; bold indicates significance; * indicates that Fisher‟s Exact Test was  

  used due to small sample size 
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Table A14. Summary of right side trait incidence and results of statistical analyses  

for differences in non-metric traits between Kitoi and ISG subsamples  

     
         Males                      Females                  15-20                             20-35         .             35-50                       50+                .                          

 Trait    K #   I #     p         K #   I #       p       K #     I #    p   K #   I #      p              K #   I #        p         K #   I #      p 

 
   1      2/26   0/4   *1.0         0/16   0/3     -           0/5   0/1      -            0/22   0/2     -            2/13   0/2  *1.0          0/4    0/2     -   

   2      1/15   0/5   *1.0         2/7     0/1  *1.0       2/5   0/1   *1.0         1/11   0/2  *1.0          0/5     0/2     -           0/2    0/2     - 

   3      3/73   0/14   0.978     3/41   0/5  *1.0         0/9   0/2      -           3/52   0/5    0.6195    2/42   0/8    0.7231   1/15   0/3  *1.0 

   4      21/28 2/5   *0.1493   9/13   4/6  *1.0         3/4   1/2   *1.0   17/22 2/2  *1.0 8/10   1/4  *0.0949   3/6     2/3  *1.0 

   5      5/32   2/6   *0.3025   1/18   1/6  *0.4457   0/6   0/2      -   1/26   0/2  *1.0          4/14   2/4  *0.5686   1/5     1/4  *1.0 

   6      48/62 7/10   0.9113   23/34 2/6  *0.1737   4/9   1/3   *1.0   30/43 2/3  *1.0          29/35 3/6  *0.1075   10/12 3/4  *1.0 

   7      3/72   3/14   0.0807   9/43   2/6  *0.6052   4/10 1/3   *1.0   5/55   1/6    0.8964    3/41   1/6  *0.4322   1/15   2/4  *0.097 

   8      25/54 4/14   0.2116   8/22   2/4    0.6254   3/8   1/3   *1.0   12/31 2/5  *1.0          15/28 1/7  *0.0964   4/11   2/3  *0.5385 

   9C   39/59 10/14 0.9482   26/28 3/5  *0.0993   8/8    2/3  *0.2727   24/34 5/5  *0.3019    29/36 4/7  *0.3249   7/12   2/4  *1.0 

   9H   6/59   1/14   0.8736   0/28   1/5  *0.1515   0/8    0/3      -    3/34   0/5 *1.0          1/36   0/7  *1.0          2/12  2/4  *0.2445 

   9D   14/59 3/14   0.8661   2/28   1/5  *0.3996   0/8    1/3  *0.2727   7/34   0/5  *0.5628   6/36   3/7   *0.1466   3/12  0/4  *0.5286 

   10    4/48   0/14   0.6181   0/24   1/5  *0.1724   0/7    0/3      -    3/34   0/5  *1.0 2/27   1/7   *0.5112   0/7    0/4      - 

   11    26/53 3/13   0.0908   5/26   0/5  *0.5601   3/8    0/3  *0.4909   13/33 1/4  *1.0 13/35 1/7   *0.3922   2/7    1/4  *1.0 

   12    0/61   0/14   n/a         2/28   0/4  *1.0         0/8    0/2      -    2/35   0/5  *1.0 0/37   0/7      -           0/12   0/4      - 

   13    0/51   1/13   0.457     1/20   0/4  *1.0         1/8    0/1  *1.0    0/30   1/5  *0.1429   0/29   0/7      -           0/7     0/4      - 

   14    14/47 3/11   0.8391   6/27   1/4  *1.0         1/7    0/2  *1.0    7/29   1/6  *1.0 11/37 2/5  *0.637     1/12   1/2  *0.2747 

   15    1/43   0/9     0.3829   1/22   0/2  *1.0         0/9    0/2      -    1/31   0/5  *1.0 1/23   0/1  *1.0         0/9     0/3       - 

   16    33/52 4/6     0.7688   20/25 1/2  *0.4017   8/10  1/2  *0.4545   26/32  2/2 *1.0 14/29 2/2  *0.4839   6/8     0/2  *0.1333 

   17    3/23   1/3   *0.4077   3/17   0/1  *1.0         1/6    0/1  *1.0    3/21   1/3  *0.4368   2/12   n/a    n/a         0/2     n/a    n/a 

   18   10/55  2/13   0.8677   2/27   0/3  *1.0         1/8    1/1  *0.2222   7/40    0/5 *0.5771   3/26   1/5  *0.5249   1/11   0/5  *1.0 

   19   22/69  4/16   0.8124   31/35 6/9  *0.1383   4/6    1/4  *0.5238   25/48  4/6   0.8094   19/39 2/7  *0.4285   6/13   3/6  *1.0 

   20   25/72  11/15 <0.01    15/42 3/9     0.8036   2/7    1/4  *1.0    19/54  4/6   0.2882   17/44 4/7    0.6096   4/13   5/6  *0.0573 

   21   1/75    2/11   <0.05     2/43   2/8    0.2114   0/6    3/4  *<0.05     3/53    0/4 *0.5015   0/47   0/5      -           0/15   1/4  *0.2105 

   22   1/62    0/4     0.0635   1/38   0/2  *1.0         0/8    0/2      -    1/45    0/2 *1.0 0/36   0/2      -           1/9     n/a    n/a 

   23C 39/70  2/4     0.7691   25/45 3/3    0.2553   4/8    1/2  *1.0    27/42  2/2   0.5382   24/41 1/1  *1.0         7/12   1/2  *1.0 

   23H 19/70  2/4     0.6774   12/45 0/3  *0.5629   2/9    2/3  *0.2365   14/52  0/2   0.9757   11/41 0/1   *1.0         3/12   1/2  *0.5055 
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         Males                      Females                  15-20                             20-35         .             35-50                       50+                .                          

 Trait    K #   I #     p           K #   I #       p       K #     I #    p   K #   I #      p              K #   I #        p         K #   I #      p 

 
   23D 12/70  0/4      0.836     8/45    0/3   *1.0       1/8    0/2  *1.0    11/52  0/2   0.868     6/41   0/1  *1.0         2/12   0/2   *1.0 

   24   4/56    1/4      0.755     5/41    0/3   *1.0       0/7    0/2     -    4/42    0/2 *1.0 3/35   0/1  *1.0         2/11   1/2   *0.423 

   25   17/65  0/4      0.562     7/38    n/a      n/a      1/9    0/1   *1.0    15/47  n/a   n/a 8/35   0/3  *1.0         1/12    n/a    n/a 

   26C 15/62  2/13    0.745     11/36  2/6   *1.0       7/9   1/3    *0.236   13/46  0/5   0.403     7/37   2/5  *0.288     2/10    0/4  *1.0 

   26H 40/62  8/13    0.909     25/36  4/6   *1.0       2/9   2/3    *0.236   32/46  3/5   0.945     26/37 3/5  *0.637     6/10    3/4  *1.0 

   26D 7/62    3/13    0.492     0/36    0/6      -          0/9   0/3      -    1/46    2/5   <0.05     4/37   0/5  *1.0         2/10   1/4   *1.0 

   27   12/29  0.6    *0.074     4/18    0/2   *1.0       2/7    0/1   *1.0    9/26    0/4 *0.287     5/12   0/1  *1.0         1/4     0/2   *1.0 

   28   32/42  2/2    *1.0         21/28  n/a     n/a       2/5    1/1   *1.0    28/32  1/1 *1.0 18/24  n/a    n/a         6/8     n/a     n/a 

   29   0/68    0/11    -           2/34   0/4   *1.0        1/9    0/2   *1.0    1/46    0/4   0.118     0/35   0/4     -            0/14   0/5     - 

   30   5/58    0/13    0.618     0/30   0/3     -            2/7   0/2   *1.0    1/43    0/5 *1.0 2/29   0/4  *1.0         1/12    0/5  *1.0 

   31    2/59   1/3      0.328     1/27   0/6   *1.0        0/2   0/1      -           0/42    0/2         -       3/34   1/4   *0.371    0/8     0/4      -   

   32    7/43   5/8      p<0.05   6/22   0/5   *0.555    0/9   0/3      -           9/33    2/3  *0.216    3/20   2/3   *0.107    1/4     1/4      - 

   33    11/37 2/7    *1.0         7/24   0/2   *1.0        1/8   0/1   *1.0        11/29  1/4   *1.0        4/20   0/2   *1.0        2/5    1/2   *1.0 

   34    76/76 13/15  <0.05     40/40 7/7       -          9/9   3/4  *0.308    53/53   6/7    0.229    45/45 5/5        -         14/14 5/5      - 

   35    61/69 9/13    0.172     36/38 3/4   *0.265    6/9   1/1   *1.0    46/50  5/6    0.957    36/39 2/4   *0.06       12/13 3/5  *0.172 

   36    10/36 1/11  *0.416     6/20   0/5   *0.289    0/5   0/4      -    8/29    0/5  *0.309    7/17   1/4   *1.0         1/6     0/2  *1.0 

   37    14/56 1/11    0.446     4/33   1/8   *1.0        1/5   2/3   *0.464    14/46  0/4    0.472     2/31   0/6   *1.0         0/9    0/5      - 

   38    22/53 4/11    0.068     8/34   2/8   *1.0        1/5   0/3   *1.0    10/45  1/4  *1.0        15/31 3/6   *1.0         2/7     2/5  *1.0 

   39    9/56   1/10    0.988     1/37   0/5   *1.0        0/3   0/3      -           5/47    0/4    0.85      3/33   0/5   *1.0         2/10   1/2  *0.455 

   40    15/69 0/10    0.228     2/38   0/7   *1.0        1/5   0/3   *1.0    7/44    0/4  *1.0        8/47   0/5   *0.726     1/12   0/4  *1.0 

   41    11/55 0/5      0.615     6/30   0/3   *1.0        0/5   0/1      -           3/39    0/4  *1.0        9/33   0/2   *1.0         4/10   0/1  *1.0 

   42    6/59   0/7      0.86       3/28   0/7   *1.0        0/4   0/2      -    6/38    0/3  *1.0 2/37   0/5   *1.0         2/29   0/4  *1.0 

   43    6/45   1/5    *0.786     4/18   2/5   *0.576    0/3   1/2   *0.4        4/31    0/2  *1.0        3/21   1/3   *0.437     4/9     1/3  *1.0 

   44    8/67   1/9      0.633     7/40   0/7   *0.573    1/8   1/3   *0.491    4/46    0/4    0.729   10/40  0/6   *0.315     0/11   0/3     - 

   45    49/62 8/9      0.806     34/39 5/6   *1.0        5/8   3/3   *0.491    35/44  3/4  *1.0        30/35 4/5   *1.0         10/10 3/3     - 

   46    50/62 3/4      0.709     30/37 2/2   *1.0        5/7   1/2   *1.0    35/43  2/2  *1.0        31/39 2/2   *1.0         7/9     n/a    n/a 

   47    49/61 4/4      0.751     26/37 1/1   *1.0        7/8   1/1   *1.0    28/43  2/2  *0.546    34/39 2/2   *1.0         7/9     n/a    n/a 

   48    22/61 2/4      0.98       16/36 0/2   *0.499    4/7   0/2   *0.444    16/40  1/2   *1.0        9/40  1/2   *0.424      7/10   n/a   n/a 

   49    54/59 2/6    *<0.01     27/30 2/2   *1.0        5/5   1/1       -    38/41  0/2  *<0.05    32/37 3/4   *0.483     8/9     0/1 *0.2 
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         Males                      Females                  15-20                             20-35         .             35-50                       50+                .                          

 Trait    K #   I #     p         K #   I #       p       K #     I #    p   K #   I #      p              K #   I #        p         K #   I #      p 

 
  50    41/59 5/6     0.811      18/28 2/2     *0.54     5/5   1/1       -         25/40 1/2     *1.0         25/36 4/4   *0.56       4/9     1/1 *1.0 

 
  # refers to the number of right side occurrences only with the exception of trait #3, where the left side score was substituted in when the right was  

  unobservable; K= Kitoi; I=ISG/UID; *=Fisher‟s Exact test was used due to small sample size; p=p-value; bold indicates significance; dash  

  indicates that the test was not possible due to absence in all observable individuals; n/a indicates a lack of observable individuals 
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Table A15. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within Kitoi and ISG/UID males and females 

     
                                           Kitoi                                                                                  ISG/UID                                                

                         Males                                Females                                  Males                                 Females                  .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      2       0       0      53     n/a           3      0      0     30   n/a      0     0      0     13   n/a    0      0      0      2     n/a 

     4       12     2       0      1       0.48         0      1      0     1     1.0          2     1      0     2     1.0    4      2      0      0     0.48 

     5      1       0       3      18     0.248       0      0      0     8     n/a      2     0      4     0     0.134    0      0      1      5    1.0 

     6          32     7       7      4       1.0         10    7      3     4     0.343      6     1      0     0     1.0    1      2      1      1    1.0 

     7      1       4       2      61     0.683       6      5      1     23   0.221      1     4      2     6     0.683    2      1      0      2    1.0 

     9C       31     4       6      16     0.752       22    1      3     1     0.617      9     1      1     3     1.0    3      2      0      0    0.48 

     9H      6       2       0      49     0.48         0      2      0     25   0.48        0     1      1     12   1.0    0      0      1      4    1.0 

     9D      9       5       5      38     1.0         0      2      2     23   1.0      2     1      1     10   1.0    0      0      1      4    1.0 

     19      19     5       3      36     0.724       30    3      0     1     0.248      4     3      0     8     0.248    4      0      0      3    n/a 

     20        9       8       13    36     0.383       9      4      6     22   0.752      7     2      3     2     1.0    2      0      0      4    n/a 

     21      0       2       1      64     1.0         2      0      0     37   n/a      1     0      1     9     1.0    1      0      1      4    1.0 

     22      0       0       1      56     1.0         1      0      0     33   n/a      0     0      0     2     n/a    0      0      0      1    n/a 

     23C      26     4       7      25     0.547       17    3      6     14   0.505      2     0      0     1     n/a    1      0      0      0    n/a 

     23H      13     8       6      36     0.789       5      7      5     23   0.773      1     0      0     2     n/a    0      0      0      1    n/a 

     23D      8       4       3      47     1.0         4      4      3     29   1.0      0     0      0     3     n/a    0      0      0      1    n/a 

     24      2       3       1      43     0.617       3      2      2     25   1.0      0     0      0     3     n/a    0      0      0      0    n/a 

     25        6       3       6      36     0.505       4      3      3     24   1.0      0     0      0     4     n/a     -      -       -      -      - 

     26C     8       2       4      40     0.683       8      1      2     21   1.0      1     0      0     8     n/a    1      0      0      3    n/a 

     26H     34     6       2      11     0.289       20    2      2     8     1.0      4     0      1     4     1.0    3      0      0      1    n/a 

     26D     3       0       2      48     0.48         0      1      0     31   1.0      3     1      0     5     1.0    0      0      0      4    n/a 

     28       20     1       2      5       1.0         11    1      0     3     1.0      0     0      0     0     n/a    -       -       -      -       - 

     31      1       0       0      33     n/a           1      0      0     11   n/a      0     0      0     0     n/a    0      0      0      3     n/a 

     36       6       1       1      23     1.0           3      1      2     10   1.0          1     0      0     9     n/a    0      0      0      3     n/a 

     37      13     3       0      30     0.248       1      0      3     25   0.248      0     4      1     5     0.371    1      0      0      4     n/a 

     38        17     7       1      18     0.077       5      2      1     20   1.0          4     0      0     4     n/a    1      0      1      3     1.0 

     39      4       0       4      33     0.134       0      1      1     32   1.0          1     1      0     4     1.0    0      0      0      3     n/a 
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                                           Kitoi                                                                                  ISG/UID                                                

                         Males                                Females                                  Males                                 Females                  .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     40       8       2       4      45     0.683       2      2      0     30   0.48        0     1      0     8     1.0    0      0      0      5     n/a 

     41      6       1       3      37     0.617       4      0      2     20   0.48        0     0      0     4     n/a    0      0      0      1     n/a 

     42      4       2       1      46     1.0         3      0      0     21   n/a      0     0      0     7     n/a    0      0      0      6     n/a 

     43      4       0       0      28     n/a           1      0      1     11   1.0          0     1      1     2     1.0    0      0      0      1     n/a 

     44        5       5       3      49     0.724       3      0      3     28   0.248      1     2      0     5     0.48    0      0      0      4     n/a 

     45      35     2       8      7       0.114       29    0      0     3     n/a      7     1      0     0     1.0    1      0      2      0     0.48 

     46      37     2       6      9       0.289       25    1      0     5     1.0          1     0      0     1     n/a    1      0      0      0     n/a 

     47      35     7       7      4       1.0           24    3      1     5     0.617      3     0      0     0     n/a    0      0      0      0     n/a 

     48      13     6       6      26     1.0           9      1      4    17    0.371      2     1      0     0     1.0    0      0      0      1     n/a 

     49      41     2       1      3       1.0         18    2      0     0     0.48        1     1      1     0     1.0    1      0      0      0     n/a 

     50      26     2       5      14     0.45         9      2      1     5     1.0      2     0      1     0     1.0    1      0      0      0     n/a 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left,  

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; UID= Ust-Ida I; n/a indicates a lack of  

  unilateral occurrence of the trait; dash indicates a trait in which no individuals were observable; bilateral nature of trait #9 refers to left and right  

  facets of the atlas 
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Table A16. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within each Kitoi age group 

 
                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      0       0       0      9       n/a           2      0      0     36   n/a      2     0      0     31   n/a    1      0      0      10     n/a 

     4       0       0       0      1       n/a           8      1      0     1     1.0          3     2      0     0     0.48    0      0      0      0       n/a 

     5      0       0       0      3       n/a         0      0      1     13   1.0      1     0      2     8     0.48          0      0      0      2       n/a 

     6          3       3       1      2       0.617      15    5      4     5      1.0      19   5      4     2     1.0    5      1      2      0       1.0 

     7          2       1       0      5       1.0         4      4      1     39   0.371      1     2      2     33   1.0    11    2      0      0       0.48 

     9C       8       0       0      0       n/a         17    3      6     7     0.505      23   0      1     7     1.0    4      1      2      3       1.0 

     9H      0       0       0      8       n/a         3      4      0     26   0.134      1     1      0     29   1.0    2      0      0      8       n/a 

     9D      0       0       0      8       n/a         3      3      4     23   1.0      5     1      1     24   1.0    1      2      1      6       1.0 

     19      3       0       1      2       1.0         24    4      1     16   0.371      13   3      0     11   0.248    5      0      0      7       n/a 

     20      2       1       0      4       1.0         10    6      9     26   0.606      7     5      8     21   0.579    0      0      3      8       0.248 

     21      0       0       0      6       n/a         2      0      1     48   1.0      0     2      0     38   0.48    0      0      0      13     n/a 

     22      0       0       0      7       n/a         0      0      1     36   1.0      1     0      0     34   n/a    0      0      0      8       n/a 

     23C      3       1       0      2       1.0        15     1      8     19   <0.05     19   5      4     11   1.0    3      1      1      4      1.0 

     23H     2       0       1      3       1.0         7      9      5     22   0.423      5     4      5     25   1.0    2      2      1      4      1.0 

     23D      0       0       0      6       n/a         4      7      4     28   0.547      5     1      1     32   1.0    1      0      1      7      1.0 

     24        0       0       0      5       n/a         3      1      1     30   1.0      0     2      3     24   1.0    2      1      0      5      1.0 

     25      0       1       1      6       1.0         6      1      7     24   0.077      4     2      1     23   1.0    0      2      0      6      0.48 

     26C     6       0       0      4       n/a         7      2      3     26   1.0      4     2      2     26   1.0    1      0      1      7      1.0 

     26H      2       0       0      5       n/a         25    3      2     7     1.0     22    2      3     7     1.0    5      3      0      1      0.248 

     26D     0       0       0      7       n/a         0      0      0     37   n/a      3     0      0     30   1.0    0      1      1      7      1.0 

     28      2       0       0      3       n/a         15    0      1     1     1.0     11    1      1     3     1.0    3      1      0      0      1.0 

     31      0       0       0      1       n/a           0      0      0     25   n/a      2     0      0     14   n/a    0      0      0      6       n/a 

     36       0       0       0      5       n/a           5      1      1     17   1.0          4     0      2     8     0.48     0      1      0      4       1.0 

     37      1       0       0      4       n/a         11    2      2     26   1.0      2     1      0     21   1.0            0      0      0      7       n/a 

     38        1       0       0      4       n/a           7      9      1     22   <0.05      10   1      1     9     1.0    2      0      0      4       n/a 

     39        0       0       0      2       n/a         1      1      4     33   0.371      2     0      0     33   n/a    1      0      1      6       1.0 

     40        1       0       0      4       n/a         5      3      2     29   1.0      4     0      2     34   0.48    0      0      0      11     n/a 
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                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     41      0       0       0      3       n/a         2      0      1     33   1.0          7     1      1     17   1.0    1      0      2      6       0.48 

     42      0       0       0      4       n/a         4      1      1     28   1.0      2     1      0     28   1.0    2      0      0      7       n/a 

     43      0       0       0      3       n/a         2      0      0     21   n/a          2     0      0     11   n/a    2      0      1      3       1.0 

     44      1       0       0      7       n/a         2      3      2     33   1.0          5     2      4     22   0.683    0      1      0      9       1.0 

     45      3       0       0      3       n/a         25    1      3     6     0.617      24   1      3     2     0.617    9      0      1      0       1.0 

     46      4       0       1      2       1.0         25    1      1     6     1.0      25   2      3     5     1.0    5      0      1      1       1.0 

     47      6       0       0      1       n/a         20    6      2     6     0.289      28   3      4     0     1.0    3      2      1      1       1.0 

     48        2       0       2      3       0.48         11    1      2     16   1.0          5     5      3     22   0.724    3      1      2      2       1.0 

     49      5       0       0      0       n/a         29    2      0     1     0.48        20   1      1     2     1.0    6      1      0      0       1.0 

     50        5       0       0      0       n/a         14    3      4     9     1.0      14   0      2     8     0.48    3      1      0      3       1.0 

 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left,     

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; UID= Ust-Ida I; n/a indicates a lack of  

  unilateral occurrence of the trait; bold indicates significance; bilateral nature of trait #9 refers to left and right facets of the atlas 
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Table A17. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within each ISG age group 

 
                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      0       0       0      2       n/a           0      0      0     4     n/a      0     0      0     6     n/a    0      0      0      3       n/a 

     4       1       0       0      1       n/a           2      0      0     0     n/a          1     2      0     1     0.485        2      1      0      0       1.0 

     5      0       0       0      2       n/a           0      0      0     2     n/a      1     0      1     2    1.0    0      0      1      3       1.0 

     6      1       2       0      0       0.485       2      0      0     0     n/a      2     0      0     1     n/a    2      1      1      0       1.0 

     7      1       1       0      1       1.0         1      2      0     2     0.485      1     1      0     4    1.0    0      0      2      0       0.48 

     9C      2       0       0      1       n/a         4      0      1     0     1.0      3     1      1     0    1.0    2      1      0      1       1.0 

     9H      0       0       0      3       n/a         0      1      0     4     1.0      0     0      0     5    n/a    0      0      2      2       0.48 

     9D      1       0       0      2       n/a         0      0      0     5     n/a      0     1      1     3    1.0    0      1      0      3       1.0 

     19      1       0       0      3       n/a         4      0      0     2     n/a      5     1      1     2    1.0    2      1      0      1       1.0 

     20      1       1       0      2       1.0         2      0      2     1     0.485      4     0      0     1    n/a    2      0      1      1       1.0 

     21      1       0       2      0       0.485       0      0      0     4     n/a      0     0      0     5    n/a    1      0      0      1       n/a 

     22      0       0       0      2       n/a         0      0      0     0     n/a      0     0      0     1    n/a    -       -       -       -        - 

     23C      1       0       0      1       n/a         2      0      0     0     n/a      0     0      0     0    n/a    0      0      0      0       n/a 

     23H      1       0       0      1       n/a         0      0      0     2     n/a      0     0      0     0    n/a    0      0      0      0       n/a 

     23D      0       0       0      2       n/a         0      0      0     2     n/a      0     0      0     0    n/a    0      0      0      0       n/a 

     24      0       0       0      1       n/a         0      0      0     2     n/a      0     0      0     0    n/a    0      0      0      0       n/a 

     25      0       0       0      1       n/a         0      0      0     0     n/a      0     0      0     3    n/a    0      0      0      0       n/a 

     26C      1       0       0      2       n/a         0      0      0     4     n/a      1     0      0     2    n/a    0      0      0      3       n/a 

     26H      2       0       0      1       n/a         2      0      0     2     n/a      1     0      1     1    1.0    2      0      0      1       n/a 

     26D      0       0       0      3       n/a         2      0      0     2     n/a      0     1      0     2    1.0    1      0      0      2       n/a 

     28      0       0       0      0       n/a         0      0      0     0     n/a      -      -       -     -      -     -       -       -       -         - 

     31      0       0       0      1       n/a           0      0      0     0     n/a      0     0      0     0     n/a    0      0      0      2       n/a 

     36       0       0       0      4       n/a           0      0      0     5     n/a          1     0      0     2     n/a     0      0      0      1       n/a 

     37      1       0       1      1       1.0           0      2      0     2     0.485      0     1      0     4     1.0    0      1      0      2       1.0 

     38      0       0       0      3       n/a           1      0      0     3     n/a      2     0      1     1     1.0    2      0      0      1       n/a 

     39      0       0       0      3       n/a         0      0      0     2     n/a          0     1      0     1     1.0    1      0      0      1       n/a 

     40      0       0       0      3       n/a         0      1      0     3     1.0          0     0      0     5     n/a    0      0      0      2       n/a 
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                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     41      0       0       0      1       n/a           0      0      0     2     n/a      0     0      0     2     n/a    0      0      0      0       n/a 

     42      0       0       0      2       n/a         0      0      0     3     n/a      0     0      0     5     n/a    0      0      0      3       n/a 

     43      1       0       0      0       n/a         0      0      0     0     n/a      0     1      1     1     1.0    0      0      0      2       n/a 

     44      1       0       0      1       n/a         0      1      0     3     1.0          0     1      0     4     1.0    0      0      0      1       n/a 

     45      2       0       1      0       1.0           2      1      1     0     1.0      4     0      0     0     n/a    0      0      0      0       n/a 

     46      1       0       0      1       n/a         1      0      0     0     n/a      0     0      0     0     n/a    -       -       -      -         - 

     47      1       0       0      0       n/a         1      0      0     0     n/a      1     0      0     0     n/a    -       -       -      -         - 

     48      0       1       0      1       1.0         1      0      0     0     n/a      1     0      0     0     n/a    -       -       -      -         - 

     49      1       0       0      0       n/a         0      1      0     0     1.0      1     0      1     0     1.0    0      0      0      0       n/a 

     50      1       0       0      0       n/a         1      0      0     0     n/a      1     0      1     0     1.0    0      0      0      0       n/a 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left, 

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; UID= Ust-Ida I; n/a indicates a lack of  

  unilateral occurrence of the trait; dash indicates a trait in which no individuals were observable; bilateral nature of trait #9 refers to left and right   

  facets of the atlas 
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Table A18. Summary of right side trait incidence and results of statistical analyses for differences in  

non-metric traits between Shamanka II and Lokomotiv subsamples  

     
         Males                      Females                        15-20                         20-35           .             35-50                         50+                .                          

 Trait    S #    L #     p             S #   L #       p            S #  L #      p        S #    L #        p            S #   L #        p            S #   L #      p 

 
   1      1/17   1/9    *1.0         0/6    0/10      -             0/4  0/1      -         0/13   0/9         -          1/7     1/6      *1.0        0/1   0/3     -   

   2      0/11   1/4    *0.267     1/5    1/2     *1.0          1/4  1/1   *0.4       0/9     1/2     *0.182     0/3     0/2        -       0/1   0/1     - 

   3      2/47   1/26    0.595     1/16  2/25   *1.0          0/6  0/3      -            3/30   0/22     0.354     0/23   2/19   *0.199    0/7   1/8   *1.0 

   4      17/23 4/5    *1.0         4/47  5/6     *0.559      2/3  1/1   *1.0         12/17 5/5     *0.29       6/7     2/3     *1.0      2/4   1/2   *1.0 

   5      4/26   1/6    *1.0         0/11  1/7     *0.389      0/5  0/1      -          1/19   0/7     *1.0       3/11   1/3     *1.0        0/3   1/2   *1.0 

   6      30/42 18/20  0.19       8/15  15/19 *0.151      3/6  1/3   *1.0         14/26 16/17 *<0.01    18/22 11/13 *1.0      4/5   6/7   *1.0 

   7      2/48   1/24    0.532     5/16   4/27  *0.257      3/8  1/2   *1.0         3/30   2/25     0.831     1/22   2/19   *0.588    1/7   0/8   *0.467 

   8      20/43 5/10    0.879     4/12   4/10  *1.0          2/6  1/2   *1.0        10/26 2/5     *1.0       9/19   6/9     *0.435    3/6   1/5   *0.546 

   9C   27/45 12/14  0.147     14/16 12/12 *0.492     6/6   2/2  *1.0        18/28 6/6     *0.148    18/23 11/13 *1.0         1/6   6/6   *<0.05 

   9H   6/45   0/14    0.35       0/16   0/12      -            0/6   0/2     -         3/28   0/6     *1.0       1/23   0/13   *1.0       2/6   0/6   *0.455 

   9D   12/45 2/14    0.554     2/16   0/12   *0.492     0/6   0/2     -            7/28   0/6     *0.306     4/23   2/13   *1.0       3/6   0/6   *0.182 

   10    4/37   0/12  *0.56       0/14   0/10      -            0/5   0/2     -          3/27   1/6       *1.0       2/18   0/9     *0.539     0/3   0/5      - 

   11    20/41 6/13    0.869     3/16   2/10   *1.0         2/6   1/2  *1.0       12/27 1/6     *0.364     8/23   5/12   *0.72      1/3   1/4    *1.0 

   12    0/46   0/15     -           1/16    1/12   *1.0         0/6   0/2     -       1/29   1/6     *0.318     0/23   0/14       -       0/6   0/6      - 

   13    0/43   0/8       -           1/13    0/7     *1.0         1/6   0/2  *1.0       0/27   0/3        -       0/21   0/8         -       0/4   0/3      - 

   14    12/42 2/14    0.476     3/16   3/11   *0.662     1/6   0/1  *1.0       6/24   1/5     *1.0       8/23   3/14   *0.514     0/6  1/6    *1.0 

   15    1/39   0/9    *1.0         1/16   0/6     *1.0         0/7   0/2     -       1/26   0/4     *1.0       1/19   0/4     *1.0       0/5  0/4      - 

   16    25/40 8/12    0.937    13/16 7/9     *1.0          5/7   3/3  *1.0       20/26 6/6     *0.565     10/20 4/9     *1.0       4/5  2/3    *1.0 

   17    2/17   1/6    *1.0         3/10   0/7     *0.228     1/4   0/2  *1.0       3/15   0/5     *0.526     1/8     1/4     *1.0       0/1  0/1      - 

   18    7/34   3/21    0.819     1/10   1/17   *1.0         1/6   0/2  *1.0       4/20   3/20   *1.0       2/14   1/12   *1.0       1/5  0/6    *0.455 

   19    12/48 10/21  0.064     12/14 19/21 *1.0         4/5   0/1  *0.333     11/29 14/19 *<0.05     8/22   11/17 *0.111    1/6  5/7    *0.103 

   20    16/48  9/24   0.726     4/14   11/28 *0.734     1/5   1/2  *1.0       9/30   10/24   0.372     7/22   10/22 *0.537    3/6  1/7    *0.266 

   21    1/50    0/25   0.722     1/16   1/27   *1.0         0/4   0/2     -       2/30   1/23     0.812     0/25   0/22       -       0/7  0/8      - 

   22    1/48    0/14   0.509     1/23   0/15   *1.0         0/6   0/2     -       1/30   0/15   *1.0       0/26   0/10       -       1/6  0/3   *1.0 

   23C  28/48 11/22 0.515     10/22 15/23 *0.236     4/7   0/1   *1.0       17/29 10/23   0.22      12/24  12/17 *0.217     3/7  4/5   *0.293 

 

 



   

1
5

7
 

 

     
         Males                      Females                        15-20                         20-35           .             35-50                         50+                .                          

 Trait    S #    L #     p             S #   L #       p            S #  L #      p        S #   L #      p             S #   L #        p               S #   L #      p 

 
   23H  13/48 6/22   0.987     9/22   3/23   *<0.05    3/7   0/1   *1.0       8/29   6/23    0.904     7/24   4/17   *1.0      3/7   0/5   *0.205 

   23D  7/48   5/22   0.619     3/22   5/23   *0.699     0/7   1/1   *0.125    4/29   7/23     0.264     5/24   1/17   *0.373    1/7   1/5   *1.0 

   24     2/44   2/12   0.416     3/22   2/19   *1.0         0/7   n/a     n/a       3/26   1/16   *1.0       2/23   1/12   *1.0      0/7   2/4   *0.109 

   25    14/49  3/16   0.654     5/19   2/19   *0.405     0/7   1/2   *0.222   12/31 3/16    *0.202     6/23   2/12   *0.680    1/6   0/6   *1.0 

   26C 10/41  5/21   0.96       5/17   6/19   *1.0         5/7   2/2   *1.0       8/29   5/17   *1.0       3/20   4/17   *0.678    1/5   1/5   *1.0 

   26H 27/41  13/21 0.758    12/17 13/19 *1.0          2/7   0/2   *1.0       20/29 12/17 *1.0      15/20  11/17 *0.72      3/5   3/5   *1.0 

   26D 4/41    3/21   0.913     0/17   0/19      -            0/7   0/2      -       1/29   0/7     *1.0       2/19   2/17   *1.0       1/6   1/5   *1.0 

   27    8/21    4/8   *0.683     1/10   3/8     *0.275     2/6   0/1   *1.0       5/17   4/9     *0.667     3/8     2/4     *1.0       0/2   1/2   *1.0 

   28    24/31  8/11 *1.0         12/16 9/12   *1.0         2/5   n/a     n/a       19/21 9/11   *0.593    10/13 8/11    *1.0       4/5   2/3   *1.0 

   29    0/46    0/22     -           1/17   1/17   *1.0         1/7   0/2   *1.0       0/28   1/18   *0.391     0/22   0/14       -       0/7   0/7       - 

   30    2/37    3/21   0.502     0/14   0/16      -            2/6   0/1   *1.0       1/25   0/18   *1.0       0/15   2/14   *0.224     0/7  1/6    *0.462 

   31    2/42   0/17  *0.904     1/10   0/17   *0.37       0/1   0/1      -          0/27  0/15       -            3/21   0/8      *0.5402   0/4   0/5      -   

   32    3/28   4/15  *0.215     0/11   6/11   *<0.05     0/7   0/2      -          2/21  7/12    *<0.01     1/12   2/8     *0.5368   n/a   1/4      - 

   33    7/28   4/9    *0.404     1/12   6/12   *0.069     1/7   0/1   *1.0       4/18   7/11    *<0.05     2/15   2/5     *0.2487   1/1   1/4  *0.4 

   34    49/49 27/27    -           17/17 23/23    -           7/7   2/2      -      30/30 23/23     -      26/26 19/19    -             6/6   8/8      - 

   35    40/46 21/23  0.894     15/16 21/22 *1.0         5/7   1/2   *1.0      24/27 22/23   0.722     21/24 15/15  *0.2713   6/6   6/7  *1.0 

   36    6/23   4/13  *1.0         4/9     2/11   *0.336     0/4   0/1      -      5/18   3/11   *1.0         4/10   3/7      *1.0         1/1   0/5  *0.166 

   37    13/42 1/14    0.154     3/14   1/19   *0.288     1/3   0/2   *1.0      12/29 2/17   *<0.05     2/20   11/11  *<0.01    0/4   0/5      - 

   38    15/37 7/16    0.828     4/15   4/19   *1.0         1/3   0/2   *1.0      7/27   3/18   *0.716     9/19   6/12    *1.0         0/2   2/5  *1.0 

   39    7/39   2/17    0.884     1/13   0/24   *0.351     0/1   0/2      -          4/29   1/18   *0.636     3/17   0/16    *0.2273   1/4   1/6  *1.0 

   40    11/46 4/23    0.536     0/14   2/24   *0.522     1/3   0/2   *1.0      6/25   1/19   *0.119     3/26   5/21    *0.4372   1/5   0/7  *0.417 

   41    9/40   2/15    0.705     3/14   3/16   *1.0         0/5   n/a     n/a        2/25   1/14   *1.0         7/20   2/13   *0.2635    2/4   2/6  *1.0 

   42    5/41   1/18    0.757     1/11   2/17   *1.0         0/3   0/1      -      4/24   2/14   *1.0      2/23   0/14    *0.5165    1/2   1/7  *0.417 

   43    1/34   5/11  *<0.01     1/7     3/11   *1.0         0/3   n/a     n/a        2/22   2/9     *0.56       1/15   2/6      *0.1842    0/2   4/7  *0.444 

   44    5/48   3/19    0.847     3/22   4/18   *0.68       0/6   1/2   *0.25      3/29   1/17   *1.0      5/25   5/15    *0.4568    0/6   0/5      - 

   45    38/46 11/16  0.414     17/20 17/19 *1.0         4/6   1/2   *1.0      22/28 13/16 *1.0         20/23 10/12 *1.0           5/5   5/5      - 

   46    38/48 12/14  0.872     18/22 12/15 *1.0         4/5   1/2   *1.0      25/30 10/13 *0.681    19/26 12/13   *0.2286    4/6   3/3  *0.5 

   47    39/47 10/14  0.568     15/22 11/15 *1.0         6/6   1/2   *0.25      19/29  9/14  *1.0      23/27 11/12  *1.0          5/6   2/3  *1.0 
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         Males                      Females                        15-20                         20-35           .             35-50                         50+                .                          

 Trait    S #    L #     p         S #   L #       p            S #  L #      p        S #   L #      p             S #   L #        p               S #   L #      p 

 
   48    18/47 4/14    0.506     9/21  7/15    *1.0         4/6   0/1   *0.429   12/27  4/13  *0.503     5/27    4/13  *0.437       4/6   3/4  *1.0 

   49    38/42 16/17 *0.408    13/14 13/15 *1.0         4/4   1/1       -      25/26 13/15 *0.543     23/26  9/10  *1.0           2/3   6/6  *0.333 

   50    27/42 14/17   0.172    10/14  8/14  *1.0         4/4   1/1       -         15/26 10/14 *0.502     16/25  9/11  *0.439       2/3   2/6  *0.524 

 
  # refers to the number of right side occurrences only with the exception of trait #3, where the left side score was substituted in when the right was  

  unobservable; S=Shamanka II; L=Lokomotiv; *=Fisher‟s Exact test was used due to small sample size; p=p-value; bold indicates significance;  

  dash indicates that the test was not possible due to absence in all observable individuals; n/a indicates a lack of observable individuals 
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Table A19. Summary of trait incidence and results of statistical analyses for side differences in 

bilateral non-metric traits within Shamanka II and Lokomotiv males and females 

     
                                           Shamanka II                                                                      Lokomotiv                                                

                         Males                                Females                                  Males                                 Females                  .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      1       0       0      39     n/a           1      0      0     15   n/a      1     0      0     14   n/a    2      0      0      15  n/a 

     4       10     1       0      1       1.0         0      1      0     1     1.0          2     1      0     0     1.0    0      0      0      0    n/a 

     5      1       0       2      15     0.48         0      0      0     8     n/a      0     0      1     3     0.134    0      0      0      0    n/a 

     6          21     5       5      4       1.0         6      3      1     4     0.617     11   2      2     0     1.0    4      4      2      0    0.683 

     7      1       2       1      41     1.0           4      2      1     8     1.0          0     2      1     20   1.0    2      3      0      15  0.248 

     9C       23     3       4      15     1.0           13    1      1     1     1.0          8     1      2     1     1.0    9      0      2      0    0.48 

     9H      6       2       0      37     0.48         0      1      0     15   1.0          0     0      0     12   n/a    0      1      0      10  1.0 

     9D      8       3       4      30     1.0         0      1      2     13   1.0      1     2      1     8     1.0    0      1      0      10  1.0 

     19      10     2       2      28     1.0           12    2      0     0     0.48        9     3      1     8     0.617    18    1      0      1    n/a 

     20        6       4       8      25     0.387       3      3      1     7     0.617      3     4      5     11   1.0    6      1      5      15  0.221 

     21      0       1       1      42     1.0         1      0      0     14   n/a      0     1      0     22   1.0    1      0      0      22  n/a 

     22      0       0       1      42     1.0         1      0      0     18   n/a      0     0      0     14   n/a    0      0      0      15  n/a 

     23C      20     3       4      17     1.0           7      1      2     10   1.0      6     1      3     8     0.617    10    2      4      4    0.683 

     23H      9       7       4      24     0.547       5      3      3     9     1.0          3     1      2     12   1.0    0      4      2      14  0.683 

     23D      7       1       3      33     0.617       2      2      1     15   1.0      4     3      0     11   0.258    2      2      2      14  1.0 

     24      1       1       1      24     1.0           1      1      2     14   1.0      1     1      1     9     1.0    2      1      0      11  1.0 

     25        6       1       5      26     0.221       4      2      1     11   1.0      0     2      1     10   1.0    0      1      2      13  1.0 

     26C     6       1       2      27     1.0           4      0      0     10   n/a      2     1      2     13   1.0    4      1      2      11  1.0 

     26H     24     3       1      7       0.617       9      0      1     4     1.0      10   3      1     4     0.617    11    2      1      4    1.0 

     26D     1       0       1      33     1.0           0      1      0     13   1.0      2     0      1     15   1.0    0      0      0      18   n/a 

     28       14     1       2      3       1.0         5      0      0     3     n/a      6     0      0     2     n/a    6      1      0      0    1.0 

     31      1       0       0      25     n/a           1      0      0     6     n/a      0     0      0     10   n/a    0      0      0      5     n/a 

     36       3       1       1      14     1.0           2      0      1     4     1.0          3     0      0     9     n/a    1      1      1      6    1.0 

     37      13     3       0      19     0.258       1      0      2     10   0.48        0     0      0     11   n/a    0      0      1      15  1.0 

     38        13     6       0      12     <0.05      3      1      0     9     1.0          4     1      1     6     1.0    2      1      1      11  1.0 

     39      3       0       3      22     0.258      0      1      1     10   1.0           1     0      1     11   1.0    0      0      0      22  n/a 
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                                           Shamanka II                                                                      Lokomotiv                                                

                         Males                                Females                                  Males                                 Females                  .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     40       6       2       3      28     1.0           2      2      0     14   0.48        2     0      1     17   1.0    2      2      0      16  0.48 

     41      5       1       3      25     0.617       2      0      1     9     1.0          1     0      0     12   n/a    2      0      1      11  1.0 

     42      4       2       1      31     1.0         1      0      0     9     n/a      0     0      0     15   n/a    2      0      0      12  n/a 

     43      1       0       0      24     n/a           1      0      0     5     n/a          3     0      0     4     n/a    0      0      1      6    1.0 

     44        4       4       1      36     0.371       0      0      3     17   0.248      1     1      2     8     1.0    3      0      0      11  n/a 

     45      28     2       6      4       0.289       17    0      0     2     n/a      7     0      2     3     0.48    12    0      0      1    n/a 

     46      30     2       3      7       1.0         15    1      0     2     1.0      7     0      3     2     0.258    10    0      0      3    n/a 

     47      27     5       7      2       0.773       14    2      0     2     0.48        9     2      0     2     0.48    10    1      1      3    1.0 

     48      10     4       5      19     1.0           4      0      2     11   0.48        3     2      1     7     1.0    5      1      2      7    0.48 

     49      29     2       1      2       1.0         10    0      0     0     n/a      12   0      0     1     n/a    8      2      0      0    0.48 

     50      18     2       3      11     1.0           5      0      1     2    1.0      8     0      2     3     n/a    4      2      0      3    0.48 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left,  

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; n/a indicates a lack of  unilateral  

  occurrence of the trait; bilateral nature of trait #9 refers to left and right facets of the atlas 
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Table A20. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within each Shamanka II age group 

 
                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      0       0       0      6       n/a           2      0      0     24   n/a      0     0      0     22   n/a    0      0      0      5       n/a 

     4       0       0       0      1       n/a           7      1      0     1     1.0          3     1      0     0     1.0    0      0      0      0       n/a 

     5      0       0       0      3       n/a         0      0      1     12   1.0      1     0      1     7     1.0            0      0      0      1       n/a 

     6          2       1       1      2       1.0           10    4      2     5     0.683     11   3      3     2      1.0    3      0      0      0       n/a 

     7          2       1       0      4       1.0         2      2      1     23   1.0          1     0      1     19   1.0    0      1      0      5       1.0 

     9C       6       0       0      0       n/a         13    3      5     7     0.724     17   0      1     6      1.0    1      1      0      3       1.0 

     9H      0       0       0      6       n/a         3      3      0     22   0.248      1     1      0     22   1.0    2      0      0      3       n/a 

     9D      0       0       0      6       n/a         3      3      4     18   1.0      4     1      1     19   1.0    1      0      0      4       1.0 

     19      3       0       1      1       1.0         10    3      1     13   0.617      9     1      0     10   1.0    0      0      0      5       n/a 

     20      1       1       0      3       1.0         6      3      3     16   1.0          2     3      4     12   1.0    0      0      2      2       0.48 

     21      0       0       0      4       n/a         1      0      1     28   1.0      0     1      0     21   1.0    0      0      0      5       n/a 

     22      0       0       0      5       n/a         0      0      1     22   1.0      1     0      0     24   n/a    0      0      0      5       n/a 

     23C      3       1       0      2       1.0         9      0      4     11   0.134     11   2      2     9      1.0    1      1      0      3      1.0 

     23H     2       0       1      3       1.0         5      6      3     10   0.505      4     3      2     15   1.0    2      1      1      1      1.0 

     23D      0       0       0      6       n/a         1      3      2     18   1.0          4     0      1     19   1.0    0      0      1      4      1.0 

     24        0       0       0      5       n/a         2      1      1     16   1.0      0     0      2     19   0.48    0      0      0      4      n/a 

     25      0       1       0      5       1.0         5      1      5     13   0.221      4     1      1     15   1.0    0      0      0      3      n/a 

     26C     4       0       0      2        n/a         4      1      1     18   1.0      3     1      0     14   1.0    0      0      1      3      1.0 

     26H      2       0       0      4        n/a         17    1      1     4     1.0     12    0      2     4     0.48    2      2      0      0      0.48 

     26D     0       0       0      6        n/a         0      0      0     23   n/a      1     0      0     16   1.0    0      1      1      3      1.0 

     28      2       0       0      2        n/a         9      0      1     1    1.0      7     0      1     2     1.0    1      1      0      0      1.0 

     31      0       0       0      1       n/a           0      0      0     18   n/a      2     0      0     10   n/a    0      0      0      2       n/a 

     36       0       0       0      4       n/a           3      1      1     11   1.0          2     0      1     4     1.0     0      0      0      0       n/a 

     37      1       0       0      2       n/a         11    2      1     14   1.0      2     1      0     12   1.0            0      0      0      2       n/a 

     38        1       0       0      2       n/a           7      7      1     12   0.077      6     1      0     6     1.0    0      0      0      1       n/a 

     39        0       0       0      0       n/a         1      1      3     19   0.617      2     0      0     11   n/a    0      0      1      1       1.0 

     40        1       0       0      2       n/a         4      1      2     17   1.0      1     0      1     19   1.0    0      0      0      4       n/a 
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                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     41      0       0       0      3       n/a         1      0      1     23   1.0          6     1      1     8     1.0    0      0      1      2       1.0 

     42      0       0       0      3       n/a         3      1      1     18   1.0      2     1      0     17   1.0    1      0      0      1       n/a 

     43      0       0       0      3       n/a         2      0      0     16   n/a          1     0      0     9     n/a    0      0      0      2       n/a 

     44      0       0       0      6       n/a         1      3      2     22   1.0          3     1      2     8     1.0    0      0      0      5       n/a 

     45      3       0       0      2       n/a         18    1      2     4     1.0      16   1      3     1     0.617    5      0      0      0       n/a 

     46      3       0       1      1       1.0         18    1      1     3     1.0      17   2      1     4     1.0    3      0      0      1       n/a 

     47      5       0       0      0       n/a         12    5      2     2     0.45        19   2      3     0     1.0    2      0      2      1      0.48 

     48        2       0       2      2       0.48         8      0      1     10   1.0          2     4      2     15   0.683    1      0      1      2      1.0 

     49      4       0       0      0       n/a         19    1      0     0     1.0          15   0      1     2     1.0    2      1      0      0      1.0 

     50        4       0       0      0       n/a         8      2      3     6     1.0      10   0      1     6     1.0    2      0      0      1      n/a 

 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left,     

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; n/a indicates a lack of unilateral  

  occurrence of the trait; bilateral nature of trait #9 refers to left and right facets of the atlas 
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Table A21. Summary of trait incidence and results of statistical analyses for side differences in  

bilateral non-metric traits within each Lokomotiv age group 

 
                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     3      0       0       0      3       n/a           0      0      0     13   n/a      2     0      0     9    n/a    1      0      0      5       n/a 

     4       0       0       0      0       n/a           1      0      0     0     n/a          0     1      0     0    1.0    1      0      0      0       n/a 

     5      0       0       0      0       n/a           0      0      0     1     n/a      0     0      1     1    1.0    0      0      0      1       n/a 

     6      1       2       0      0       0.48         5      1      2     0     1.0      7     2      1     0    1.0    2      1      2      0       1.0 

     7      0       0       0      1       n/a         2      2      0     16   0.48        0     2      1     14  1.0    0      1      0      6       1.0 

     9C      2       0       0      0       n/a         4      0      1     0     1.0      9     1      1     1    1.0    3      0      2      0       0.48 

     9H      0       0       0      2       n/a         0      1      0     4     1.0      0     0      0     12  n/a    0      0      0      5       n/a 

     9D      0       0       0      2       n/a         0      0      0     5     n/a      1     1      1     9    1.0    0      2      0      3       0.48 

     19      0       0       0      1       n/a         14    1      0     3     1.0      9     3      1     3    0.617    5      0      0      2       n/a 

     20      1       0       0      1       n/a         4      3      6     10   0.505      5     2      4     9    0.683    0      0      1      6       1.0 

     21      0       0       0      2       n/a           1      0      0     20   n/a      0     1      0     17  1.0    0      0      0      8       n/a 

     22      0       0       0      2       n/a         0      0      0     14   n/a      0     0      0     10  n/a    0      0      0      3       n/a 

     23C      0       0       0      0       n/a         6      1      4     8     0.371      8     3      2     2    1.0    2      0      1      1       1.0 

     23H      0       0       0      0       n/a         2      3      2     12   n/a      1     1      3     9    0.617    0      1      0      3       1.0 

     23D      0       0       0      0       n/a         3      4      2     10   0.683      1     1      0     12  1.0    1      0      0      3       n/a 

     24      -        -        -      -        -         1      0      0     13   n/a      0     2      1     5    1.0    2      1      0      1       1.0 

     25      0       0       1      1       1.0         1      0      2     11   0.48        0     1      0     8    1.0    0      2      0      3       0.48 

     26C      1       0       0      0       n/a         3      1      2     8     1.0      1     1      2     12  1.0    1      0      0      4       n/a 

     26H      0       0       0      1       n/a         8      2      1     3     1.0      1     1      2     12  1.0    3      1      0      1       1.0 

     26D      0       0       0      1       n/a         0      0      0     14   n/a      2     0      0     14  1.0    0      0      1      4       1.0 

     28      -        -        -      -        -         6      0      0     0     n/a      4     1      0     2    1.0      2      0      0      0       n/a 

     31      0       0       0      0       n/a           0      0      0     7     n/a      0     0      0     4     n/a    0      0      0      4       n/a 

     36       0       0       0      1       n/a           2      0      0     6     n/a          2     0      1     4     1.0     0      1      0      4       1.0 

     37      0       0       0      2       n/a           0      0      1     12   1.0      0     0      0     9     n/a    0      0      0      5       n/a 

     38      0       0       0      2       n/a           0      2      1     10   1.0      4     0      1     3     1.0    2      0      0      3       n/a 

     39      0       0       0      2       n/a         0      0      1     14   1.0          0     0      0     13   n/a    1      0      0      5       n/a 

     40      0       0       0      2       n/a         1      2      0     12   0.48        3     0      1     15   1.0    0      0      0      0       n/a 
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                        15-20                                20-35                                       35-50                                 50+                             .                           

  Trait       P/P   P/A  A/P   A/A    p          P/P  P/A  A/P  A/A   p          P/P  P/A  A/P A/A    p         P/P  P/A  A/P  A/A     p 

 
     41      -        -        -      -         -         1      0      0     10   n/a      1     0      0     9     n/a    1      0      1      4       1.0 

     42      0       0       0      1       n/a         1      0      0     10   n/a      0     0      0     11   n/a    1      0      0      6       n/a 

     43      0       0       0      0       n/a         0      0      0     5     n/a      1     0      0     3     n/a    2      0      1      2       1.0 

     44      1       0       0      1       n/a         1      0      0     11   n/a          2     1      2     4     1.0    0      1      0      4       1.0 

     45      0       0       0      1       n/a           7      0      1     2     1.0      8     0      0     1     n/a    4      0      1      0       1.0 

     46      1       0       0      1       n/a         7      0      0     3     n/a      8     0      2     1     0.48    2      0      1      0       1.0 

     47      1       0       0      1       n/a         7      1      0     4     1.0      9     1      1     0     1.0    2      1      0      0       1.0 

     48      0       0       0      1       n/a         3      1      1     6     1.0      3     1      1     7     1.0    2      1      1      0       1.0 

     49      1       0       0      0       n/a         10    1      0     1     1.0      5     1      0     0     1.0    4      0      0      0       n/a 

     50      1       0       0      0       n/a         6      1      1     3     1.0      4     0      1     2     1.0    1      1      0      2       1.0 

 

 
  incidence in each sample given by number of individuals in whom both sides were observable; P/P=present on both sides; P/A= present left, 

  absent right; A/P=absent left, present right; A/A= absent on both sides; p= p-value of McNemar‟s test; n/a indicates a lack of  

  unilateral occurrence of the trait; dash indicates a trait in which no individuals were observable; bilateral nature of trait #9 refers to left and right   

  facets of the atlas
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Appendix B 

Descriptions of Non-Metric Traits Not Observed Clearly in Any Sample 

 

Sternum: 

sternal aperture (sternal foramen): a smooth-edged circular or oval hole in the body of the 

sternum, typically in the lower third of the sternal body (Saunders 1978; McCormick 1981; 

Barnes 1994; Fokin 2000; Pietrusewsky and Douglas 2002). Forms if the two cartilaginous bars 

that form the sternum fail to unite in the midline in a single sternebrae (Saunders 1978; Barnes 

1994; Schwartz 1995:94: Cooper et al. 1988; Fokin 2000; Yekeler et al. 2006). 

 

Clavicle: 

supraclavicular nerves pierce clavicle (supraclavicular foramen): Not observed. 

Foramen through the anterior superior surface of the clavicle through which the supraclavicular 

nerves sometimes pass (Saunders 1978). 

 

Humerus: 

supracondyloid process (supracondyloid spur, supratrochlear spur): small bony spur or process 

originating from the medial distal end of the humerus (Pikula 1994). It is often found several 

centimeters superior to the medial epicondyle, and projects inferiorly, anteriorly and medially 

(Finnegan 1978). It is usually only present in adults, the area being smooth in young individuals 

(Hrdlicka 1923). 

 

Atlas: 

bifid anterior arch of the atlas: the anterior arch is separated into two separate, unfused parts 

(Saunders 1978). 

 

Axis: 

axis transverse foramina open: the foramen transverarium of either or both transverse processes 

may not have fused normally to form a complete foramen, remaining instead open or incomplete 

(Saunders 1978). 

 

C3-C7 Vertebrae 

spina bifida occulta- cervical: cleft neural arch where the spinous process is incompletely fused 

to the body of the vertebrae or is missing altogether (Saunders 1978). 

 

Schmorl‟s nodes- cervical: crescent-shaped depression in a vertebral body due to prolonged 

pressure from herniation of the nucleus pulposus out of an intervertebral disk superiorly and/or 

inferiorly (Merbs 1969; Schmorl and Junghanns 1971; Kennedy 1989; Capasso et al. 1999).  

 

laminar spurring- cervical: spurring on the superior and inferior surfaces of the vertebral laminae 

from ossification of the attachments for the ligamenta flava (subflava) (Pietrusewsky and 

Douglas 2001). 

 
Thoracic Vertebrae 

spina bifida occulta- thoracic: cleft neural arch where the spinous process is incompletely fused 

to the body of the vertebrae or is missing altogether (Saunders 1978). 
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Lumbar Vertebrae 

spina bifida occulta- lumbar: cleft neural arch where the spinous process is incompletely fused to 

the body of the vertebrae or is missing altogether (Saunders 1978). 

 

Femur 

Martin‟s facet: facet formed by the extension of the trochlear surface onto the lateral and 

sometimes superior surface of the lateral condyle (Kostick 1963).  

 

Charles‟s facet: smooth facet on the posterior distal femur, located superior to the medial 

epicondyle (Kostick 1963). It is near or a part of the medial condyle. It is an extension of the 

medial condylar articular surface superiorly to the origin of the medial head of the gastrocnemius 

muscle (Schofield 1959). 

 

Patella 

bipartite (emarginate) patella: very large notch in the superior lateral border of the patella, with 

pitted rough edges (Saunders 1978). Finnegan (1978) notes that it gives the impression that a 

chunk of bone has been pulled off of the patella. 
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Appendix C  
Descriptions Used for the Scoring of All Non-Metric Traits and Trait Photos 

 

Where given, inter- and intraobserver error rates were taken from Saunders (1978) and are to 

serve as an estimate only. Error rates may have been different in this research. 

 

Sternum: 

 

suprasternal tubercle: bony nodules located on the superior margin of the manubrium (Barnes 

1994; Yekeler et al. 2006).  

 
Suprasternal tubercle in Lokomotiv Burial # R6-2-1, a 35-39 year old male. Manubrium, anterior 

view. ©Alison Macintosh 2011 

 

 

sternal cleft: a vertical slit in the inferior end of the sternum due to incomplete ossification during 

development (Yekeler et al., 2006). 

 
Sternal cleft in Shamanka II Burial # 11-1, an 18-20 year old female. Sternum, anterior view. 

© Alison Macintosh 2011 



Clavicle: 
 
subclavian facet: raised facet on the inferior lateral surface of the clavicle, where it crosses the 
coracoid process of the scapula (Saunders 1978). Error rates: interobserver- 30%, intraobserver-
5-10% 

 
Subclavian facet in Shamanka II Burial # 42-1, a 40-45 year old female. Left and right clavicles, 
inferior view. © Alison Macintosh 2011 
 
Scapula: 
 
suprascapular notch: variably sized notch on the superior border of the scapula (Saunders 1978). 
Error rates: interobserver- >6%, intraobserver-low 

 
Suprascapular notch in Shamanka II Burial # 9-1, a 17-18 year old probable male. Left scapula, 
posterior view. © Alison Macintosh 2011  
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Lack of suprascapular notch in Shamanka II Burial # 15-1, a 25-35 year old male. Left scapula, 
posterior view. © Alison Macintosh 2011 
 
suprascapular foramen: the suprascapular ligament, when completely ossified, converts the 
suprascapular notch to a foramen (Saunders 1978). Error rates: interobserver- >6%, 
intraobserver-low 

 
Complete suprascapular foramen in Ust-Ida I Burial # 12-1-1, a 35-50 year old male. Right 
scapula, posterior view. © Alison Macintosh 2011 
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Suprascapular spur in Ust-Ida I Burial # 36-1-2, a 40-50 year old female. Left scapula, posterior 
view. © Alison Macintosh 2011 
 
circumflex sulcus: sulcus on the posterior lateral border of the scapula for the circumflex artery, 
which nearly bisects the origin of teres minor (Finnegan 1978).  

 
Circumflex sulcus in Ust-Ida I Burial #6-1-1, a 35-50 year old male. Right scapula, posterior 
view. © Alison Macintosh 2011 
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os acromiale (bipartite acromion): when the acromial epiphysis fails to fuse normally (Saunders 
1978), leaving a free bony process that articulates with the acromion via a clean, linear joint 
(Sammarco 2000). Error rates: intraobserver- low 

 
Os acromiale in Lokomotiv Burial # 8-1-1, a 40-45 year old male. Right scapula, posterior view. 
© Alison Macintosh 2011 
 

 
Os acromiale in Lokomotiv Burial # 8-1-1, a 40-45 year old male. Right scapula, lateral view. 
© Alison Macintosh 2011 
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acromial facet: (humeral facet, acromial articular facet): raised, oval facet on the anterior inferior 
surface of the acromial process (Finnegan 1978). Error rates: interobserver- 5%, intraobserver- 
0% 

 
Acromial facet in Shamanka II Burial # 42-1, a 40-45 year old female. Left and right scapulae, 
inferior view. © Alison Macintosh 2011 
 
Humerus: 
 
septal aperture (olecranon foramen): a single perforation or multiple small ones in the bony 
septum between the olecranon and coronoid fossae at the distal end of the humerus (Saunders 
1978). Error rates: interobserver- 1%, intraobserver- 0% 

 
Septal aperture in Ust-Ida I Burial # 24-1-1, a 14-18 year old female. Left humerus, anterior 
view. © Alison Macintosh 2011 
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Ulna: 
 
trochlear notch form: either one continuous facet, pinched into an hour-glass shape without being 
completely separated into two facets, or divided into two discrete facets (Schwartz 1995:111). 
Error rates: interobserver- 2-5%, intraobserver- low 

 
Hourglass trochlear notch in Ust-Ida I Burial # 6-1-1, a 35-50 year old male. Left ulna, anterior 
proximal view. © Alison Macintosh 2011 
 

 
Discrete trochlear notch in Ust-Ida I Burial #45-1-1, a 22-30 year old male. Right ulna, anterior 
proximal view. © Alison Macintosh 2011 
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Continuous trochlear notch in Ust-Ida I Burial # 22-1-1, a 15-20 year old female. Left ulna, 
anterior proximal view. © Alison Macintosh 2011 
 
Atlas: 
 
posterior atlas bridge: a spur or complete bridge of bone extending from the superior articular 
process to the posterior arch (Finnegan 1978), creating a foramen through which the vertebral 
artery and first cervical nerve travel (Saunders 1978). A posterior spur or bridge results from 
ossification of the oblique ligament of the atlas (Lamberty and Zivanovic 1973). Error rates: 
interobserver complete- 1-3%, interobserver spur- 6-21% 

 
Complete posterior atlas bridging in Lokomotiv Raisovet Burial # R7-2-1, a15-20 year old 
female. Atlas, superior view. © Alison Macintosh 2011 
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Posterior atlas spur in Ust-Ida I Burial # 43-1-1, a 19-25 year old male. Atlas, superior lateral 
view. © Alison Macintosh 2011 
 
retroarticular bridge (canal): bridge of bone extending from the posterior border of the transverse 
process to the posterior arch (Saunders 1978). Error rates: interobserver complete- 1%, 
interobserver spur- 20% 

 
Complete retroarticular bridging in Shamanka II Burial # 58-1, a 35-45 year old male. Atlas, 
superior view. © Alison Macintosh 2011 
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Retroarticular spur in Ust-Ida I Burial # 43-1-1, a 19-25 year old male. Atlas, superior lateral 
view. © Alison Macintosh 2011 
 
 
lateral atlas bridge: a spur or complete bridge of bone extending from the superior articular 
process to the transverse process (Saunders 1978). Error rates: interobserver complete- 1-3%, 
interobserver spur- 6-21% 

 
Lateral atlas bridging and a left posterior atlas bridge in Shamanka II Burial # 59-1, a 35-39 year 
old male. Atlas, superior view. 
© Alison Macintosh 2011 
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atlas facet form: the superior articular facets of the atlas can be single, oval facets or two discrete 
facets. If two discrete facets, they are separated by a groove or a ridge of bone (Finnegan 1978). 
Error rates for discrete facets: interobserver- 0%, intraobserver- 0% 

 
Hourglass atlas facet (on left) and discrete atlas facet (on right) in Shamanka II Burial # 21-1, a 
25-30 year old male. Atlas, superior view. © Alison Macintosh 2011 
 
 

 
Discrete atlas facets (with creases) in Shamanka II Burial # 39-1, a 40-44 year old male. Atlas, 
superior view. © Alison Macintosh 2011 
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Continuous atlas facets in Ust-Ida I Burial # 11-1-1, a 35-50 year old female. Atlas, superior 
view. © Alison Macintosh 2011 

 
 

atlas transverse foramen open: the foramen transversarium of either or both transverse processes 
may not have fused normally to form a complete foramen, remaining instead open or incomplete 
(Saunders 1978). It is through this opening that the vertebral artery passes (Nayak 2007). 

 
Open atlas transverse foramen in Ust-Ida I Burial # 16-2-1, a 25-35 year old male. Atlas, 
superior view.  © Alison Macintosh 2011 
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atlas occipitalization: bony fusion between the atlas and occipital bone seen with atlas 
occipitalization, either completely or partially and symmetrically or asymmetrically (von Torklus 
and Gehle 1971; Barnes 1994). 

 
Atlas occipitalization in Lokomotiv Burial # 20-1-1, a 20-29 year old female. Atlas, superior 
view. © Alison Macintosh 2011 
 

 
Atlas occipitalization in Shamanka II Burial # 7-1, a 20-25 year old probable female. Atlas, 
superior view. Basilar portion of occiput, inferior view. 
© Alison Macintosh 2011 
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Axis: 
 
ossified apical ligament: bony ossification on the dens, resembling a tubercle (Saunders 1978). It 
occurs when the apical ligament that connects the dens to the occipital bone ossifies (Saunders 
1978). Error rates: interobserver- 11%, intraobserver- 5% 

 
Ossified apical ligament in Lokomotiv Burial # 20-1-1, a 20-29 year old female. Axis, posterior 
view. © Alison Macintosh 2011 
 
C3-C7 Vertebrae: 
 
bipartite transverse foramina (accessory cervical transverse process foramen): a bony spur can 
form across any or all of the transverse foramina, splitting them into two partial or complete 
foramina (Saunders 1978). 

 
Bipartite transverse foramina in Shamanka II Burial # 27-1, a 35-50 year old male. C6-C7, 
superior view. © Alison Macintosh 2011 
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Thoracic Vertebrae: 
 
thoracic Schmorl’s nodes: crescent-shaped depression in a vertebral body due to prolonged 
pressure from herniation of the nucleus pulposus out of an intervertebral disk superiorly and/or 
inferiorly (Merbs 1969; Schmorl and Junghanns 1971; Kennedy 1989; Capasso et al. 1999).  

 
Thoracic Schmorl’s nodes in Lokomotiv Raisovet Burial # R1-1-1, a 30-34 year old male. 
Thoracic vertebrae, inferior view. © Alison Macintosh 2011 
 
thoracic laminar spurring: spurring on the superior and inferior surfaces of the vertebral laminae 
from ossification of the attachments for the ligamenta flava (subflava) (Pietrusewsky and 
Douglas 2001). 

 
Thoracic laminar spurring in Shamanka II Burial # 14-1, a 25-30 year old male. Thoracic 
vertebrae, posterior view. © Alison Macintosh 2011 
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Lumbar Vertebrae: 
 
lumbar Schmorl’s nodes: crescent-shaped depression in a vertebral body due to prolonged 
pressure from herniation of the nucleus pulposus out of an intervertebral disk superiorly and/or 
inferiorly (Merbs 1969; Schmorl and Junghanns 1971; Kennedy 1989; Capasso et al. 1999).  

 
Lumbar Schmorl’s nodes in Lokomotiv Burial # 24-6-2, a 25-35 year old female. L1-L5, 
superior view. © Alison Macintosh 2011 
 
lumbar laminar spurring: spurring on the superior and inferior surfaces of the vertebral laminae 
from ossification of the attachments for the ligamenta flava (subflava) (Pietrusewsky and 
Douglas 2001). 

 
Lumbar laminar spurring in Shamanka II Burial # 24-1, a 25-35 year old male. L1-L2, posterior 
view. © Alison Macintosh 2011 
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missing transverse process of L1: transverse processes of the first lumbar vertebra are totally 
missing, with only small facets visible where they should have been attached (Saunders 1978). 

 
Missing transverse process of L1 in Shamanka II Burial # 69-2, a 20-25 year old female. L1, 
superior view. © Alison Macintosh 2011 
 
mamillary foramen: ossification of the mamillo-accessory ligament extending between the 
mamillary process and the accessory process of a lumbar vertebra, creating an arch (Saunders 
1978). Error rates: intraobserver- low 

 
Mamillary foramen in Shamanka II Burial # 49-1, a 17-20 probable male. L5, superior lateral 
view. © Alison Macintosh 2011 
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C3-L5 Vertebrae: 
 
spondylolysis: the vertebral neural arch is separate from the vertebral body on one or both sides 
at the pars interarticularis (Saunders 1978). Error rates: interobserver- low, intraobserver- 0 

 
Complete spondylolysis in Lokomotiv Burial # 36-1-1, a 20-25 year old female. L2 or L3, 
superior view. © Alison Macintosh 2011 
 
 

 
Complete spondylolysis in Lokomotiv Burial # 36-1-1, a 20-25 year old female. L2 or L3, 
posterior view. © Alison Macintosh 2011 
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Partial spondylolysis in Shamanka II Burial # 11-1, an 18-20 year old female. L1, posterior view. 
© Alison Macintosh 2011 
 
 

 
Partial spondylolysis in Shamanka II Burial # 11-1, an 18-20 year old female. L1, lateral view.  
© Alison Macintosh 2011 
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Lumbar Vertebrae/Sacrum: 
 
transitional lumbosacral vertebrae (sacralization and lumbarization): extra vertebral segments at 
the borders between different types of vertebrae, where a vertebra from one type takes on 
characteristics of the adjacent type (Barnes 1994). In sacralization, the last lumbar vertebra has 
become incorporated into the sacrum (Schmorl and Junghanns 1971), while in lumbarization the 
first sacral segment separates from the main body of the sacrum and assumes the shape of the 
last lumbar vertebrae (Schmorl and Junghanns 1971). Error rates: intraobserver- 1% 

 
Transitional lumbosacral vertebra in Ust-Ida I Burial # 38-1-1, a 35-45 year old male. Sacrum, 
superior view. © Alison Macintosh 2011 
 

 
Transitional lumbosacral vertebra in Lokomotiv Burial # 10-2-1, a 20-25 year old male. 
Lumbosacral region, posterior view. © Alison Macintosh 2011 
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Sacrum: 
 
sacral spina bifida occulta: incomplete closure of the sacral vertebrae at the dorsal midline, most 
commonly affecting the first sacral vertebra (Saunders 1978).  Error rates: intraobserver- low 

 
Sacral spina bifida occulta in Shamanka II Burial # 21-3, a 16-18 year old of indeterminate sex. 
Sacrum, posterior view. © Alison Macintosh 2011 
 

 
Sacral spina bifida occulta in Shamanka II Burial # 21-2, a 25-30 year old male. Sacrum, 
posterior view. © Alison Macintosh 2011 
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Sacrum/Os Coxae: 
 
accessory sacral/hip facets: on the ossa coxae, these are distinct articular facets in the region of 
the iliac tuberosity and posterior superior iliac spine of the ilium, inferior to the superior border 
of the auricular surface (Finnegan 1978). The facets articulate with accessory sacral facets. On 
the sacrum, these are prominent articular facets located posterior to the auricular surface 
(Finnegan 1978). Error rates: intraobserver-4-5% 

 
Accessory sacral/hip facets in Lokomotiv Burial #23-1-1, a 20-25 year old male. Ossa coxae, 
medial views. © Alison Macintosh 2011 
 

 
Accessory sacral/hip facets in Lokomotiv Burial # 10-4, a 30-35 year old male. Sacrum, 
posterior lateral view. © Alison Macintosh 2011 
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Os Coxae: 
 
preauricular sulcus: sulcus between the greater sciatic notch and the auricular surface, running 
inferiorly and posteriorly (Finnegan 1978). It is the area where the inferior portion of the 
sacroiliac ligament attaches (Saunders 1978). Error rates: intraobserver- can be as high as 38% 

 
GL-type (typical male) preauricular sulcus in Ust-Ida I Burial # 16-2-1, a 25-35 year old male. 
Left os coxae, medial view. © Alison Macintosh 2011 
 

 
GP-type (typical female) preauricular sulcus in Lokomotiv Raisovet Burial # R15-2, a 35-40 year 
old female. Ossa coxae, medial views. © Alison Macintosh 2011 
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acetabular mark: ‘rounded-edged pits’ and ‘acetabular creases’ located centrally in the roof of 
the acetabulum (Saunders 1978; Mafart 2005). The ‘crease’ can take the shape of a fold, pleat or 
crease in the articular surface of the acetabulum (Finnegan 1978), often anteriorly and superiorly 
located on the surface (Mafart 2005). It has oblique and vertical edges, and is usually linear or Y 
shaped. Error rates: intraobserver- 12% 

 
Acetabular mark (Y-shaped crease) in Lokomotiv Burial # 20-2-1, a 35-50 year old male. Left 
and right ossa coxae, lateral views into acetabuli. © Alison Macintosh 2011 
 

 
Acetabular mark (linear crease) in Ust-Ida I Burial # 30-1-1, a 35-40 year old male. Right os 
coxae, lateral view. © Alison Macintosh 2011 
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Acetabular mark (rounded-edged pit) in Ust-Ida I Burial #6-1-1, a 35-50 year old male. Right os 
coxae, lateral view. © Alison Macintosh 2011 
 
Femur: 
 
third trochanter: a rounded or conical bony tubercle that forms instead of the gluteal tuberosity 
(Hrdlicka 1937). The third trochanter and gluteal tuberosity are distinct structures, not simply the 
same structure in differing degrees of development (Finnegan 1978). Error rates: interobserver- 
16%, intraobserver- low 

 
Third trochanter in Shamanka II Burial # 7-1, a 20-25 year old probable female. Right femur, 
posterior lateral view. © Alison Macintosh 2011 
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Allen’s fossa (cervical fossa, anterior cervical imprint, imprint of Berteaux, depression): 
fossa located on the anterior superior femoral neck near the head (Finnegan 1978). 
Ddescribed as a small depression or eroded area with exposed trabeculae (Finnegan 
1978) or a discontinuous area with cancellous appearance (Kostick 1963). Trabeculae 
must be visible in order to be scored (Finnegan 1978). Error rates: intraobserver- 4% 

 
Allen’s fossa in Shamanka II Burial # 62-4, a 20+ year old probable male. Femora, 
anterior view. © Alison Macintosh 2011 
 
 

 
Allen’s fossa in Shamanka II Burial # 74-1, a 20-22 year old male. Femora, anterior view. 
© Alison Macintosh 2011 
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Poirier’s facet (extension, eminentia articularis femoris colli, anterior acetabular imprint): 
noticeable smooth bulging on the articular surface of the head that extends onto the 
anterior superior femoral neck (Finnegan 1978). Error rates: intraobserver- 22%, not well 
defined 

 
Poirier’s facet in Ust-Ida I Burial # 45-1-1, a 22-30 year old male. Right femur, anterior 
view. © Alison Macintosh 2011 
 
posterior acetabular imprint: similar to Poirier’s facet but occurs on the posterior aspect 
of the femoral neck (Kostick 1963), representing an extension of the articular surface of 
the femoral head (Schofield 1959). 

 
Posterior acetabular imprint in Shamanka II Burial # 50-1, a 20-30 year old male. Right 
femur, posterior view. © Alison Macintosh 2011 
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tibial imprint: depressed impression on the distal posterior femoral diaphysis, usually just 
superior to the medial condyle and occasionally the lateral condyle (Kostick 1963).  

 
Tibial imprint in Lokomotiv Raisovet Burial # R3-1-1, a 30-45 year old male. Left femur, 
posterior view. © Alison Macintosh 2011 
 
osteochondritic imprint: either a hole with sclerotic bone or a bony outgrowth on the 
posterior portion of one or both of the femoral condyles (Kostick 1963; Trinkaus 1975). 

 
Osteochondritic imprints in Lokomotiv Burial # 20-2-1, a 35-50 year old male. Femora, 
posterior superior view. © Alison Macintosh 2011 
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Osteochondritic imprints and tibial imprint in Shamanka II Burial # 76-1, a 40-50 year 
old male. Left femur, posterior view. © Alison Macintosh 2011 
 
supratrochlear facet/imprint: lateral trochlear surface extends superiorly onto the femoral 
diaphysis (Kostick 1963). Supratrochlear imprint can resemble either an imprint or, in 
many cases, a facet (Kostick 1963).  

 
Supratrochlear facet and imprint in Shamanka II Burial # 11-1, an 18-20 year old female. 
Left femur, anterior view. © Alison Macintosh 2011 
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Supratrochlear facet in Lokomotiv Burial # 17-1-1, a 45-55 year old female. Femora, 
anterior view. © Alison Macintosh 2011 
 
peritrochlear groove: : groove formed by the raised medial edge of the trochlear surface, 
extending from the supratrochlear area to a notch that separates the trochlea from the 
condylar surface (Kostick 1963). 

 
Peritrochlear groove in Ust-Ida I Burial # 52-1-1, a 60+ year old female. Right femur, 
anterior medial view. © Alison Macintosh 2011 
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Patella: 
 
vastus facet: small, depressed and smooth facet in the anterior surface of the superior 
lateral border of the patella, anterior to the location of the vastus notch (Finnegan 1978). 
The vastus notch and vastus fossa often occur together. Error rates: intraobserver error- 
4% 

 
Vastus facet in Shamanka II Burial # 63-1, a 25-29 year old male. Left patella, anterior 
view. © Alison Macintosh 2011 
 
vastus notch: small concave notch with a smooth border in the superior lateral angle of 
the patella, where the vastus lateralis tendon inserts (Finnegan 1978). Error rates: 
intraobserver error 17% 

 
Vastus notch in Ust-Ida I Burial # 12-1-1, a 35-50 year old male. Right patella, 
anterolateral view. © Alison Macintosh 2011 
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Tibia: 
 
medial tibial squatting facet: anterior distal margin of the tibia has a rough depression, 
which can be divided by a raised area into medial and lateral fossae (Finnegan 1978). A 
medial squatting facet occurs when the inferior articular surface of the tibia extends into 
the medial fossa (Finnegan 1978). Error rates: intraobserver-7% 

 
Medial tibial squatting facet in Lokomotiv Burial # 8-1-1, a 40-45 year old male. Right 
tibia, anterior inferior view. © Alison Macintosh 2011 
 
lateral tibial squatting facet: anterior distal margin of the tibia has a rough depression, 
which can be divided by a raised area into medial and lateral fossae (Finnegan 1978). A 
lateral squatting facet occurs when the inferior articular surface of the tibia extends into 
the lateral fossa (Finnegan 1978). Error rates: intraobserver-7% 

 
Lateral tibial squatting facet in Shamanka II Burial # 22-1, a 19-22 year old male. Tibiae, 
anterior inferior view. © Alison Macintosh 2011 
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Talus: 
 
Os trigonum: small bony process either unfused or partially fused to the posterior border 
of the talus, lateral to the groove for the flexor hallucis longus tendon (Finnegan 1978). 
The process can be recognized as the os trigonum by the visible presence of a fusion line 
between the process and the talar border or by the visible presence of a facet where the os 
trigonum articulated with the talus (Finnegan 1978). Error rates: interobserver- 7% 

 
Os trigonum with fusion line visible in Shamanka II Burial # 42-2, a 50+ year old female. 
Left talus, inferior view. © Alison Macintosh 2011 
 
forward prolongation of the medial articular surface of the talus: the medial articular 
surface of the talus projects more anteriorly than the level of the anterior margin of the 
trochlear surface (Singh 1959). 

 
Forward prolongation of the medial articular surface of the talus in Shamanka II Burial # 
7-1, a 20-25 year old probable female. Right talus, superior view. © Alison Macintosh 
2011 
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medial and lateral trochlear extensions: medial and/or lateral trochlear surface projects 
anteriorly onto the neck of the talus, always continuing the curve of the trochlear surface 
(Singh 1959). 

 
Medial and lateral trochlear extensions in Shamanka II Burial # 41-1, a 30-39 year old 
male. Right talus, superior view. © Alison Macintosh 2011 
 
talar squatting facets: articular facets on the superior surface of the neck of the talus, 
anterior to the trochlear surface and separated from it by a distinct groove (Satinoff 1972; 
Saunders 1978). Error rates: intraobserver- 7%  

 
Large talar squatting facets in Lokomotiv Burial # 7-1-1, a 40-45 year old female. Tali, 
superior view. © Alison Macintosh 2011 
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Calcaneus: 
 
anterior and middle calcaneal facet form: these two facets can be joined to form a single 
facet, be partially joined so they take on an hour-glass shape, be two discrete facets, or 
the anterior facet may be completely missing (Finnegan 1978). Error rates: interobserver- 
2% 

 
Continuous anterior/middle calcaneal facets in Shamanka II Burial # 70-1, a 35-45 year 
old male. Left calcaneus, superior view. © Alison Macintosh 2011 
 

 
Discrete anterior/middle calcaneal facets in Lokomotiv Burial # 25-2, a 20-22 year old 
female. Left calcaneus, superior view. © Alison Macintosh 2011 
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Hourglass anterior/middle calcaneal facets in Lokomotiv Burial # 25-2, a 20-22 year old 
female. Right calcaneus, superior view. © Alison Macintosh 2011 
 
bipartite anterior calcaneal facet- (calcaneus secondarius): notch in the anterior calcaneal 
facet with beveled edges (Saunders 1978). Error rates: interobserver- 7%, intraobserver- 
<3% 

 
Bipartite anterior calcaneal facets in Lokomotiv Burial # 36-1-1, a 20-25 year old female. 
Calcanei, superior view. © Alison Macintosh 2011 
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peroneal tubercle: raised tubercle on the lateral anterior surface of the calcaneus 
(Finnegan 1978). It serves as an attachment for the external annular ligament, and 
separates the grooves for the tendons of peroneus brevis and peroneus longus (Saunders 
1978). 

 
Peroneal tubercle in Ust-Ida I Burial # 55-2-1, a 15-18 year old male. Right calcaneus, 
lateral view. © Alison Macintosh 2011 
 

 
Absence of peroneal tubercle in Shamanka II Burial # 73-1, a 16-18 year old female. Left 
calcaneus, lateral view. © Alison Macintosh 2011 
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Tarsals and Metatarsals 
 
non-osseous tarsal coalition: circular or oval depressions with pitting in the floor of the 
defect, found in the proximal facet of the third metatarsal and the distal facet of the third 
cuneiform (Regan et al. 1999). The defects are caused by abnormal separation of the 
MT3 and CF3 during joint formation (Garn et al. 1976), resulting in a fibrous or 
cartilaginous union between the two bones (Sartoris and Resnick 1985; Regan et al. 
1999). The defects usually occur on the plantar one third of the facets, are always seen on 
both bones, and show symmetry so only one of the bones needs to be present to score the 
defect (Regan et al. 1999). 

 
Non-osseous tarsal coalition in Lokomotiv Burial # 10-1-1, a 20-25 year old male. Right 
lateral cuneiform, anterior view. © Alison Macintosh 2011 
 

 
Non-osseous tarsal coalition in Lokomotiv Burial # 38-1-1, a 50+ probable female. Left 
lateral cuneiform, anterior view, left third metatarsal, posterior view. © Alison Macintosh 
2011 
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