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Abstract 

This dissertation examines human mobility and population interactions at the Imperial 

Roman (ca. 1st–3rd c. CE) sites of Isola Sacra (SCR) at Portus, Velia in the Cilento of 

Italy, and Rue Jacques Brel Necropolis (JBR) in Saintes, France. Isotopes of oxygen 

(18Oc) and strontium (87Sr/86Sr) are used to assess instances of human mobility from the 

enamel of second molars (M2), providing a gauge of movement after age ~7–8 years. 

Nonmetric traits are employed in conjunction with isotopic perspectives to examine the 

nature of biological affinities and phenetic divergence between these three sites. 

 Isotopic results of this study indicate that a significant number of individuals, 

including females and children, were mobile towards the sites at which they were 

ultimately interred, with the highest estimates of mobility provided by 18Oc seeing rates 

between 25%–38% across the three sites. 87Sr/86Sr results provided lower estimates of 

mobility ranging from zero cases at Velia to 30% at JBR, while combined 18Oc and 

87Sr/86Sr analyses provided the lowest estimates of mobility ranging from zero cases at 

Velia to 20% at JBR. Such results suggest that a combined isotope approach may not 

necessarily increase the degree of mobility discrimination, bringing into question issues 

of regional homogeneity and overlap in 18Oc and 87Sr/86Sr values for the regions 

examined. A further examination of 18Oc variation in M1 vs. M2 vs. M3 for a sub-

sample of 20 individuals indicates that childhood mobility was taking place at Portus.  

 Nonmetric trait analysis provides insight to the nature of biological population 

similarity and divergence. Across the three sites SCR is the most similar to JBR and 

Velia, while Velia and JBR are the most dissimilar. The nature of these similarities 

suggests that overall the biological background of the people interred at JBR, SCR, and 

Velia is similar, but with unique regional phenetic differences indicating distinct 

biological populations at all three sites. 

 Using these multiple lines of evidence this dissertation emphasizes a significant 

degree of mobility and population heterogeneity across the Roman landscape. It is evident 

from the research findings presented here that with the expanding Roman empire mobility 

and population interaction remained staples of Roman life. 
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Chapter 1–Introduction 

 

Mobility and migration have remained issues of perennial interest both in modern 

and ancient contexts. Human mobility and the associated interaction of widespread and 

disparate populations formed a core component in the structuring and proliferation of the 

Roman Empire (See Chapter 4–On Mobility and the Roman Empire). This dissertation 

investigates the nature of mobility and biological affinity among three Imperial Roman 

(ca. 1st–3rd c. CE) sites using isotopes (18O, 87Sr/86Sr) and heritable nonmetric dental and 

skeletal traits.  

The research presented in this dissertation contributes a further line of evidence 

situated within larger frameworks dealing with Roman mobility and population 

interaction as evidenced through archaeological excavation, epigraphy, onomastics, 

textual accounts, and material culture, among various other fields of inquiry. Three main 

questions are addressed through isotopic and nonmetric trait perspectives in this 

dissertation. Who was moving and in what number? Where, on a regional level, did 

people move to and from? Based on nonmetric traits, how biologically similar were the 

residents of the three sites examined? 

The initial suggestion of using strontium isotopes (87Sr/86Sr) to trace mobility was 

provided by Ericson (1985) and the use of oxygen (18O) shortly after in 1991 by 

Schwarcz and colleagues. Both 18O and 87Sr/86Sr have seen widespread global use in the 

investigation of mobility among bioarchaeological samples (See Chapter 2–Isotopes). The 

seminal works of Prowse et al. (2007, 2010a) looking at Portus Romae, and subsequent 

works by Killgrove and colleagues (Killgrove 2010a,b; Killgrove and Montgomery 2016) 

looking at Rome, represent early forays into using isotopic methods to gauge mobility 

among skeletal samples from Roman contexts.  

In terms of gauging Roman mobility, the introduction of stable isotope 

methodologies is a relatively new endeavour compared to more traditional textual 

methods of study (e.g. epigraphy), and marks a departure in both how mobility is 
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identified and conceptualized. Where epigraphy and other textual methods of identifying 

mobility are inherently dependant on what individuals chose to record, stable isotope 

methods are less limited in that information can be gathered about the mobility of each 

individual sampled regardless of the presence or absence of epigraphic materials. 

Conversely however, isotopic methods cannot pinpoint from which specific city an 

individual may have migrated, thus stressing the complementary rather than antagonistic 

relationship between epigraphic and stable isotope methods of identifying mobility. 

 The use of nonmetric traits (NMT) to gauge the degree of biological affinity 

between skeletal samples has a rich history spanning centuries of research (See Saunders 

1989; Saunders and Rainey 2008). The current use of nonmetric traits to investigate 

phenetic affinities between skeletal samples originates with the work of Grüneberg (1952, 

1963, 1965) who was able to show the heritability of nonmetric skeletal traits in mice and 

their use for tracking relatedness among breeding populations. Though widely employed 

in the investigation of bioarchaeological materials, to date the use of nonmetric traits to 

examine Roman and earlier populations on the Italian peninsula has seen comparatively 

limited employment (e.g. Rubini et al. 1996, 1997, 2007; Coppa et al. 1998, 2007; 

Killgrove 2010; Iorio et al. 2012). The use of nonmetric traits pairs well with isotopic 

methods of investigation. Where isotopic results can provide insight to the regions where 

individuals resided during tooth formation, nonmetric traits can provide insight to the 

biological diversity of the populations sampled, allowing for insights to both mobility and 

relative biological divergence among the samples examined (See Chapter 3–Nonmetric 

Traits). 

 Three sites dating to the ca. 1st–3rd c. CE of the Imperial Roman era are examined 

in this dissertation. Isola Sacra (SCR) is the cemetery associated with the maritime port of 

Rome at Portus Romae (Portus). This site is located at the mouth of the Tiber river on the 

Tyrrhenian coast of Italy and served as a key harbour and transhipment location for 

products coming into and moving out of Rome proper. Velia is located on the Tyrrhenian 

coast in the Cilento of southern Italy. Velia was a secondary maritime port of the Roman 

empire, being smaller than Portus and less equipped to deal with large volume maritime 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 3 

traffic, but nonetheless a key locale for the shipment of goods, fish processing and 

arboriculture, as well as the maintenance of marine craft and associated industries. The 

Rue Jacques Brel necropolis (JBR) is a small inland site located in Saintes, France, ~120 

km north of Bordeaux. The associated settlement of Rue Jacques Brel served as a minor 

regional industrial production location, predominantly for glass and pottery. These three 

sites were chosen in an attempt to examine a presumable cross section of Roman society, 

ranging from the main port servicing Rome at Portus Romae, to the increasingly parochial 

and provincial sites of Velia and Rue Jacque Brel (See Chapter 5–Materials and 

Methods). 

 Abundant aggregate evidence of mobility in the Roman era exists among textual 

and epigraphic materials. Yet there is limited individualized insights to mobility due to 

differential recording of mobility events based on the age, sex, ethnic origin, and status of 

individuals. Isotopic and nonmetric trait methods of investigating Imperial Roman era 

mobility and population divergence can contribute significant insights to ongoing 

discussions about who was mobile in the Imperial Roman era. To this end, this 

dissertation seeks to examine the nature of mobility on an individual level as well as the 

degree of population similarity across the three Imperial Roman sites examined. 
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Chapter 2Isotopes and Migration 

2.1Introduction 

Isotopic approaches to palaeomobility within anthropology have grown significantly over 

the last 30 years. Anthropological palaeomobility research mainly examines oxygen 

(18O) and strontium (87Sr/86Sr) variability, with other elements, such as lead (Pb) seeing 

increasing, though still less common, use (see Montgomery et al. 2000, 2010; 

Montgomery 2002). This chapter begins with an introduction and background to the 

different varieties of isotopes and their relevance to mobility research before moving on 

to focus on the use of oxygen and strontium isotopes within anthropological research for 

addressing issues of palaeomobility. This chapter ends with a brief discussion of potential 

future directions in isotopic palaeomobility research within anthropology.   

2.2Isotope Varieties and Instrumentation 

2.2.1Isotope Varieties 

Isotopes are variations in atomic weight of a given element resulting from differences in 

the number of neutrons in the nucleus while maintaining the same number of protons and 

hence the same chemical properties (e.g. O has 8 protons, but 16O has 8 neutrons, 17O has 

9 neutrons and 18O has 10 neutrons) (Hoeffs 2004; Sharp 2007). Isotopes can be 

radioactive, stable, and radiogenic. Radioactive isotopes, like 14C, are not used in 

palaeomobility studies as they decay over time and do not generate regional signatures 

(Dickin 2005; Faure and Mensing 2005).   

2.2.1.1Stable Isotopes 

Stable isotopes (e.g. 16O), are produced through nucleosynthesis, being the cosmic 

process by which pre-existing nucleons are fused and altered to form new elements and 

their isotopes (i.e. oxygen is generated through stellar nucleosynthesis from alpha and   

s-processes in stars), (Sharp 2007; Meyer et al. 2008). The ratio of one isotope to another 

(e.g. 18O/16O) changes in relation to chemical processes in which either the lighter or 

heavier isotope is preferentially lost leading to a change in the isotope ratio of the original 
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state and the reaction state (e.g.18O is preferentially lost in precipitation due to its 

increased weight over 16O) (Pollard et al. 2007; Brown and Brown 2011). This process is 

referred to as fractionation and is the definitive principle of stable isotope research (Urey 

1947; Hoeffs 2004; Fry 2006).  

2.2.1.2Radiogenic Isotopes 

Radiogenic isotopes are decay products of long lived radionuclides, forming through the 

loss of alpha (and beta ( particles (e.g. 87Rb87Sr) (Faure and Powell 1972; Bullen 

and Kendall 1998; de Laeter et al. 2003). Significant fractionation of radiogenic isotopes 

does not readily occur (Rankama 1954; Dickin 2005). As such, the ratio of radiogenic 

isotopes to non-radiogenic isotopes in any given location is dependent on the initial ratio 

(e.g. 87Sr/86Sr), the initial concentration of elements (e.g. Sr and Rb), and the age of the 

underlying geology (i.e. time allowed for 87Rb87Sr decay) (Dickin 2005; Bentley 2006; 

Voerkelius et al. 2010). 

Chemical elements can have both stable and radiogenic forms of a given isotope 

(Jäger and Hunziker 1979). This is particularly pertinent to the present discussion as the 

genesis of 87Sr is both stable and radiogenic, thus 87Sr is not totally absent before decay of 

87Rb, rather such decay contributes further 87Sr to what is already present (Faure and 

Powell 1972; Bullen and Kendall 1998).  

2.2.2Instrumentation 

Isotopic ratio measurements are conducted using isotope ratio mass spectrometers 

(IRMS), in which elemental ions are separated into a beam by electromagnets before 

being separated into individual beams based on the mass/charge ratio of ions (Dickin 

2005). Such isotopic measurements can be undertaken on a thermal ionization mass 

spectrometer (TIMS), multi-collector inductively coupled plasma mass spectrometer 

(MC-ICP-MS), and gas-source isotope ratio mass spectrometer (GIRMS) (See Brenna et 

al. 1997; Wright 1999; Dickin 2005; Pollard et al. 2007; Sharp 2007; Eiler et al. 2013).  
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2.2.2.1Thermal Ionization Mass Spec. (TIMS) 

When using TIMS, samples must first be purified through cation exchange columns to 

isolate the desired element for mass spectrometric analysis. The elemental salt is then 

loaded onto a metal filament (e.g. tantalum) which, under vacuum, is raised to a 

temperature at which simultaneous volatilization and ionization occurs, allowing for mass 

spectrometric data collection (Dickin 2005). 

2.2.2.2Multi-Collector Inductively Coupled Plasma Mass Spec. (MC-ICP-MS) 

MC-ICP-MS uses an inductively coupled plasma source to convert atoms to ions, which 

are then separated and detected by a mass spectrometer (Dickin 2005). Samples are 

heated in a gas plasma to achieve ionization (Dickin 2005). This is accomplished by the 

use of a plasma torch generated by radio-frequency to create intense eddy currents in a 

stream of ionized argon gas, allowing for the transmission of ~1 kilowatt of power into 

the plasma, raising its temperature to ~5000C resulting in ionization of most elements, 

allowing for separation and collection (Houk 1986; Dickin 2005). One advantage of MC-

ICP-MS is that samples do not have to be as intensively purified before they are 

introduced to the mass spectrometer, while a benefit of TIMS is that it allows for within-

run correction due to smaller mass fractionation factors (Dickin 2005).   

2.2.2.3Gas-Source Isotope Ratio Mass Spec. (GIRMS) 

Gas-source IRMS is a high precision method used for analyzing the isotopic composition 

of elements that can be introduced into the mass spectrometer in a gaseous state, in 

contrast to the solid state requirements of TIMS (Wright 1999). Gas-source IRMS is the 

basis for most stable isotope analyses of compounds containing the elements H,C,N,O, 

and S (Brenna et al. 1997; Eiler et al. 2013). The most common gas-source IRMS 

instrumentation used relies on a dual-inlet setup, where twin manifolds are employed to 

introduce respectively the unknown sample and the reference standard (Wright 1999). 

The gases are introduced to the ionization source, under vacuum, where the ions enter a 

flight tube before ultimately being separated by a magnetic field and detected at the end 

of their trajectories. The dual inlet system allows for rapid introduction and comparison of 
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samples and standards under essentially identical instrument conditions (Wright 1999; 

Eiler et al. 2013).  

2.3Isotopic Perspectives on Palaeomobility in Anthropology 

Palaeomobility research relies on region specific isotopic signatures to gauge where 

individuals may have resided during specific periods of skeletal formation (Katzenberg 

2008). Individuals take on an isotopic signature (e.g. 18O and 87Sr/86Sr) based on the 

isotopic values of the foods and water they consume, which themselves have isotopic 

values reflective of the regions from which they are derived (Katzenberg 2008). The 

isotopic signature of any given individual is thus an average of the isotopic values 

consumed. If an individual’s diet is comprised primarily of local foods and water, the 

isotopic values of that individual’s skeletal tissues will reflect a local signature. However, 

the local signature of a given area may also be the local signature of another region where 

homogeneous isotopic values are present. This is a key difficulty in palaeomobility 

studies as one regional signature may overlap with another region due to similar 

underlying geology (87Sr/86Sr) or climate (18O), making distinctions difficult at times and 

as a result making it reasonable only to suggest non-local areas an individual may have 

come from, rather than definitively assigning specific geographic origins (See Knudson 

and Price 2007; Prowse et al. 2007; Bruun 2010; Killgrove 2010a,b). 

The isotopic signature in dental enamel can be used as an indicator of residence 

for the period from birth up to ~17 years, when third molar crown development is 

complete (Hillson 1996). The isotopic signature of bone can also be used. Unlike teeth, 

which do not undergo turnover, the isotopic signature of bone can be used throughout an 

individual’s lifetime, from birth to death, with the isotopic signature of bone preserving 

roughly the last 1020 years of residency, which in terms of palaeomobility research can 

be equated with the last 1020 years of an individual’s life (Price et al. 1994b; Hill 1998; 

Parfitt 2002, 2004; Hedges 2007; Price and Burton 2011).  

Rates of bone turnover are complicated and difficult to accurately estimate, 

varying between skeletal elements and individuals, being fundamentally driven by age, 

health, structural optimization, and biomechanical demands (Hill 1998; Parfitt, 2002, 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 8 

2004; Gosman et al. 2011). It is commonly proposed that cancellous bone turns over at an 

increasingly rapid rate compared to cortical bone, though this concept has been criticized 

as an oversimplification (Parfitt 2002). Bone turnover is driven by both biological and 

geometric factors. Bone is remodeled to repair damaged bone and to optimize structural 

integrity (Parfitt 2002; Mescher 2013). At the same time the geometric surface-to-volume 

ratio of skeletal elements in regard to volume replacement/year also plays a role in 

turnover, with different skeletal elements and regions of skeletal elements (i.e. periosteal 

vs. intracortical, metaphysis vs. diaphysis) exhibiting variable rates of turnover (Parfitt 

2002; Hedges et al. 2007).  

Age is also a factor in bone remodeling. Bone collagen turnover has been shown 

to be more rapid in younger individuals, being between 10-30% per year in both male and 

female individuals 10-15 years of age, when modeling and remodeling occur at a faster 

pace to maintain proper longitudinal growth and bone integrity (Scheuer and Black, 2000; 

Hedges et al. 2007; Mescher 2013). As individuals age, rates of bone turnover slow with 

turnover rates among adult males decreasing from 3% per year to 1.5% per year between 

the ages of 20 and 80, while for the same age range in females the rate decreases from 4% 

per year to 3% per year (Hedges et al. 2007).  

For all of these reasons, estimates of bone turnover/year are difficult to accurately 

formulate, necessitating the use of broad estimates from which skeletal elements and 

individuals may widely vary (Frost 1969; Parfitt 2002; Hedges 2007). Taking these 

factors of bone turnover into account, an estimate of ~10 to 20 years is a commonly 

accepted timeframe for complete bone turnover (Frost 1969; Stenhouse and Baxter 1979; 

Hill 1998; Manolagas 2000). Given this comparatively large 1020 year window, it must 

also be taken into account that if an individual moves between isotopically heterogeneous 

regions and consumes isotopically heterogeneous dietary items over this 1020 years the 

isotopic signal preserved in the bone will be an average of the values consumed, which 

may potentially prove challenging for accurate assessments of geographic residency. 
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2.3.1Aspects of Skeletal Elements Used for Isotopic Analyses 

Palaeomobility studies employing 18O and 87Sr/86Sr examine the inorganic bioapatite 

(i.e. biogenic hydroxyapatite = Ca9(PO4)4.5(CO3)1.5(OH)1.5; bioapatite in bone= Ca9(PO4, 

HPO4)6 CO3) aspect of skeletal elements (Driessens and Verbeeck 1990; Rey et al. 1991a; 

Kolodny and Luz 1991; Arppe and Karhu 2005; Price and Burton 2011; Rabadjieva et al. 

2011). Strontium (87Sr/86Sr) can be extracted from apatite as it can substitute for calcium 

(Ca), and thus it has the potential to be recovered from locations where Ca is found 

(Bentley 2006; Burton 2008; Price et al. 2015). Oxygen (18O) values can be derived 

from two locations within apatite - carbonate (CO3) and phosphate (PO4), (Elliot et al. 

1985; Kolodny and Luz 1991; Price and Burton 2011).  

Carbonate is more frequently used in stable isotope research, as it is cheaper and 

easier to isolate for sampling (Kohn and Cerling 2002; Chenery et al. 2012; Kenoyer et al. 

2013). Carbonate oxygen (CO3) can substitute for PO4 and OH within bioapatites, but is 

also present in a more structurally ambiguous labile form, which is subject to significant 

diagenesis (Rey et al. 1991b; Kohn and Cerling 2002). This labile component can be 

removed through simple buffered acetic acid pretreatment leaving the more diagenetically 

resistant form of oxygen for dissolution in phosphoric acid (H3PO4) before mass 

spectrometric analysis (Land et al. 1980; McArthur et al. 1980; Koch et al. 1997; Kohn 

and Cerling 2002).   

Phosphate (PO4), though more expensive and complicated to isolate for sampling, 

is a more directly correlated gauge of 18O in the body (Schwarcz and Schoeninger 1991; 

Kohn and Cerling 2002; Chenery et al. 2012). Unlike CO3, to analyze PO4 oxygen isotope 

values samples must be treated through acid dissolution, typically nitric acid (HNO3) or 

hydrogen fluoride (HF), before being purified, either through exchange columns or 

chemically to produce bismuth phosphate (BiPO4) or silver phosphate (AgPO4), after 

which time samples can be fluorinated, brominated, or thermally decomposed in the 

presence of C to produce carbon dioxide (CO2) or carbon monoxide (CO), at which time 

the sample can be measured using mass spectrometry (Longinelli 1965; Wright and 
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Hoering 1989; Crowson et al. 1991; O’Neil et al. 1994; Stuart-Williams and Schwarcz 

1995; Farquhar et al. 1997; Kohn and Cerling 2002; Vennemann et al. 2002).  

The relationship between phosphate and drinking water in humans is well 

established, as phosphate is the main reservoir of oxygen within skeletal materials 

(~85%), whereas the relationship between carbonate and drinking water requires greater 

regression modeling (see discussion below) (Iacumin et al. 1996; Kohn and Cerling 2002; 

Daux et al. 2005; Chenery et al. 2012). Phosphate is typically believed to be more 

resistant to diagenetic alteration given the strong P-O bond in comparison to the less 

strong C-O bond found in carbonate, though it has been shown that enzyme mediated 

microbial action can result in phosphate oxygen exchange during interaction with water 

and secondary mineral precipitation (Stuart-Williams et al. 1996; Sharp et al. 2000; Zazzo 

et al. 2004; Brady et al. 2008; White et al. 2008–2009; Leach et al. 2010). Despite these 

differences, in the absence of diagenesis both carbonate and phosphate equally reflect the 

isotopic values preserved in skeletal tissues (Schwarcz et al. 2010). 

2.3.2Diagenesis 

Post-depositional alteration, or diagenesis, is a major concern in isotopic research, 

described as “the problem that will not go away” (Sharp et al. 2000: 235). In the burial 

environment the isotopic signature of bones and teeth can progressively equilibrate 

towards the isotopic signature of the surrounding matrix due to isotopic exchange, 

sorption factors, crystallite growth, and re-crystallization, resulting from elemental 

commonalities between skeletal materials and the surrounding burial environment (Likins 

et al. 1960; Nelson 1986; Stuart-Williams et al. 1996; Nielsen-Marsh and Hedges 2000; 

Ayliffe et al. 1992; Chenery et al. 2012). Diagenetic susceptibility is dictated by 

compositional structure. Bone has a significant organic component (i.e. collagen) that is 

subject to postmortem decay and microbial attack. Bone is very porous and composed of 

smaller poorly crystalline structures (a few tens to hundreds of nm in length, and 5 nm in 

thickness), allowing for easier isotopic exchange with the surrounding environment, with 

cancellous bone being more susceptible than cortical bone due to the potential for 

increased exposure to the surrounding burial matrix and therefore increased opportunity 
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for microbial attack and isotopic exchange (Tuross et al. 1989; Price et al. 1992; Nielsen-

Marsh and Hedges 2000; Kohn and Cerling 2002; Robinson et al. 2003; Bentley 2006; 

Burton 2008). In terms of dental remains, dentine is the most susceptible to diagenesis, as 

it is less porous than bone but similar in crystallite size, while enamel is largely believed 

to be resistant to diagenesis due to the larger (tens of nanometres thick and wide, and 

potentially hundreds of nanomtres long), less porous, and denser arrangement of apatite 

crystals (Kohn et al. 1999; Hedges 2002; Kohn and Cerling 2002; Hedges et al. 2006; 

Price 2008; King et al. 2011).  

Isotopic exchange towards equilibration with the surrounding burial environment 

remains the key process for 18O diagenesis. For strontium, secondary Ca and Sr 

exchange with biogenic Sr through pore filling and concentration along microcracks and 

on the surface of bone, coupled with re-crystallization and re-mineralization of diagenetic 

Sr in hydroxyapatite, can create a highly deceptive diagenetic signature (Bentley 2006).  

One way to examine biogenic Sr preservation is to measure the amount of Sr 

(ppm) in a given bone, as Sr in bone should initially be identical to that in enamel of the 

same individual, typically 50 to 300 ppm. The shape of the Sr/Ca curve and the Ca/P ratio 

= 2.1 can also be used as a further confirmation of potentially viable biogenic Sr 

preservation (Knudson et al. 2010; Burton et al. 2003; Sillen and LeGros 1991; Elias 

1980).  

In an attempt to develop a method for removing diagenetic Sr, several pioneering 

studies (e.g. Sillen 1986, Sealy et al. 1991, Sillen and Sealy 1995, Grupe 1999) have 

employed sequential leaching baths of 0.1 N buffered acetic acid (ph= 4.5). This approach 

hinges on the assumption that diagenetic Sr is more readily soluble in acid than biogenic 

Sr, allowing for diagenetic Sr to be separated from biogenic Sr (Bentley 2006; Snoeck et 

al. 2015). Though novel, this method has come under significant questioning on the basis 

that it neglects the concept of re-crystallization and assumes a divergence between 

diagenetic and biogenic Sr that requires further validation (Beard and Johnson 2000). The 

study of Beard and Johnson (2000) on Vietnam war burials particularly calls into question 

the validity of this method as the acetic acid leach method was unable to recover primary 
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Sr from skeletal material that was interred for ~20 years, providing damning implications 

for bone of significantly older age that has undergone diagenesis (Bentley 2006). The acid 

leach method has also been decried on the basis that there is no verification that all the 

diagenetic Sr will be removed, nor is there a reliable way to be certain that viable 

biogenic Sr has not also been removed during acid leaching (Tuross et al. 1989; Budd et 

al. 2000; Hoppe et al. 2003; Zazzo et al. 2004). For bone particularly, the difficulty of 

accurately identifying preserved biogenic Sr over diagenetic Sr requires significant 

validation testing to ensure that a viable 87Sr/86Sr signal is present, a factor that has 

resulted in a decrease in the use of bone for 87Sr/86Sr palaeomobility studies (Nelson et al. 

1986; Hoppe et al. 2003; Bentley et al. 2004; Schwarcz et al. 2010; King et al. 2011), 

though some studies (e.g., Grupe et al. 1997; Schweissing and Grupe 2003; Nafplioti 

2008, 2012; Conlee et al. 2009; Giblin et al. 2013) do still use bone.  

To test for diagenesis several methods can be employed, including mercury 

intrusion porosimetry, to search for evidence of microbial attack (Jans et al. 2004); laser 

ablation inductively coupled plasma mass spectrometry (LA-ICP-MS), which can 

highlight ion substitutions and elemental concentrations (Trueman et al. 2004; King et al. 

2011); the presence of certain elements, such as uranium and rare earth elements (REE), 

at unnatural concentrations can help to indicate diagenetic alteration given the absence or 

very low concentrations of these elements in the living body (Hoohewerff et al. 2001; 

Knudson and Price 2007; Grandstaff and Terry 2009; Terry et al. 2009); micromilling and 

IR-ablation, which investigates structural alterations at the osteon level (Brady et al. 

2008); comparison of burial matrix isotopic values to those of recovered human remains 

(Budd et al. 2000); nuclear magnetic resonance (NMR) and x-ray diffraction, which 

examine structural composition of bone (Lee et al. 1995; Salesse et al. 2013); Fourier 

transformation Raman (FT-Raman) spectroscopy, which uses vibrational frequencies to 

examine change and can also provide insight to the diagenetic presence of elements, 

unlike FTIR (King et al. 2011); and Fourier transformation infrared spectroscopy (FTIR) 

(Shemesh 1990). Of all these approaches it is Fourier transformation infrared 

spectroscopy (FTIR) that remains the most commonly employed method for assessing 
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post-depositional diagenesis in bone and tooth, as FTIR is comparatively inexpensive and 

accessible, and to date, has been the most thoroughly investigated method for looking at 

archaeological skeletal element diagenesis (King et al. 2011; Webb et al. 2014).    

FTIR uses vibrational frequencies to examine the nature of chemical bonds in a 

compound as gauged from infrared stimulated absorption characteristics at particular 

wavelengths along a spectrum (Shemesh 1990; Wright and Schwarcz 1996; Lebon et al. 

2010; King et al. 2011). Based on the characteristics of the spectrum produced, a gauge of 

diagenetic alteration associated with re-crystallization can be ascertained through what is 

know as the crystallinity index (CI). This is a measure of the size and structural order of 

crystals, which is calculated based on phosphate peak splitting on the FTIR spectrum 

using the CI formula:  

 

Equation 2.1–Crystallinity Index (after Shemesh 1990) 

 

CI = (A565 + A605)/A595, 

 

where Ax is the absorption at a certain point along the spectrum in cm-1 (Termine 

and Posner 1966; Weiner and Bar-Yosef 1990; Shemesh 1990; Trueman et al. 2004). 

Using this equation, a CI of 3.8 or less for biogenic apatite is ideal, with values above this 

indicating increasing diagenetic alteration associated with apatite re-crystallization 

(Shemesh 1990; Wright and Schwarcz 1996; King et al. 2011; Webb et al. 2014). In 

tandem with CI, the C/P ratio of carbonate (CO3) to phosphate (PO4) can be used to 

assess the addition of diagenetic carbonate by using:  

 

Equation 2.2–C/P Ratio (after Wright and Schwarcz 1996) 

 

C/P=A1415/A1035, 
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where A1415 is the CO3 peak and A1035 is the main PO4 peak on the FTIR spectrum 

(Wright and Schwarcz 1996; Wright et al. 2010). Taking stock of all of these diagenetic 

factors it is essential that bioarchaeological materials be assessed for diagenesis in order 

to ensure that an accurately preserved isotopic signature is being examined.   

2.3.3Oxygen (18O) Isotopes in Palaeomobility Research 

2.3.3.1Oxygen Isotopes 

Oxygen is a naturally abundant element with three stable isotopes, 16O (99.763%), 17O 

(0.0375%) and 18O (0.1995%) (Hoeffs 2004). Palaeomobility studies use regional 

variations in the ratio of 18O/16O to gauge human movements. As the ratio of 18O/16O is 

numerically small 18O/16O is presented using delta () values in per mil (‰) increments, 

calculated as: 

 

Equation 2.3–Calculation of Delta Values (after Hoeffs 2004) 

 

 18O = ((18O/16Osample/
18O/16Ostandard) -1) x 1000 (‰),  

 

where 18O/16Osample is the ratio of the sample in question measured against the 

18O/16Ostandard ratio of an international standard (e.g. NBS-19 for VPDB 18Ocarbonate = -

2.2‰) (Sharp 2007; de Laeter et al. 2003). By using delta values, minor numerical 

variations that are significant can be more easily observed. The standardized scale for 

measuring 18O can be either Vienna standard mean ocean water (VSMOW) or Vienna 

Pee Dee Belemnite (VPDB) as established by the International Atomic Energy Agency 

(IAEA) (Preston 1992; ASOL 1995; Coplen et al. 1996).  

Water (H2O), and the water cycle, is the key medium through which oxygen 

isotope variation occurs and can be tracked (Bowen 2010). Pioneering research by 

Dansgaard (1964) showed that 18O of precipitation generally decreases with distance 

from a marine coastline, increase in elevation, decreasing temperature of precipitation and 

increasing latitude, with further potential effects due to humidity (Bowen 2010; Schwarcz 
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et al. 2010). In continually hot climates (> ~25ºC) this trend breaks down and one must 

rely on the amount of precipitation, which Dansgaard (1964) also showed to follow a 

pattern of predictable 18O variability (e.g. low 18O in rainy periods and high 18O in dry 

periods). Taking account of these parameters global variability of 18O in meteoric water 

can be mapped using region specific data, typically compiled as part of the Global 

Network of Isotopes in Precipitation (GNIP) project (GNIP 2015).  

As regional 18O values are driven by the hydrological cycle there can be many 

homogeneous regions that exhibit the same isotopic signature (e.g. for both Comacchio in 

northern Italy and Bari in southern Italy 18O= -6.7‰) (Longinelli and Selmo 2003). For 

this reason 18O signatures are not unique, but rather are regional, necessitating that 18O 

signatures be interpreted parsimoniously and, when possible, in tandem with other 

regionally discriminative data (e.g. 87Sr/86Sr) to help provide finer regional resolution.  

2.3.3.2Oxygen in the Body 

Oxygen is incorporated into the skeleton predominantly through consumption of drinking 

water, with dietary water and atmospheric oxygen playing minor secondary roles (Hedges 

et al. 2006; Price and Burton 2011). The 18O signature of slower forming tissues (e.g. 

bone, enamel) forms in equilibrium with bulk body water (~37°C), which itself largely 

reflects drinking water (Luz et al. 1984; Preston 1992; Kohn and Cerling 2002; Ehleringer 

et al. 2008). In rapidly forming tissues (e.g. hair) 18O is much more variable, reflecting a 

complicated balance between water intake, body water and amino acids in keratin (see 

Ehleringer et al. 2008; Bowen et al. 2009; D’Ortenzio et al. 2015). Oxygen is released 

from the body in urine, sweat and exhaled vapour (CO2), thus 18O in the human body is 

a balance between what comes in and what goes out (Prowse et al. 2007).  

Palaeomobility research using oxygen operates on the premise that in antiquity 

drinking water would have been predominantly derived from rain water and local water 

sources resulting in individuals taking on a 18O signal that reflects their area of residency 

(Hedges et al. 2006). Variation in the 18O signal can occur from such processes as water 

storage, cooking, and fermentation due to preferential evaporation of 16O (Daux et al. 
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2008; Warriner and Tuross 2009; Killgrove 2010a; Brettell et al. 2012a; Kendall et al. 

2013; Britton et al. 2015), and due to breastfeeding, during which the enamel of 

developing teeth is enriched in 18O resulting in 0.5 – 0.7‰ elevation of 18O compared to 

adult values (see Roberts et al. 1988; Herring et al. 1998; Wright and Schwarcz 1998, 

1999; Knudson 2009). This occurs due to the fact that breast milk is enriched in 18O 

compared to drinking water given the preferential loss of 16O with the expulsion of body 

water (Roberts et al. 1988; Knudson 2009). Though these variations in 18O values occur, 

consumption of such products is not likely to form the exclusive intake of water in any 

given post-breastfeeding diet and thus it is expected that a signature consistent with the 

18O value of local precipitation can still be obtained.   

A potential inhibiting factor to this logic is the use and consumption of modified 

water sources. Looking at 18Oc variation in dental enamel between Iron Age, Roman 

period, and Early Medieval sites in coastal Croatia, Lightfoot et al. (2014) argue that 

modified water source exploitation (i.e. aqueducts and wine) in the Roman period may 

account for the degree of variability they observed between these three time periods. 

Aqueducts have the potential to alter local 18O values as water was often sourced from 

distant settings, possibly resulting in higher or lower 18O values in enamel depending on 

variation in altitude (see Ashby 1935; Passchier et al. 2011). In terms of Roman 

aqueducts the amount of water available is difficult to accurately estimate, both in 

quantity and who had access to aqueduct water (Bruun 1991). In the case of Rome, it is 

well known that before the aqueducts were constructed, local rainwater, springs, and even 

water from the Tiber river were used, and very probably were still significantly relied 

upon after the introduction of aqueducts, suggesting that even with the introduction of 

aqueducts local sources of water would still also have been utilized (Bruun 1991). 

Lightfoot et al. (2014) also suggest that wine may in part account for the 18O 

variability observed, given the increase in access to and trade in wine during the Roman 

era. Though fermentation accounts for relatively little isotopic change (up to 1.7‰), 

isotopic fractionation associated with evapotranspiration between local waters and grape 

juice for wine production can be in the order of +7.2‰ (Dunbar 1982a,b; Ingraham and 
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Caldwell 1999). Despite the proposition of these potential sources of 18O variation in 

Roman Croatia, Lightfoot et al. (2014) do not provide strong confirmatory evidence that 

aqueducts or wine were the root cause of the variation they observed, but rather infer that 

they may have been, stressing overall that, regardless of the source of variation, caution 

and accounting for of potential anthropogenically modified water sources needs to be 

taken into account in any 18O examinations of palaeomobility. A way in which to 

potentially assuage this concern is to employ 18O in tandem with other regionally 

discriminative isotopes (i.e. 87Sr/86Sr, 34S, 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb).  

2.3.3.3Converting Oxygen Isotope Values 

Bioapatite 18O values ultimately have to be converted to regional drinking water values, 

also referred to as meteoric water, to be comparable to oxygen isotopes values in 

precipitation (i.e. GNIP 2015). To accomplish this a series of conversion equations must 

be employed. Starting with the equation of Faure and Mensing (2005), 

18Ocarbonate(VPDB) can be converted to 18Ocarbonate (VSMOW) a step that is necessary as 

subsequent equations are based on VSMOW values: 

 

Equation 2.4–Conversion of VPDB values to VSMOW values (after Faure and Mensing 

2005) 

 

18Oc(VSMOW)= 1.0309 x 18Oc(VPDB) + 30.91.      

 

Following conversion to VSMOW, carbonate (δ18Oc) values can be converted to 

phosphate (δ18Op) values. Isotopic research using 18O initially avoided using the 

carbonate oxygen component due to concerns about potentially significant diagenesis (see 

Section 2.3.1) and uncertainty that carbonate values were in equilibrium with body water, 

which is well established for phosphate oxygen values (Iacumin et al. 1996; Chenery et 

al. 2012). From a series of analyses on modern, archaeological, and fossil bones Iacumin 

et al. (1996) were able to show that carbonate and phosphate oxygen values in the body 
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are linearly correlated, with an 8.5‰ offset between them, thus carbonate accurately 

reflects body water composition. Based on this finding Iacumin et al. (1996:Eqn. 2) were 

able to derive a regression equation for converting carbonate values to phosphate values:   

 

Equation 2.5–Conversion of carbonate values to phosphate values (after Iacumin et al. 

1996).  

 

δ18Op = 0. 98 x δ18Oc – 8.5.        

 

Once carbonate values are converted to phosphate values the final step is to 

convert phosphate to drinking water (δ18Odw) values. This step can be completed using a 

number of equations (i.e. Luz et al. 1984; Longinelli 1984; Levinson et al. 1987), though 

the most recent and widely used equation remains that of Daux et al. (2008:Eqn. 6):  

 

Equation 2.6–Conversion of phosphate values to drinking water values (after Daux et al. 

2008) 

 

δ18Odw = 1.54 x δ18Op – 33.72.           

  

This series of conversion steps has remained a key method for comparing 

carbonate derived oxygen values to regional drinking water values. However, this 

approach has not been without its difficulties. With each step of the conversion an 

increasing degree of uncertainty is introduced, inherently increasing the potential error of 

calculations (Pollard et al. 2011; Chenery et al. 2012). To help limit this degree of error 

Chenery et al. (2012) analyzed δ18Oc from the enamel of 51 archaeological teeth that had 

previously been examined for δ18Op and 87Sr/86Sr. From these analyses Chenery et al. 

(2012) were able to establish a direct relationship between δ18Oc and δ18Op in human 
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dental enamel, which was then combined with the δ18Op to 18Odw formula of Daux et al. 

(2008) to create a novel regression equation to convert δ18Oc directly to δ18Odw:  

 

Equation 2.7–Conversion of carbonate values to drinking water (after Chenery et al. 

2012) 

 

  18Odw= 1.590 x 18Oc -48.634. 

 

By allowing for direct conversion of 18Oc to 18Odw the degree of error that is 

introduced with each subsequent conversion, which Pollard et al. (2011) showed can 

range from ±1‰ to ±3.5‰ across several δ18Op  to 18Odw equations (i.e. Luz et al. 1984; 

Longinelli 1984; Levinson et al. 1987; Daux et al. 2008) with a potential additional error 

of ±0.28‰ when converting δ18Oc to δ18Op (Chenery et al. 2012), can be reduced.  

Another potential way to limit the error introduced by multiple conversions, as 

discussed by Pollard et al. (2011), would be to generate regional δ18Op values, thus 

removing the need to use drinking water values as they are the only globally mapped 

values at present. Pellegrini et al. (2016) attempted this process using a geostatistical 

model derived from δ18Op values in the teeth of 261 individuals interred at sites dating 

from the Chalcolithic to Early Bronze Age in Britain (ca. 2500–1500 BCE). This study 

resulted in the generation of a map of expected phosphate (18Op) values that can be used 

in future research on this era in Britain in place of converted 18Odw values. However, 

until δ18Op values can be generated for large regions, ideally globally, which is not likely 

to be anytime soon given the massive undertaking of such a global project, it is necessary 

to continue to use comparisons to 18Odw values.  

2.3.3.4Anthropological Palaeomobility Research Using Oxygen 

Early research by Luz et al. (1984) and Luz and Kolodny (1985) empirically shows that 

variations in 18O/16O occur in bone in relation to isotopic differences in dietary water. The 

work of Schwarcz et al. (1991), looking at 18O in bone phosphate of soldiers from the 
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War of 1812 at Snake Hill, initiated the use of 18O in palaeomobility research in 

anthropology.  Following this initial study, the use of 18O for tracing migration in the 

past expanded steadily.  

The works of White et al. (1998, 2000, 2002) and Spence et al. (2004) are some of 

the most extensive studies to use 18Op exclusively, looking at non-local vs. local 

mobility and enclaves at Teotihuacan and surrounding Mesoamerican regions, as well as 

the impacts of Teotihuacan imperialism and cultural group interactions within Mexico 

and Guatemala. These respective works show how potent the use of 18O could be for 

gauging regional movement, and how even at the site level individuals from disparate 

geographical backgrounds could be identified.  

Looking at Roman era samples, Nugent (2013) uses 18Oc to gauge the mobility of 

a single unsexed Roman individual known as Individual 21, who was recovered buried in 

a seated position inside a pithos with a number of high status Roman objects during 

excavations of an Iron Age site at Oğlanqala in Naxçivan, Azerbaijan. Based on a 2.58‰ 

difference between Individual 21 and archaeological rats, Nugent (2013) concludes that 

Individual 21 was likely non-local to the area of Oğlanqala. Individual 21 is the only 

Roman individual to be recovered from this site and the first Roman burial identified 

from the South Caucasus, providing a rare contribution to discussions of a region of the 

Roman Empire that is presently comparatively poorly understood (See Kennedy 1996; 

Woolf 1997; Khatchadourian 2008; Ristvet 2012).   

Using exclusively 18Oc Lightfoot et al. (2014) examine potentially culturally 

induced variations in 18O signatures over time among individuals from Iron Age, 

Roman, and Early Medieval sites in coastal Croatia. A comparison of human and local 

faunal 18O values suggests that human 18O values from the Iron Age largely reflect 

local faunal values, while those of the Roman and Early Medieval periods vary 

significantly (Lightfoot et al. 2014). Such variation is attributed to widespread 

exploitation of water brought in by aqueducts from the Dinaric Alps during the Roman 

era with continued but decreasing exploitation into the Early Medieval period. The 

implications of this 18O study are significant as it provides a mechanism not only for 
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gauging mobility but also a potential approach for looking at cultural variation in water 

exploitation over time (see also discussion in Section 2.3.3.2).   

Prowse et al. (2007, 2010a) use 18Oc to explore mobility at the Imperial Roman 

sites of Isola Sacra (1st3rd c. CE), and Vagnari (2nd4th c. CE). These studies represent 

two of the first attempts to use 18O to look at Roman population mobility on the Italian 

peninsula. At Vagnari in Puglia, Prowse et al. (2010a) show how 18O, coupled with 

mtDNA and grave type analysis, can help provide evidence of mobility that is not 

necessarily obtainable from burial style or grave goods alone, as several individuals at 

Vagnari clearly migrated there based on their non-local 18O signature, yet were also 

likely highly integrated into the community given their similar burial style to isotopically 

local individuals. This study shows how the combination of investigatory methods can 

help to provide more richly detailed insights to both mobility and cultural interactions in 

Roman antiquity. 

At Isola Sacra, the cemetery of Portus, Prowse et al. (2007) show that ~33% of 

individuals examined were non-local based on their 18Oc signatures. The mobility 

observed includes potential instances of family migration, where children accompanied 

parents. This novel observation has strong implications as migration in the Roman era is 

predominantly discussed in terms of male mobility. Comparatively little discussion 

centres on women or children, making such an observation an important contribution to 

ongoing debates about the history and often problematized nature of Roman mobility in 

general and settlement at Portus in particular (e.g. Meiggs 1974; Bruun and Zevi 2002; 

Bruun 2010).  

Along with their discussion of Roman mobility, Prowse et al. (2007) also provide 

data on local 18O signatures, derived from sampling teeth of modern residents of Rome. 

These data, along with the Italian data for regional variation in δ18O of rainfall (Figure 

2.1) presented by Longinelli and Selmo (2003), provide further contextual information 

that can aid future 18O research in the region.          
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Figure 2.1Mean oxygen isotopic (18O) variability of precipitation on the Italian 

peninsula. (Reprinted from Journal of Hydrology, vol. 270, Longinelli A., 

Selmo E., Isotopic Composition of Precipitation in Italy: A First Overall 

Map, pp. 7588, Copyright (2003), with permission from Elsevier).  

 

 

Despite the success of singular 18O studies a key difficulty of using only 18O to 

gauge mobility is the prevalence of 18O homogeneity over some geographic areas. As 

discussed above, 18O varies predictably and as a result several areas can have the same 

18O signature, potentially making regional distinctions based on 18O alone difficult. 

This issue is made quite evident for Italy in the work of Longinelli and Selmo (2003), 

where 18O values are shown to vary between the coast and the Apennine mountains but 
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are largely homogeneous from North to South. Thus an individual born in Genoa could 

potentially have the same 18O signature as an individual born in Palermo. In order to 

help address this limitation alternate approaches to gauging mobility (e.g. 87Sr/86Sr) are 

needed.     

2.3.4Strontium (87Sr/86Sr) Isotopes in Palaeomobility Research 

2.3.4.1Strontium Isotope Abundances and Standards 

There are four stable isotopes of strontium, 84Sr (~0.56%), 86Sr (~9.87%), 88Sr (~82.53%), 

and 87Sr (~7.04%), which is also radiogenic (Malainey 2010; Bentley 2006). Sr enters the 

body through dietary consumption but serves no biological function, however, Sr can 

readily substitute for Ca in hydroxyapatite given its similar ionic radius (Sr =1.32 Å vs. 

Ca= 1.18 Å) and ionic charge of 2+ (Bentley 2006).   

Strontium values are conventionally presented as a direct ratio (e.g. 87Sr/86Sr= 

0.703192) (Bentley 2006). Attempts have been made to use delta () (Juarez 2008), and 

epsilon ( eard and Johnson 2000)1 values for looking at 87Sr/86Sr within forensic 

contexts, ostensibly for reasons of small numerical differences between 87Sr/86Sr and for 

comparability to the geochemical literature (eard and Johnson 2000; Dickin 2005). 

Direct ratio (i.e. 87Sr/86Sr) values remain the most standard convention of data 

presentation across fields.  

Due to its atomic size and the fact that 87Sr is only 1.1% heavier than 86Sr there is 

no observable fractionation between these isotopes at biological temperatures, allowing 

for the contributing 87Sr/86Sr of underlying geology to be preserved along the food chain 

(Bentley 2006; Malainey 2010). The standard against which 87Sr/86Sr is compared is 

strontium carbonate (SrCO3) NIST SRM-987= 0.710260 ± 0.000010 (Moore et al. 1973, 

1982; Knudson and Torres-Rouff 2009; Brand et al. 2014).  

                                                 

 
1 =(Rsample/Rstandard-1) x 1000; 87Sr=([87Sr/86Sr]measured/[87Sr/86Sr]BULK EARTH-1) x 10,000 (Equation. 2.8 – 

Calculation of Epsilon Values). 
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2.3.4.2Regional Variation in 87Sr/86Sr 

Geologic ratios of 87Sr/86Sr are dependent upon time allowed for 87Rb87Sr decay, with 

87Rb having a half-life of ~4.88 x 1010 years,  initial 87Sr/86Sr ratio, and original 

concentrations of 87Rb and 87Sr (Faure and Mensing 2005; Dickin 2005). Rocks that are 

very old (e.g., >100 mya with high original 87Rb/87Sr content, such as granites) have 

87Sr/86Sr values generally above 0.710, with the upper limit being ~0.750; rocks formed 

comparatively recently (i.e. <1–10 mya, such as igneous rocks with low original 

87Rb/87Sr) have low 87Sr/86Sr values, generally less than 0.704; the 87Sr/86Sr of river water 

varies with local geology, while marine water has had a value of ~0.7092 for at least the 

last 10,000 years (Faure and Powell 1972; Veizer 1989; Bentley 2006; Copeland et al. 

2008; Malainey 2010; Bataille and Bowen 2012). Using such values, estimates of 

regional origins can be derived for palaeomobility research. Though variation in 

underlying geology can be region specific, regional homogeneity, in which similar 

underlying geology results in similar regional 87Sr/86Sr signatures, does occur and must be 

borne in mind when deriving palaeomobility interpretations (Bentley 2006; see also 

Section 2.3.5).  

2.3.4.3Bioarchaeological Consideration of Strontium 

Studies utilizing Sr within the human body have a significant history. The work of 

Turekian and Kulp (1956) on Sr content in bone (ppm) marks an early point at which 

consideration of Sr in animal and human skeletons began. Early studies of Sr commonly 

sought to examine concentrations of Sr in the human skeleton in the form of Sr/Ca to look 

at diet (Sillen 1981; Sillen and Kavanagh 1982; Katzenberg 1984). Unlike 87Sr/86Sr, Sr/Ca 

undergoes biopurification, where Ca is preferentially selected for over Sr the farther up 

the food chain a consumer sits, ostensibly allowing for a relative measure of dietary 

intake (i.e. meat vs. vegetables), with a larger amount of Sr present at lower trophic levels 

(i.e. herbivorous diets) and decreasing amounts of Sr at higher trophic levels (i.e. 

carnivorous diets) (Sillen and Kavanagh 1982; Burton et al. 2003). However, the use of 

Sr/Ca for palaeodietary studies suffers from wide regional variability in Sr and the fact 

that intermediate diets between herbivorous and carnivorous cannot be accurately 
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determined, due to the fact that the largest contributor of Ca in the diet drives Sr/Ca in the 

body (Burton et al. 2003; Burton 2008). As meat is relatively low in Ca and Sr, large 

changes in meat consumption may still be masked by the overwhelmingly larger 

contribution of Ca and Sr from plants to the body, resulting in skeletal remains exhibiting 

broadly similar Sr/Ca regardless of mixed diet type, a fact which has undermined attempts 

to use Sr/Ca to quantitatively examine diet (see Elias 1980; Sillen and Kavanagh 1982; 

Burton et al. 1999, 2003; Burton 2008).   

It is with the works of Ericson (1985, 1989) and Sealy et al. (1991) that the 

concept of using 87Sr/86Sr to look at palaeodiet (e.g. marine vs. terrestrial) and 

palaeomobility was first put forth. Early bioarchaeological studies employing 87Sr/86Sr to 

examine questions of palaeomobility were undertaken in the American Southwest (e.g., 

Price et al. 1994a; Ezzo et al. 1997) and in regard to the Bell Beaker culture (e.g., Price et 

al. 1994b; Grupe et al. 1999). Since the acceptance of 87Sr/86Sr as a viable method for 

tracing palaeomobility this approach has been applied globally. To date studies 

employing exclusively 87Sr/86Sr are well represented in the Caribbean where a number of 

researchers have investigated movement into the Caribbean and between the respective 

islands (Booden et al. 2008; Hofman et al. 2012; Laffoon et al. 2012; Laffoon and 

Hoogland 2012; Pestle et al. 2013). The exclusive use of 87Sr/86Sr in Europe has seen 

widespread investigation ranging from the first settlers of Iceland (Price and Gestsdóttir 

2006) and Viking Denmark (Price et al. 2011), to the eastern Mediterranean looking at 

Minoan (Nafplioti 2008, 2012) and Frankish Greece (Lê 2006), to Neolithic-Copper Age 

Hungary (Giblin 2009; Giblin et al. 2013), Austria (Irrgeher et al. 2012), and Germany 

(Bentley et al. 2003, 2004; Turck et al. 2012), to Mid-Holocene Lake Baikal (Haverkort 

et al. 2008) and Celtic migration in Italy and Germany (Scheeres et al. 2013). The Levant, 

Arabian peninsula and Africa have also seen significant investigation with studies on 

Natufian Israel (Shewman 2004); Nile Valley Egypt and Sudan (Buzon 2007; Buzon and 

Simonetti 2013); Saharan Libya (Tafuri et al. 2006) and Saharan Niger, where 

Stowjanowski and Knudson (2011, 2014) compare 87Sr/86Sr values of M1 vs. M2 vs. M3 

vs. bone at Gobero to gauge age related mobility; Byzantine St. Stephen’s monastery in 
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Jerusalem (Sheridan and Greoricka); to fossil teeth at Swartkrans and Sterkfontein in 

South Africa (Copeland et al. 2010); to mobility in the Arabian peninsula, where 

Gregoricka (2013) looks at exchange networks during the Umm an-Nar (ca. 27002000 

BCE) period in the United Arab Emirates. The Pacific, Asia, Mesoamerica and South 

America have also seen significant investigation using 87Sr/86Sr. Shaw et al. (2009) look 

at Lapita culture in Papua New Guinea; Kusaka et al. (2009) at the association between 

mobility, ritual tooth ablation, and group identity in Jomon era Japan. Price et al. (2000) 

examine immigration at Teotihuacan, Price et al. (2015) look at Mesoamerican mobility 

at the sties of Campeche, Copan, Palenque, and Tikal; while Knudson et al. (2004) look at 

Tiwanaku migration in Bolivia and Peru, and Conlee et al. (2009) investigate mobility at 

Nasca, Peru. 

Yet in terms of studies employing exclusively 87Sr/86Sr to investigate Roman era 

mobility there are comparatively few. Perry et al. (2008) investigate potential political 

refugees associated with Roman annexation of the Nabataean Kingdom in the 2nd c. CE at 

a religious sanctuary located along the via Nova Traiana known as Khirbet edh-Dharih in 

southwest Jordan. Of the 12 individuals analyzed using 87Sr/86Sr only one individual, an 

adult male, displayed a non-local 87Sr/86Sr signature suggesting an origin in the Jezreel 

valley of Israel (Perry et al. 2008).  

Two other studies using 87Sr/86Sr to look at mobility in ancient Jordan have been 

undertaken. Jennings and Perry (2011) examine 28 individuals from the Byzantine 

maritime import and trade site of Aila, on the Gulf of Aqaba. Artefact and architectural 

diversity suggest this location was a major hub of cultural interaction in the region and a 

potentially important area of migration (Jennings and Perry 2001). Yet in spite of the 

diversity of foreign styles and objects all of the individuals examined were identified as 

local (Jennings and Perry 2011). Similar to the discussion of 18O at Vagnari by Prowse 

et al. (2010), in which individuals who appeared local based on grave treatment were 

actually identified as migrants to the site using 18Oc, Jennings and Perry (2011) use 

87Sr/86Sr to show how individuals identified as foreign based on artefacts were in reality 

local, suggesting a diffusion of styles rather than individuals.   
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Similar to the study by Jennings and Perry (2011) at Aila, Al-Shorman and el-

Khouri (2011) use 87Sr/86Sr to examine migration at Late Roman/Byzantine Barsinia (ca. 

4th7th c. CE) in northern Jordan, where a lack of archaeological evidence indicating 

interaction with local groups suggested to excavators that this site was inhabited by 

migrants to the region who were involved with trade in the eastern Mediterranean. 

However, 87Sr/86Sr values indicate that all 12 individuals examined were local to the 

region of Barsinia. Al-Shorman and el-Khouri (2011) suggest that Barsinia may have 

been settled as part of a larger trend of urban groups moving into rural regions in the 

Levant at this time and developing self-sufficient settlements.  

Leslie (2011, 2012) uses 87Sr/86Sr to examine mobility in the valley of 

Stymphalos, Greece among Late Roman/Early Byzantine (4-6th
 c. CE) and Late Medieval 

(14-15th c. CE) rural peasants interred at the sites of Stymphalos and Zaraka. Expanding 

on previous dietary isotopic research conducted by Pennycook (2008), which suggests 

non-local individuals were present in the valley of Stymphalos at this time, Leslie (2012) 

shows the presence of numerous non-local individuals, whom he proposes may have been 

seasonal farm laborers or itinerant individuals who died en route and were buried among 

the site ruins. Considering these results in tandem with 87Sr/86Sr evidence for non-local 

domesticated animals in the valley, Leslie (2012) further suggests that the valley of 

Stymphalos may have been part of a larger transhumance network, in contrast to classical 

views of Greek rural communities as insular with little mobility.   

A key limitation that a number of the studies discussed above bring up is 

homogeneity of regional 87Sr/86Sr signatures. Similar to 18O, 87Sr/86Sr variability is based 

on variations in underlying geology (Bentley 2006). As such, regions with similar 

geology may have similar 87Sr/86Sr signatures despite their geographically disparate 

locations. This point is well made by Perry et al. (2008) for Jordan where it was only truly 

possible to distinguish East-West regional variability using 87Sr/86Sr given the degree of 

North-South geological homogeneity. For this reason, just like the case with 18O, it is 

recommended that 87Sr/86Sr analyses be undertaken with other predictably variable 

isotopes (e.g. 18O) in order to try and limit regional isotopic signature homogeneity.   
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2.3.5Defining the Local Range 

A key component of isotopic palaeomobility studies is the definition of a local range. In 

terms of 18O the local range can be ascertained through the use of predictive programs 

such as GNIP (2015) and published maps and models of regional 18O variation 

(Dansgaard 1964; Longinelli and Selmo 2003; Gat 2005; Schwarcz 2007; Agarrwal et al. 

2010; Bowen 2010). In an attempt to further refine local 18O values some researchers 

(e.g. Prowse et al. 2007; Keenleyside et al. 2011) have examined 18O values from 

modern teeth in the regions of their respective studies, with a local (i.e. consuming local 

water) intra-population range of ~±1‰ to be expected (Schwarcz et al. 2010). However, 

caution must also be taken in using modern tooth samples as global populations have 

increasingly come to rely on non-local water sources, which may affect local isotopic 

signatures (Bowen et al. 2005).  

 Defining the local range for 87Sr/86Sr is more difficult. The 87Sr/86Sr signature of a 

region is based on weathering of strontium bearing rocks and minerals in underlying 

geology, and to a limited extent atmospheric deposition, which is taken up into the soil 

and then into foodwebs of a region, ultimately reaching humans (Bentley 2006). On this 

basis expected 87Sr/86Sr values for a given region can be predicted from underlying 

geology. However, direct geologic 87Sr/86Sr signatures may not be the only source of 

87Sr/86Sr in a human diet. Rather it is possible that an average human diet may include a 

variety of foodstuffs from areas with varying 87Sr/86Sr signatures, effectively creating an 

average of the 87Sr/86Sr values consumed. The different 87Sr/86Sr compositions of soils 

and their variable distribution may also introduce non-local 87Sr/86Sr values into a given 

region (Grousset et al. 1992; Price et al. 2002; Miyamoto et al. 2010; Wu et al. 2010).  

Sea spray is another factor that must be considered. Sea spray droplets can be 

introduced into the atmosphere and to coastal landscapes through spume (i.e. the frothy 

foam of waves) droplet dispersal and when trapped air bubbles make their way to the 

surface and break, allowing for dispersal of marine isotopic values and integration into 

rainwater, which can contribute marine isotopic values that differ from local geological 

87Sr/86Sr (Brown et al. 1995; Whipkey et al. 2000; Evans et al. 2010; Knudson et al. 
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2014b).  Sea spray can include both marine and terrigenous (i.e. marine deposits eroded 

from land), particles, which can be transported inland by aeolian and atmospheric factors 

(Chesselet et al. 1972). Transportation and deposition of sea spray can vary with size of 

droplets, with salt and large water droplets travelling relatively shorter distances before 

being deposited, while smaller droplets can travel several kilometers or more inland, with 

sea spray sulphur being a particularly drastic example, having been documented up to a 

hundred kilometers inland (see discussion below) (Franzen 1990; Gustafsson and Franzen 

1996; Zazzo et al. 2011). Coastal landforms also factor into sea spray, with increasing 

height and limited wind resulting in less distribution and deposition on proximate 

shorelines (Taylor and Wu 1992; Gat et al. 2003; Evans et al. 2010). 

 In terms of 18O, sea spray is of little concern given the regional variability of 

18O signatures as dictated by the hydrological cycle, as well as the fact that sea spray 

will not drastically alter primary drinking water 18O values, which provide the bulk of 

the 18O signature in skeletal tissues (Luz et al. 1984; Prowse et al. 2007). In terms of 

strontium, dietary intake is the key contributor of 87Sr/86Sr in the body (Bentley 2006; 

Knudson et al. 2014b). Given the standard value of sea water at ~0.7092, sea spray may 

unnaturally influence coastal 87Sr/86Sr values (Bentley 2006). As a result in coastal 

environments where sea spray is present values can become incorporated into the local 

soil and thus subsequently incorporated into plants, as well as surface deposition of sea 

spray strontium on the leaves of plants, both of which result in the introduction of sea 

spray 87Sr/86Sr values into local foodwebs, causing an averaging of local 87Sr/86Sr values 

with those of sea water (~0.7092) based on the proportion of diet that sea spray 87Sr/86Sr 

represents (Veizer 1989; Chadwick et al. 1999; Whipkey et al. 2000; Kusaka et al. 2009; 

Bentley 2006; Knudson et al. 2014b). In instances where crop production and animal 

grazing is undertaken away from coastal areas potential effects of sea spray may be 

avoided, while in areas proximate to the coast sea spray may be a factor but not 

necessarily in all cases or uniformly on all coasts, as shown from the UK study sites 

presented by Evans et al. (2010) where the most significant sea spray values are observed 

at sites along the western coast due to prevailing western winds.  
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To help limit the effects of potential environmental variation, 87Sr/86Sr 

palaeomobility studies strive to define local bioavailable 87Sr/86Sr values, which is to say 

the average 87Sr/86Sr available from dietary items in a given region (Bentley 2006). 

Researchers have utilized various materials from local soils and plants to faunal remains 

to gauge variability in regional 87Sr/86Sr signatures (Sillen et al. 1998; Bentley 2006). 

Ideally, it is recommended that archaeofauna tooth enamel be used, particularly local or 

commensal fauna, that have a limited dietary range and thus may provide a localized 

87Sr/86Sr bioavailable signature that is believed to most closely approximate 87Sr/86Sr of 

an area that would have been bioavailable in human dietary foodwebs (Price et al. 2002; 

Bentley et al. 2004; Nafplioti 2011). The use of archaeofauna over modern fauna is 

recommended to avoid potentially significant skewing effects caused by the intake of Sr 

from anthropogenic sources, such as fertilizers and imported feed (Bentley et al. 2004; 

Bentley 2006).  

Inclusion within a “local” range has traditionally been set at within two standard 

deviations from the mean (Price et al. 1994a) in an attempt to account for variable 

87Sr/86Sr intake and intra-population variability, such as that presented by Knudson et al. 

(2004) from a study using guinea pigs raised in the same environment, yet showing intra-

population variability of 87Sr/86Sr values ranging from 0.706121–0.706452.  

Occasionally the local range may appear anomalous. Wright (2005) observes that 

individuals from Tikal, Guatemala had 87Sr/86Sr signatures significantly elevated 

(~0.70812) above the local bioavailable signature (~0.70779). Such elevation was 

attributed to the dietary use of sea salt, originally calculated as ~6.1 g/day, but since 

recalculated as ~9.2 g/day, an amount that would be difficult to consistently consume 

(Fenner and Wright 2014). Wright (2005) also notes that lime, a product used for 

nixtamalization, a cooking method in which foods such as corn are soaked and cooked in 

an alkaline solution, can significantly alter 87Sr/86Sr values. As such dietary practices that 

may affect 87Sr/86Sr need to be kept in mind when interpreting local signatures.   
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2.4Trends in Investigation–Multiple Isotopes and Individuality 

2.4.1Multi-Isotope Approaches 

As isotopic palaeomobility research within anthropology progresses there is increasing 

emphasis on the use of multiple isotopes to provide finer resolution to geographic origins. 

Multi-isotope approaches to palaeomobility typically employ a mix of 87Sr/86Sr, 18O, 

15N, 13C, 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb, as well as Sr/Ca, Ba/Ca, and trace 

elements (e.g. Bentley et al. 2007; Knudson and Price 2007; Knudson et al. 2012b; 

Gregoricka 2014, 2016). There is also an increasing movement to employ isotopes in 

tandem with ancient DNA (e.g. Wilson et al. 2007; Prowse et al. 2010a; Sofeso et al. 

2012). Where one isotopic signature may identify ambiguous or multiple homogeneous 

geographic regions of origin, the use of a second, or more, isotopes/trace elements can 

allow for a narrowing of regions. As each of these isotopic signatures reflects a particular 

dietary and/or geographically variable system, be it geology for 87Sr/86Sr or precipitation 

for 18O, the combined global variability of these isotopes can provide for greater 

regional discrimination (Knudson and Price 2007). The work of White et al. (2007) on 

sacrificial victims at Teotihuacan is an exemplar of this method. White et al. (2007) 

identify 87Sr/86Sr values from human skeletal remains that could have derived from a 

variety of geographic locations ranging from the Gulf of Mexico to the highlands and 

lowlands. However, when 87Sr/86Sr values are mapped against 18O a series of distinct 

regional clusters are more readily apparent for what were foreign sacrificial victims 

(White et al. 2007).  

The use of dietary isotopes (i.e. 13C, 15N, 34S) may also help to provide greater 

context in palaeomobility studies. Müldner et al. (2011) present research on the ‘Headless 

Romans’ from Britain using 18O, 87Sr/86Sr, 13C and 15N. Among the individuals 

examined, several within the local 18O and 87Sr/86Sr range are actually identified as non-

local based on 13C values consistent with a C4 diet, implying a non-British origin as C4 

foods were not cultivated in Britain at this time (Müldner et al. 2011). 

 In terms of multi-isotope studies from the Roman period, studies investigating 

mobility in the United Kingdom during the Roman era far outnumber any other region, 
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with studies examining Hampshire cemetery at Roman Lankhills (Evans et al. 2006b; 

Eckardt et al. 2009); Roman York (Leach et al. 2009, 2010); a Roman Cemetery with a 

Mass Grave at 120122 London Road, London (Chenery 2008); Roman Gloucester 

(Chenery et al. 2010); Roman Catterick in Yorkshire (Chenery et al. 2011); Romano-

British Driffield Terrace, York (Müldner et al. 2011); a late Roman military burial at 

Dyke Hills, Oxfordshire (Booth 2014); Anglo-Saxon West Heslerton (Montgomery et al. 

2005); Gravesend, Kent (Pollard et al. 2011); and Berinsfield, Oxfordshire (Hughes et al. 

2014). Eckardt et al. (2014) present an overview of isotopic studies in Roman Britain.  

 In terms of continental Europe, Scheeres (2014) and Scheeres et al. (2014) 

examine Celtic migration in the 4th3rd c. BCE from sites in Germany, France, Austria, 

Hungary, Romania, Switzerland, and the Czech Republic. Sofeso et al. (2012) investigate 

mobility during the decline of the Imperial Roman era (ca. 4th5th c. CE) at Erding 

Kletthamer Feld, Upper Bavaria using 18O, 87Sr/86Sr, 13C, 15N and aDNA. Initial 

hypotheses about this site suggested that the individuals identified may have been part of 

a military unit, a family or families, or a founder population from North of the Danube. 

Using isotopic signatures and aDNA Sofeso et al. (2012) show that though there was a 

degree of genetic relationship between several individuals, there is no strong confirmatory 

evidence that families were occupying this site. Using 87Sr/86Sr Sofeso et al. (2012) also 

dismiss the potential of a founder population from North of the Danube. Though not 

geographically distant, the variation in 87Sr/86Sr between the North and South of the 

Danube is significant enough that if individuals were arriving from this region their 

87Sr/86Sr signature would be indicative, which was not the case at Erding. Based on the 

suite of isotopic signatures employed, 11/12 individuals are identified as local, with 1 

individual potentially being non-local. On this basis and in tandem with the recovery of a 

Roman fibula, a typical item of Roman military apparel, Sofeso et al. (2012) conclude 

that Erding was most likely the site of a Roman military unit.  

 A number of multi-isotopic studies have explored Roman era mobility in the Near 

East. Dupras and Schwarcz (2001), using 18Oc and 15N, examine mobility at the 

cemetery site of Kellis 2 (ca. 250 CE) in the Dakhleh Oasis, Egypt, identifying at least 
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two non-local adult males, one of whom had leprosy. Dupras and Schwarcz (2001) 

conclude that the presence of such non-local males may have resulted from merchants 

moving between the Nile Valley and the Dakhleh Oasis, though the authors also state that 

the presence of an individual with leprosy suggests mobility to this site may not have 

been exclusively related to trade.  

The works of Perry et al. (2009, 2011, 2012, 2013) and Perry (2009) investigate 

the potential importation of manual laborers to the Roman-Byzantine state run Phaeno 

mining camp at Khirbet Faynan, Jordan, during the 4th7th c. CE using 18Oc and 

87Sr/86Sr. Only one adult male presented a non-local signature suggestive of origins in the 

Galilee region. The identification of predominantly local individuals at Faynan is 

significant as textual evidence typically associates the operation of Roman and Byzantine 

mining camps with non-local laborers, imported to work in mines as a form of criminal 

punishment (Perry et al. 2009). The local origins of the residents of Faynan suggest that 

financial considerations of employing local labor rather than transporting individuals over 

long distances may have played more of a role in the functioning of Roman and 

Byzantine mines than previously assumed (Perry et al. 2009, 2013). A number of 

individuals at Faynan also displayed skeletal levels of copper and lead (µg/g) well above 

ambient environmental levels. This observation allowed Perry et al. (2011, 2012, 2013) to 

further support their isotopic findings that the majority of individuals examined were 

local to the Faynan region. Considering the amounts of copper and lead in the respective 

skeletons of these individuals from Faynan, Perry and colleagues suggest that ten 

individuals with the highest copper and lead levels likely worked in the mines, while 

other individuals with less elevated copper and lead levels may have been involved in the 

running of the mining operations or were simply residents of the area exposed to mining 

related pollution (Perry et al. 2011, 2012, 2013). This use of copper and lead in tandem 

with 18O and 87Sr/86Sr provides yet another degree of insight for not only distinguishing 

local vs. non-local individuals but also their potential social positions within a given 

community.    
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Turning to the Italian peninsula, to date it is only the work of Killgrove (2010a,b; 

2013), looking at mobility in the suburbium of Rome, which has employed a multi-

isotope approach. Killgrove (2010a,b, 2013) uses 18O, 87Sr/86Sr, and 13C to investigate 

mobility among the Roman lower classes, whose burials contained little to no artefactual 

evidence to suggest cultural affiliations, at the Republican/Imperial era sites of 

Castellaccio Europarco (4th BCE2nd CE) and Casal Bertone (2nd3rd CE). Of key 

importance, the work of Killgrove (2010a) shows that, where 18O varies from the coast 

to the Apennines, 87Sr/86Sr, on a macro-level, roughly varies from North to South, 

particularly on the Tyrrhenian coast, where significant volcanic activity has occurred. 

Killgrove (2010a,b, 2013) espouses transnationalism as a theoretical approach to 

look at the potential pull and push factors for why individuals moved towards Rome 

during this era. This approach is well suited to Roman mobility given the expansive size 

of Roman territory and conceptions of “Rome” as an entity being firmly associated with 

mobility and regional interaction (Killgrove 2010b). At Casal Bertone, Killgrove (2010a) 

reports that ~37% (15/41) of the individuals examined were non-local, while at 

Castellaccio Europarco ~29% (4/14) are identified as non-local, a figure that corresponds 

well with other regional studies, for instance, Prowse et al. (2007), where ~33% of the 

individuals sampled from Isola Sacra are identified as non-local. Killgrove (2010a,b) 

proposes that most of the non-local individuals identified appear to have migrated from 

areas relatively close to Rome, including Liguria, Tuscany, Lazio, the Apennines, 

Calabria, and further afield in North Africa, in rural-to-urban movements.  

The use of multiple isotopes in palaeomobility studies, though having great 

potential, may not always alleviate the difficulties of isolating geographic origins. The 

work of Knudson and Price (2007) on Chiribaya origins in the Andes shows how even 

with the use of multiple isotopes and elements (87Sr/86Sr, 18O, Sr/Ca, Ba/Ca) in the two 

valleys under consideration, the Ilo and Moquegua, are too isotopically and elementally 

ambiguous to allow for sufficient distinctions of residency. Such results show that in 

cases where migration within a homogeneous region is taking place, isotopic methods 

may not be able to accurately identify movement.     
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2.4.2 Individual Approach 

Bioarchaeology has traditionally focused on analyses at the population level. Yet, there 

has been an increasing trend in bioarchaeology to look at the human experience on the 

smaller scale, placing individuals within the larger context of populations (e.g. Knudson 

and Stojanowski 2009; Knudson et al. 2012a). The use of such an individualized 

approach employing isotopes is embodied in the works of Müller et al. (2003) and 

Hoogewerff et al. (2001) on Ötzi, using 87Sr/86Sr, 18O, 13C and trace elements to 

provide an isotopic explication of the residence of Ötzi in the years leading up to his 

death. Similarly, Knudson et al. (2012a) examine the residential mobility of an Andean 

traveler buried in the Atacama of northern Chile using 87Sr/86Sr, 15N, 18O, 13C and 

trace elements. From their analyses Knudson et al. (2012a) show that this individual 

likely traveled significantly in his lifetime, possibly in relation to trade or group mobility. 

Such insights show the value of isotopic analyses to the investigation of individual life 

histories and how such an approach can contribute to larger bioarchaeological discussions 

(see Sofaer 2006; Knudson and Stojanowski 2009; Lorentz 2008; Perry 2012).  

2.4.3Other Bodily Materials: Hair 

Investigation of short term and multiple migrations lay at the heart of future 

developments of isotopic palaeomigraiton studies. Palaeomobility research traditionally 

relies on the identification of isotopic signatures that can provide insight to an 

individual’s residence during the formation of teeth (up to ~17 years) and bone (the last 

1020 years of life) (Larsen 1998; Katzenberg 2008). It is possible to look at migration 

between periods of dental formation, by comparing isotopic values in multiple teeth that 

form at different times (e.g. 1st vs. 2nd vs. 3rd molars), helping to contextualize during 

which age range an individual may have been mobile (Prowse et al. 2007; Stojanowski 

and Knudson 2014). However, both bone and tooth are limited by the fact that they 

provide an average of the values consumed during formation, thus minute time periods of 

mobility cannot be accurately gauged, rather broad age ranges must be used for 

addressing at which stage in life an individual may have been mobile.   
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To help provide finer detail to mobility events, when possible researchers turn to 

hair to look at potential instances of multiple mobility over shorter time spans, in the 

order of weeks up to years, based on the 0.35 mm/day or ~1 cm/month rate of growth for 

scalp hair (Saitoh et al. 1970; Williams et al. 2011). Hair, a continually regenerating 

material, goes through a cycle of growth and rest allowing for incorporation of variable 

isotopic signatures at different places along the hair (i.e. the isotopic signature at the root 

can preserve a different isotopic signature than at the midshaft or tip), allowing for finer 

resolution of palaeomobility, as hair can be segmented and instances of isotopic change 

observed on a month by month basis (O’Connell et al. 2001; Dawber and van Neste 2004; 

Bol et al. 2007; Williams et al. 2011; Vautour et al. 2015).  

Though often absent from bioarchaeological contexts, with good preservation (e.g. 

arid desert, bogs, mountain tops) hair may be preserved for a significant period of time 

(Wilson et al. 2007; D’Ortenzio et al. 2015). Using hair from individuals sacrificed in the 

Andes during the Incan Empire, Wilson et al. (2007) show that several of the victims 

sacrificed had changes in their 13C, D and 18O signatures ~4.5 months before their 

death, while D, 18O and 34S hair signatures suggest that individuals resided at different 

altitudes before death and that at ~6 months before death the 34S signatures of 

individuals begin to coincide, suggesting colocation of individuals at this time (Wilson et 

al. 2007). Such research, able to examine mobility on the scale of months, provides 

persuasive evidence for the continued development of isotopic research using hair for 

palaeomobility research. 

2.4.4Other Isotopes 

2.4.4.1Hydrogen 

In recent years several studies have utilized global variation in hydrogen isotopes (2H, 

also annotated as D), to trace mobility among modern populations, with the work of 

Ehleringer et al. (2008) examining modern human hair, and the work of O’Brien and 

Wooller (2007) looking at hair and urine. Though both of these studies provide a positive 

outlook for the continued use of hydrogen isotopes, particularly in forensic contexts, 
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hydrogen can be difficult to successfully employ given its relatively large exchangeable 

component (i.e. hydrogen bound with nitrogen and/or oxygen), with approximately 

9%16% of total hydrogen in keratin and ~22% in collagen being available for exchange 

at room temperature, resulting in rapid equilibration (Cormie and Schwarcz 1985; Cormie 

et al. 1994; Schwarcz and Schoeninger 1991; Bowen et al. 2009; Podlesak et al. 2008; 

Chesson et al. 2009; Topalov et al. 2012). Researchers thus must remain cautious to 

examine non-exchangeable hydrogen (i.e. hydrogen bound with carbon), as this aspect of 

hydrogen can remain non-exchangeable for potentially thousands of years (Schwarcz and 

Schoeninger 1991; Topalov et al. 2012).  

To date hydrogen has seen almost no examination from skeletal apatites for 

palaeomobility research, possibly due to yields of H2 too small to measure, and/or post-

depositional diagenesis, with equilibration to the surrounding matrix being rapid due to 

the exchangeable nature of hydrogen in skeletal apatites (Holobinko et al. 2011). In their 

proof-of-concept study using modern and archaeological dental enamel, Holobinko et al. 

(2011) demonstrate that D can be analyzed from enamel, but ultimately that the D 

signature of enamel is not viable as a method for gauging geographic provenance. Though 

hydrogen can be used to trace mobility (i.e. from hair) it does not necessarily contribute 

any significant mobility information that cannot also be inferred from oxygen analyses, 

given the common trajectory of D and 18O within the hydrological cycle (Dansgaard 

1964; Rozanski et al. 1993; Gat 1996; Jouzel et al. 1997; Bowen et al. 2005; Chesson et 

al. 2009; Bowen 2010; Terzer et al. 2013).     

2.4.4.2Sulphur  

Sulphur (34S) can be isolated from collagen and hair and has potential for tracing 

mobility, but has yet to be thoroughly developed (Richards et al. 2001, 2003; Valenzuela 

et al. 2011). Katzenberg and Krouse (1989) successfully use 34S from human hair to 

show the potential of this method for tracing mobility in forensic contexts. 

Bioarchaeologically, 34S has been examined from the hair of Egyptian and South 

American mummies by Macko et al. (1995) and Iversen et al. (1992), while Leach et al. 
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(1996) were the first to show the viability of using 34S from human bone collagen in 

their research on palaeodiet and mobility in the South Pacific. Though having potential 

for palaeomobility research, 34S can be problematic as very little sulphur is actually 

present in collagen (~0.16 wt%) and sulphur is subject to significant post-depositional 

degradation (Richards et al. 2001, 2003).   

Sulphur is introduced into the body through dietary consumption and can be used 

to trace mobility as there is little fractionation along ascending food chains, allowing for 

geographically specific isotopic values to be preserved based on regional geology and 

atmospheric sulphur values (Peterson and Fry 1987; Richards et al. 2001, 2003; Hedges et 

al. 2006; Nehlich et al. 2014). The 34S of marine water is relatively uniform at ~+20‰, 

although significant variation exists in freshwater values (i.e. variability from -22‰ to 

+22‰ has been documented), providing a degree of variability that can be used to help 

identify regional mobility (Soloman et al. 1971; Rees et al. 1978; Peterson and Fry 1987; 

Nehlich et al. 2014). Sea spray distribution of 34S values can be extensive, as illustrated 

by Zazzo et al. (2011) where sea spray 34S values were documented up to ~100 km 

inland in some cases, potentially artificially altering local biogenic 34S values (Wadleigh 

et al. 1994). Caution is also required when attempting to derive regional 34S baselines 

from modern fauna, as anthropogenic sources of sulphur (i.e. industrial pollution) can 

adversely alter local biogenic signatures (Wadleigh et al. 1996; Zhao et al. 1998; Richards 

et al. 2001). What these studies, among others, show is that 34S has the potential to 

contribute unique regional information, particularly for looking at inland vs. coastal 

differences. However, there are limitations to the method, which may necessitate analyses 

of other isotopes (i.e. 18O, 13C, 15N, 87Sr/86Sr) in tandem with 34S (Richards et al. 

2003).  

2.4.4.3Lead 

Lead is present in small quantities in most of earth’s rocks, soils, and waters with isotopic 

variability being dictated by underlying geology (Faure 1986; Montgomery et al. 2010). 

Isotopic analyses of lead employ three ratios in which the radiogenic 206Pb, 207Pb, and 
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208Pb are compared to the non-radiogenic 204Pb (i.e. 206Pb/204Pb, 207Pb/204Pb,208Pb/204Pb) 

to derive regional signatures (Gulson et al. 1997). Lead is introduced into the body 

through dietary consumption and inhalation allowing for regionally specific isotopic 

signatures to be preserved in apatite, where Pb may substitute for Ca (Faure 1986; 

Waldron 1983; Molleson et al. 1996; Gulson et al. 1997; Montgomery et al. 2010).  

In pre-industrial societies lead signatures in the body reflect local lead values 

based on dietary consumption, allowing for regionally specific signatures to be used for 

palaeomobility studies (Montgomery et al. 2000). With the rise of industrialization and 

associated increased anthropogenic exploitation of lead, lead values in the body may 

more readily reflect the type of lead being industrially exploited, as anthropogenic lead 

isotope signatures will swamp local geological values given the comparatively low 

natural quantities of lead in foods and soils (Molleson et al. 1986; Montgomery et al. 

2000). For this reason, Montgomery et al. (2005) note that following industrial 

exploitation of lead, lead isotope signatures may be more useful for tracing cultural 

affiliation based on the signatures of culturally exploited lead sources. Montgomery et al. 

(2010) make this argument in regard to migrants to Roman Britain. Given the large 

degree of lead exploitation at this time in southern Britain, individuals from this region 

exhibit an averaged lead isotope signature consistent with the isotopic signatures of 

industrially exploited lead (Montgomery et al. (2010). Based on this anthropogenic lead 

isotopic signature, individuals who migrated to Southern Britain during the Romano-

British era could be separated by Montgomery and colleagues (2010) from local 

individuals based on the presence of a lead signature different than the local 

anthropogenic signature. Even if individuals were migrating to Roman Britain from a 

different region where lead was exploited, so long as the two exploited lead sources were 

isotopically dissimilar individuals from these different regions can still be distinguished.    

This alternative approach to the use of lead isotope signatures also underlines one 

of the key difficulties in using lead isotopes. Because industrial exploitation of non-local 

lead sources (i.e. lead piping, use in cookware, lead acetate in wine) can provide 

deceptive local vs. non-local signatures it can be difficult to determine if the isotopic 
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signature being interpreted is regionally authentic or corrupted from anthropogenic 

sources of non-local lead in antiquity, necessitating significant confirmatory testing of 

regional sources (Montgomery 2002; Montgomery et al. 2010; Aufderheide 1989). 

Furthermore, post-depositional contamination from lead exposure in the burial 

environment can significantly alter biogenic lead values, particularly from surface 

contamination (Waldron 1981, 1983; Montgomery et al. 2010). In practical terms lead 

isotopes are also difficult to employ, as they are costly and difficult to accurately analyze, 

requiring comparison and interpretation of multiple lead isotope signatures (i.e. 

206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb). Yet despite these difficulties when treated 

cautiously and undertaken with significant validation of signature authenticity, lead 

isotopes can provide a valuable avenue of inquiry, as the recent increase in lead isotope 

palaeomobility studies attests (i.e. Sakamoto 2000; Montgomery 2002; Montgomery et al. 

2000, 2005, 2010).   

2.4.4.4Neodymium 

There is the potential that neodymium (143Nd/144Nd), which varies with regional geology 

like 87Sr/86Sr, may be viable as an isotopic means for assessing mobility (Pye 2004). To 

date the work of Schwarcz and Walker (2005) remains the only attempt to utilize Nd for 

palaeomobility research. The results of this study, on the original settlers of Iceland, 

suggest promising potential for the use of 143Nd/144Nd. A major limitation to the use of 

Nd however, is the fact that Nd occurs in very minute amounts (e.g. parts per 104) and is 

not readily consumed in human dietary foodwebs (Shaw and Wasserburg 1985; Staudigel 

et al. 1985/86; Dickin 2005). Nd in marine water is ~1 million times lower than in rock, 

placing the average concentration of Nd in marine water at ~3 parts per trillion, thus, 

unlike the case of Sr, marine effects would not play a factor (Goldberg et al. 1963; 

Piepgras et al. 1979; Dicken 2005).   

2.5Conclusions 

The isotopic study of palaeomobility has seen significant advancement in the last twenty 

years and continues to grow exponentially. The steady increase in such studies shows a 
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growing acceptance and confidence in the validity and applicability of isotopic 

approaches to global palaeomobility, at least among bioarchaeologists. The potential 

development of further isotopic approaches to mobility (e.g. D, 34S, 206Pb/204Pb, 

207Pb/204Pb, 208Pb/204Pb, 143Nd/144Nd) suggests a healthy research future for isotopic 

palaeomobility studies. The future of palaeomobility studies lies in collaboration with 

other fields, as Bentley (2006) keenly points out, the use of migration isotopy need not be 

the only means and ends to questions of past migration. Rather, isotopic approaches to 

palaeomobility should continue to act as building blocks which are assembled along with 

other lines of evidence, such as non-metric traits (discussed in the following chapter), to 

provide for increasingly robust assessments of past cultural mobility and interactions. 
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Chapter 3Nonmetric Traits 

3.1Introduction 

Nonmetric traits are heritable discrete skeletal traits of anomalous development (e.g., 

septal aperture) that have a rich history of investigation in anthropology, allowing 

researchers to assess degrees of similarity (biodistance) between various groups based on 

shared traits. Nonmetric traits have been shown to be heritable (e.g. Grüneberg 1952, 

1963, 1965; Chevrud and Buikstra 1981a,b) allowing for reasonable assessments of 

relatedness, though there remain debates over the degree of heritability, how to record 

traits, and the implications of nonmetric traits for assessing group similarity (See 

Saunders 1989; Saunders and Rainey 2008). This chapter examines the history of 

nonmetric trait research in anthropology before engaging with a number of debates 

regarding how nonmetric traits can be recorded, the nature of heritability, and the 

methods by which nonmetric traits can be used to calculate biodistance.  

3.2Human Developmental Variability and Nonmetric Traits 

Biologically, there is a gamut of developmental variability that can be categorized. On 

one hand there are major anomalies (e.g. anencephaly), which are life threatening, while 

other developmental anomalies can range from severe to minor and, though physically 

evident, are not typically life threatening (e.g. phocomelia) (Brothwell and Powers 1968; 

Warkany 1971; Nishimura and Okamoto 1976; Spranger et al. 1982; Turkel 1989; 

Spranger 2002; Stevenson and Hall 2006; Keenleyside 2011). Lastly, there are minor 

traits of anomalous development that typically go unnoticed in the living individual, 

having little to no deleterious effects, and are often only observed serendipitously (See 

Tyrrell 2000; Saunders and Rainey 2008). It is to this category that nonmetric traits 

belong. Many nonmetric skeletal traits are influenced by and develop in relation to 

overlying soft tissue (Saunders and Rainey 2008). In this way, many traits reflect an 

intimate connection with the overall development of an individual.  

Though these three broad categories of developmental anomalies result in 

drastically different physical manifestations, the underlying development relies on the 
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similar premise of thresholds and environment. All of the anomaly types mentioned 

above may manifest due to similar genetic, epigenetic (Epstein et al. 2004), teratological 

and/or environmental factors (Warkany 1971; Cohen 1982; Capasso et al. 1999; Burnett 

2005), providing a basis for understanding development of these traits as forming a 

continuum rather than falling into discrete categories (Turkel 1989). Developmental 

thresholds, being the main concept used to discuss nonmetric trait formation, will be 

addressed below.  

Gathering nonmetric trait data for assessing group affinity is comparatively simple 

and less subject to intra- and inter- observer error compared to other methods such as 

metric means of analysis (Berry 1968; Molto 1979). Nonmetric traits can also be 

observed on fragmentary bones making them more versatile than what is required for 

standard metric measures (Buikstra and Ubelaker 1994; Tyrrell 2000; Pennefather-

O’Brien 2006). In terms of cost, other than being time-consuming to record, nonmetric 

traits pose no significant financial cost to the investigator and there is no need to damage 

the skeletal material, as is required for aDNA studies (Tyrrell 2000; Judd 2009). Given 

these factors there is a bright future for the continued use of nonmetric traits in 

anthropology (Ossenberg 1992; Tyrrell 2000; Stojanowski and Schillaci 2006). 

3.3Classifying Nonmetric Traits 

3.3.1Nonmetric Trait Terminology 

The nature of nonmetric traits, and the debate surrounding their description, is evident in 

the multiplicity of terms used to identify these skeletal anomalies. The term nonmetric 

traits has become the most commonly used term, though this does not preclude the use of 

a variety of other designations for such traits. The various designations used can largely 

be understood in terms of what is trying to be conveyed. 

 Grüneberg (1952) was the first to propose a mechanism-based term for such traits, 

using the term quasi-continuous to indicate that though these traits are not continuous in 

the same sense as metric traits, their distribution can generally be understood as following 

a continuous distribution of underlying liability that at a certain undefined point reaches a 
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threshold and manifests phenotypically (Figure 3.1) (Cheverud et al. 1979; Eckhardt 

1989). The concept of quasi-continuity is also apparent in the use of the terms semi-

continuous (Reich et al. 1972) and quasidiscontinuous (Korey 1970; Thoma 1981). 

 
Figure 3.1. Single threshold model showing the distribution of liability towards the point 

of phenotypic manifestation at the threshold (reproduced with permission 

after Hauser G, De Stefano GF. 1989. Epigenetic Variants of the Human 

Skull. E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart 

www.schweizerbart.de, p. 5, figure 1a).  

 

Moving even further from the potential quasi-continuous mechanism of trait 

manifestation, several researchers choose to identify such traits as discontinuous, on the 

basis of the dichotomous manifestation of traits in the skeleton (i.e. they are either present 

or they are absent) (Brothwell 1959; Ossenberg 1969). The concept of dichotomy is the 

integral feature of most trait terms with the use of terms such as: discrete variations 

(Anderson 1968), binary traits (Corruccini 1974a), all-or-none attributes (Saunders 1989), 

discreta (Cesnys and Pavilonius 1982; Rösing 1982; Hermann et al. 1990), and 

dichotomous traits (Saunders and Rainey 2008).  

Others researchers stress the contrast with metric traits (i.e. that nonmetric traits 

are either present or absent and are not linearly measured) through the use of terms such 

as nonmetrical traits (Brothwell 1959; Berry 1968; Prowse and Lovell 1996), nonmetric 

variants (Cheverud et al. 1979), and nonmetric traits (Sjøvold 1984). Various researchers 

have also chosen to adopt terms that stress the anomalous or variant nature of traits such 

as: anomalies (Le Double 1903; Anderson 1968), intrinsically innocuous minor skeletal 

http://www.schweizerbart.de/
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variants (Hauser and De Stefano 1989), anatomical variants (Reinhard and Rösing 1985; 

Rösing 1986b; Hermann et al. 1990), minor anomalies (Hoyme 1994), informative 

morphogenetic variants (Méhes 1988; Pinsky 1985), microsigns (Aase 1981), mild errors 

of morphogenesis (Méhes 2000), and dysmorphology (Hallgrimsson et al. 2005), thus 

indicating that what is being observed are quantifiable variations from the expected 

skeletal norm.  

Several terms in use are intended to describe the mechanism responsible for trait 

manifestation including threshold dichotomies (Wright 1968), threshold traits (Roff 1996, 

1998), and threshold characteristics (Grüneberg 1963; Sjøvold 1977; Ossenberg 1981; 

Molto 1983). The term epigenetic is also used to suggest the manifestation of traits due to 

a combination of genetic and environmental factors in the form of epigenetic 

polymorphisms (Waddington 1956; Berry 1963), epigenetic variants (Berry and Berry 

1967) and epigenetic traits (Hauser and De Stefano 1989). Such traits have also rarely 

been identified as atavisms (Ossenberg 1969; Saunders and Rainey 2008), suggesting 

their occurrence is linked with retention of trait features from common past ancestors.  

 The use of such a multiplicity of terms for the traits under examination suggests a 

common understanding of trait development, but also indicates multiple views by 

researchers on how traits should be classified (Saunders and Rainey 2008). Further 

compounding this difficulty is the fact that many researchers use the above-listed trait 

terms interchangeably, creating confusing interpretive situations. For instance, in the 

work of Brothwell (1959) the early part of the paper discusses the potential uses of 

discontinuous traits before moving on shortly after to the discussion of non-metrical 

traits, ostensibly referring to one and the same thing. Further confusion arises in the 

forward to the work of Capasso et al. (1999), wherein De Stefano and Hauser identify 

occupational musculoskeletal markers (MSM’s) as part of the nonmetric trait pantheon. 

Though MSM’s are similar in the sense of being either present or absent on bone, their 

etiology and formation process is largely driven by mechanical factors, not developmental 

variation. In an attempt to further qualify trait nomenclature Eckhardt (1989) categorizes 

quasi-continuous traits in the typical sense of Grüneberg (1952) to denote minor skeletal 
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anomalies of little consequence, while discontinuous traits and skeletal anomalies are 

identified with more serious developmental anomalies such as spina bifida and Marfan 

syndrome, a rather atypical division of these typically synonymous terms. 

Confusion over trait names and how traits should be defined has resulted in a 

multiplicity of widely ranging definitions (Saunders 1978; Hauser and De Stefano 1989). 

Several authors propose uniform definitions and systems of standardized nomenclature, 

yet little true agreement has been reached (Tyrrell 2000; Barnes 2008). Correnti et al. 

(1979) suggest that a Latin set of trait names be adopted and added to, so as to provide 

greater correspondence with overall scientific naming protocols, while Cesnys and 

Pavilonis (1982) propose an anatomo-topographical principle that would characterize 

traits in terms of morphological peculiarity (e.g. canalis hypoglossalis septus) (see also 

Hauser and De Stefano 1989; Barnes 1994, 2008; Cesnys and Tutkuviene 2007). 

Anderson (1987) calls for trait classification on etiological grounds, a proposal that is 

well meaning but difficult to fulfill given the lack of true etiological knowledge of trait 

development. As a result of these discrepancies in how traits should be named and 

categorized, the same trait is identified by different names in various works on nonmetric 

traits (e.g. when speaking of a sutural bone at lambda, Buikstra and Ubelaker (1994:89) 

call this trait an “apical bone” while the same trait in Hauser and De Stefano (1989:26) is 

referred to as an “ossicle at lambda”). 

 Despite the wide range of names, what all of these various terms are trying to 

encapsulate is that nonmetric traits are discrete, being present or absent, and variable. 

These terms also indicate that trait formation is based on the premise of a threshold, in 

which once development passes a certain undefined threshold point a trait will manifest to 

some degree. These terms also make clear that nonmetric trait formation occurs as a result 

of both genetic and environmental factors, allowing for nonmetric traits to be used to 

trace group affinities in antiquity.  

3.3.2Categories of Trait Development 

A multitude of trait classifications have been proposed, however the majority of traits can 

be classified into four broad categories. The four categories are: (1) hyperostotic traits 
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associated with excess bone growth (e.g. atlas bridging); (2) hypostotic traits associated 

with incomplete formation of bone or retention of embryonic forms (e.g. Inca bone); (3) 

sutural patterns/sutural bones that form in the sutures of the skull (e.g. sagittal ossicle); 

and (4) foramen variation is an abnormal quantity or morphology of foramina (e.g. double 

infraorbital foramen) (Ossenberg 1969; Hauser and De Stefano 1989; Larsen 1997; 

Schwartz 2007; Saunders and Rainey 2008).  

3.4Conceptualizing Nonmetric Traits, Liability, and Threshold Factors 

Nonmetric trait studies are based upon the concepts of liability and threshold factors. 

These concepts are most prominently associated with the work of Grüneberg (1952, 

1963) and Falconer (1965) and are the basis of modern nonmetric trait studies.  

3.4.1Liability 

Liability refers to the propensity of individuals to exhibit traits as a result of their 

combined genetic and environmental predispositions (Falconer 1965; Tyrrell 2000). 

Falconer (1965) suggests a normal distribution of liability for populations, where the 

more predisposed an individual is to exhibiting a trait the further along the liability curve 

toward the threshold point of phenotypic manifestation that individual will be situated 

(Figure 3.1) (Fraser 1998; Tyrrell 2000). Liability cannot be measured directly and is thus 

an approximation of the propensity for the manifestation of any given trait within a 

breeding population (Fraser 1998). Inability to measure liability can be problematic in 

bioarchaeological samples as a number of individuals may be at increased likelihood of 

manifesting a trait, but of this group of individuals only a handful may phenotypically 

manifest the trait (Reich et al. 1972; Hauser and De Stefano 1989; Fraser 1998). This is 

further complicated by the fact that many nonmetric traits may be polygenic, being 

regulated by several genes, and potentially pleiotropic, which is the production of 

apparently unrelated effects by the same gene (Morton 1971; Hauser and De Stefano 

1989). To deal with these problems trait correlations are calculated and highly correlated 

traits are removed from further analyses (see below). 
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3.4.2Thresholds 

In nonmetric trait studies the threshold refers to the point at which a trait becomes 

phenotypically visible (Falconer 1965; Hauser and De Stefano 1989). The threshold point 

is believed to be influenced by epigenetic factors and as such can vary within and 

between populations (Fraser 1976; Hallgrimsson et al. 2005; Barnes 2008). Various 

threshold models have been developed to account for this point of phenotypic 

manifestation, yet no one model is preferred by all researchers.  

3.4.2.1Single Threshold Model 

Most nonmetric trait studies use a single threshold model, where a trait is discussed in 

terms of an absent/present dichotomy (Figure 3.1) (e.g., Falconer 1965; Cesnys 1982; 

Saunders and Rainey 2008; Ricaut et al. 2010). This method has been shown to provide 

viable data for assessing biodistance among past populations as well as serving as a 

genetic indicator, as the threshold point is believed to be more readily affected by genetic 

than environmental input (Carson 2006; Ricaut et al. 2010). 

3.4.2.2Double Threshold Model 

The double threshold model suggests that an individual may be subject to a double 

threshold effect where the first threshold allows for manifestation of a trait on one side of 

the body (e.g. a septal aperture of the humerus in one arm), while crossing the second 

threshold point would result in bilateral phenotypic manifestation of a trait (e.g. a septal 

aperture in both humeri) (Figure 3.2). The double threshold concept has been used by 

various researchers (e.g. Hertzog 1968; Zegura 1975; Green 1979), with the work of 

Ossenberg (1981) most commonly being associated with this approach. Saunders (1989), 

in light of the work of Winder (1981), Korey (1970, 1980) and Saunders (1978), suggests 

that unilateral trait manifestation represents a transitional phase towards the point of 

bilateral expression, which increases with developmental age. However, McGrath et al. 

(1984) claim that this model is internally inconsistent as it suggests a side preference in 

trait development that is not apparent from other study results and conflicts with current 

understandings of nonmetric trait development (Polak 2003; Hallgrimsson et al. 2005). 
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Given the inability to provide a basis for showing how side preference development of 

traits in relation to thresholds occurs and the fact that biodistance studies rely on 

dichotomized data (i.e. present or absent) there is little need or benefit to a double 

threshold model, and as such the double threshold model is no longer commonly 

employed.  

                   

Figure 3.2. Double threshold model, showing the variable position of the unilateral and 

bilateral threshold points between three different groups (reproduced with 

permission after Hauser G, De Stefano GF. 1989. Epigenetic Variants of the 

Human Skull. E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart 

www.schweizerbart.de, p. 6, figure 1c).  

3.4.2.3Multiple Threshold Model  

In what appears to be an attempt to follow more closely the original proposal of 

nonmetric traits as quasi-continuous by Grüneberg (1952, 1963), there have been attempts 

to employ a multi-threshold model. Such a model suggests that rather than viewing traits 

as dichotomous they may be more readily understood on a scale of quasi-continuity, 

http://www.schweizerbart.de/
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where with each threshold crossed a trait becomes increasingly stronger in manifestation 

yet remains discontinuous in terms of measurability (Figure 3.3) (Reich et al. 1972; Scott 

1973, 1980; Hauser and De Stefano 1989; Turner et al. 1991; Kuba 2006). There is little 

evidence to support this model and even less clarity as to how to employ this model. As a 

result, the multi-threshold model has largely fallen out of use in anthropological research. 

 

Figure 3.3 Multiple threshold model showing the various degrees of phenotypic trait 

manifestation beyond successive threshold points in three different groups 

(reproduced with permission after Hauser G, De Stefano GF. 1989. 

Epigenetic Variants of the Human Skull. E. Schweizerbart’sche 

Verlagsbuchhandlung, Stuttgart www.schweizerbart.de, p. 7, figure 2a).  

http://www.schweizerbart.de/
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3.5A Brief History of Nonmetric Trait Analysis 

3.5.1Early Studies of Nonmetric Traits 

Early accounts of nonmetric traits date back to the era of Hippocrates (ca. 460370 BCE), 

who detailed the presence of sutural bones (Le Double 1903; Eckhardt 1989). Beyond 

Hippocrates little is known of this type of observation until the era of Kercking (1670) 

who is commonly cited as the earliest of the modern anatomists to study nonmetric traits. 

Early anatomical and anthropological investigations of nonmetric traits were largely 

descriptive and often sought to fit anomalous or “atavistic” traits into biological theories 

of the day, such as race, acquired traits, universal morphological theory, which sought to 

show a united morphological plan within few set archetypes of human development, and 

recapitulation theory, which focusses on embryonic development claiming that humans 

pass through developmental stages of earlier ancestors during developmental progression 

towards adulthood, a contention most famously immortalized by Ernst Haeckel in the 

phrase “ontogeny recapitulates phylogeny” (see also Blumenbach 1776; Morton 1839; 

Henle 1855; Hyrtl 1859; Allen 1867; Anoutchine 1878; Haeckel 1879; Krause 1880; 

Bertelli 1892; Scott 1893; Steida 1894; Testut 1889; Dorsey 1897; Dixon 1900; Le 

Double 1903, 1906, 1912; Duckworth 1904; Quain 1908; Schultz 1919; Sullivan 1922; 

Oetteking 1930; Wood-Jones 1931a,b,c, 1934; Stallworthy 1932; Akabori 1933, 1934; 

Adams 1934; Keyes 1935; Mayr 1982; Gould 1977; Landman 1991; Balter 2000; Larsen 

2006). 

With the general demise of race and recapitulation theory, nonmetric trait 

investigations shifted away from looking at racial categorizations and transitioned, within 

anthropology, to focus on using these traits to look at group affinities and regional 

population differences (e.g. Hrdlicka 1916, 1920, 1932; Hooton 1930, Woo 1930; Snow 

1948). Such studies demonstrate how the integration of nonmetric traits into 

anthropological models can have a beneficial impact on the robustness of past population 

affinity assessments.  

 It is the work of Grüneberg (1952) that truly establishes the validity of using 

nonmetric traits for studying population variation. Grüneberg (1952), through a series of 
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studies on the dental development of mice, was able to show that the distribution of 

nonmetric traits follow a quasi-continuous distribution, where traits exhibit a continuous 

distribution liability made discontinuous by a threshold point, after which traits would 

phenotypically manifest to varying degrees of expression. Grüneberg (1952) posited that 

though traits are heritable, they do not follow a pattern of Mendelian inheritance, but 

rather result from the additive affects of many genes (i.e. polygenic) and environmental 

factors, contributing to the overall manifestation of a trait. Grüneberg (1952, 1963, 1965) 

illustrates this principle best through his research on third molar agenesis in mice, where 

he shows that the size of the tooth germ ultimately influences the chance of third molar 

manifestation, where a certain size has to be attained for the trait to manifest, this size 

being a threshold point. In mice with a tooth germ size below this threshold third molar 

agenesis occurs. Third molar agenesis is particularly common in large litters, where 

increasing numbers of mice have to vie for womb space and are on average smaller, thus 

inhibiting the development of the third molar.  

Drawing upon the “New Anthropology” put forth by Washburn (1951,1953) and 

in light of Grüneberg’s (1952) suggestion that nonmetric traits exhibit heritability, 

researchers started to apply the concepts of nonmetric trait inheritance to anthropological 

questions (Saunders and Rainey 2008; Stini 2010). The first anthropological study of this 

era to show the merits of nonmetric traits for differentiating between populations was that 

of Laughlin and Jørgensen (1956). Laughlin and Jørgensen (1956) analyzed the 

occurrence of cranial nonmetric traits in Greenlandic populations and showed that the use 

of nonmetric trait patterns confirmed previous hypotheses about different group migration 

routes around the island. Following the study of Laughlin and Jørgensen (1956), 

Brothwell (1959) examined global patterns of cranial nonmetric trait distribution, 

showing significant regional variability. These two early studies, providing evidence of 

regional and global nonmetric trait variability, reaffirmed the validity of using nonmetric 

traits to examine group variability thus providing the impetus for future nonmetric trait 

research.   
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3.5.2Nonmetric Trait Studies of the 1960s 

Following the work of Laughlin and Jørgensen (1956) and Brothwell (1959), nonmetric 

trait studies began to increase steadily with the introduction of Grüneberg’s The 

Pathology of Development in 1963 and Falconer’s (1965) seminal work on how disease 

manifests beyond a threshold due to an underlying liability. The concepts put forth by 

Grüneberg (1963) and Falconer (1965) propose a conceptualization of disease and 

development in which the manifestation of a pathology or an anomalous physical trait is 

mediated by a number of additive effects on a pre-determined genetic liability to 

phenotypically manifest a given trait (Jernvall and Jung 2000). On this premise one can 

conceptualize all of humanity as lying along a distribution curve for a given trait, and for 

those who fall beyond a certain threshold point on the curve that trait will manifest. This 

concept was investigated intensively in the 1960s by studies seeking to identify the 

mechanisms of inheritance and manifestation of nonmetric traits, typically through animal 

proxy studies (e.g. Truslove 1961; Grewal 1962a,b; Berry 1963; Berry and Searle 1963; 

Grüneberg 1965; Berry and Berry 1967; Berry 1968; Rees 1969a,b). Studies of this era 

sought to understand how traits manifest and how they could be classified so as to yield 

meaningful interpretations for studies of past populations (e.g. Howe and Parsons 1967; 

Yamaguchi 1967; Anderson 1968; De Villiers 1968; Hertzog 1968; Ossenberg 1969). It is 

during this period that attempts at developing standardized trait lists and trait categories, 

as discussed earlier in this chapter, began (e.g. Berry and Berry 1967; Yamaguchi 1967; 

Ossenberg 1969), as well as an initial proposition to use nonmetric traits to reconstruct 

familial relations (e.g. Ulrich 1969). 

The 1960s also saw the development of significant cranial nonmetric trait research 

using the concept of epigenetics. The concept of epigenetics was first introduced in the 

work of Waddington (1956) as an explanation for developmental variability impacted by 

both genetic and environmental factors. At its rudimentary level the concept of 

epigenetics proposes that traits are not always formed solely due to heritable factors but 

rather in many cases represent a melding of both heritability and environmental factors, 

providing an explanation for variability of trait manifestation as well as variation in trait 

penetrance over time. In terms of nonmetric trait research, epigenetics was further 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 54 

developed by Berry and Searle (1963), and Berry (1963) using the threshold and liability 

principles of trait manifestation as proposed by Grüneberg (1963) and Falconer (1965), 

opening an avenue of research that remains the key method for present day nonmetric 

trait research. Grewal (1962b) was the first to propose applying significant statistical 

testing to nonmetric trait research to develop a repeatable approach for assessing group 

variability by comparing trait frequencies between populations. This result, as presented 

by Grewal (1962b) was achieved through the development of what is known as the Mean 

Measure of Divergence (MMD) by the statistician C.A.B. Smith (See below) (Nikita 

2015). 

 3.5.3Nonmetric Trait Studies of the 1970s 

The 1970s saw increasing adoption of statistical methods for examining the level of 

divergence and differentiation between populations based on nonmetric traits. Methods 

suggested in the 1960s by Grewal (1962a,b), Berry and Berry (1967), and Berry (1968) 

saw increasing use. By the late 1970s an entire revolution of statistical means of 

differentiation had taken place particularly in the implementation and modification of the 

MMD for calculating the degree of relatedness of skeletal samples based on nonmetric 

trait similarity, a concept known as biodistance (Cybulski 1972; Birkby 1973; Sjøvold 

1975, 1977; Green and Suchey 1976, 1979).  

 It was also during the 1970s that many questions began to appear over effects on 

nonmetric trait expression due to age (Korey 1970; Buikstra 1972; Corruccini 1974a; Self 

and Leamy 1978; Saunders and Popovich 1978; Saunders 1978), sex (Berry 1975; 

Ossenberg 1976; Muller 1977; Sjøvold 1977; Saunders 1978; Benassi-Graffi et al. 

1979a,b; Cosseddu et al. 1979), cranial deformation, both pathological (e.g. cranial 

synostoses) and intentional (Ossenberg 1970; Cybulski 1972; El-Najjar and Dawson 

1977), and inter-trait correlation (Kellock and Parsons 1970; McWilliams 1974; Suchey 

1975; Sjøvold 1977). In light of, or possibly in spite of, the difficulties noted in this era, 

studies of nonmetric traits began to diversify, seeking to move beyond cranial nonmetrics 

and into infracranial and dental nonmetrics in the hopes of developing more robust 
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approaches to biodistance (Scott 1973; Finnegan 1974, 1978; Saunders 1978; Penteado et 

al. 1986; Saunders and Rainey 2008).  

3.5.4Nonmetric Trait Studies of the 1980s and 1990s 

Many of the same issues, which had been challenges during the 1970s, continued to 

appear in the 1980s and 1990s (Buikstra et al. 1990). One of the key contested issues that 

emerged in the 1980s was over the recording of traits. Before 1980 most studies relied on 

a self-defined system of trait recording, resulting in a lack of uniformity, and often 

making comparisons between studies difficult. With the publication of Ossenberg (1981), 

calling for recording of traits on the basis of bilateral expression, came the need to 

examine the meaning of recording systems and how they affect statistical calculations of 

biodistance (McGrath et al. 1984; Hauser and De Stefano 1989; Saunders 1989).  

Developing upon the work of Ullrich (1969, 1972) and Pietrusewsky and Douglas 

(1992), Rösing (1986a,b) put forth the concept that if traits are sufficiently unique they 

may be used to reconstruct familial lines, a suggestion that would come to play a key role 

in later studies (e.g. Kuba 2006; Reed 2006). The 1980s and 1990s also saw continued 

development of infracranial and dental trait studies (e.g. Gunness-Hey 1980; Scott 1980; 

Winder 1981; Scott et al. 1983; Nichol and Turner 1986; Penteado et al. 1986; Anderson 

1987; Scott and Turner 1997; Wood 1997; Prowse and Lovell 1996), and animal (Rhesus 

macaques) proxy studies (Cheverud and Buikstra 1981a,b, 1982; Richtsmeier et al. 1984). 

The 1980s–1990s were a time of seeking definition and uniformity of trait studies, 

harkening back to earlier approaches of trait standardization (e.g. Berry and Berry 1967; 

Yamaguchi 1967; Ossenberg 1969). Publications such as Hauser and De Stefano (1989), 

and Barnes (1994) provided atlases of various traits in an attempt to impel unification in 

how researchers classify, define and understand traits. In many ways, this was effective, 

as the majority of current studies rely predominantly on Hauser and De Stefano (1989) for 

cranial nonmetric traits, and the Arizona State University Dental Anthropology System 

(ASUDAS) of Turner et al. (1991) and Scott and Turner (1997) for dental nonmetric trait 

recording. Infracranial trait scoring remains more nebulous as there is presently no 

standard reference volume used for their recording. 
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3.5.5Trends in Nonmetric Trait Studies in the new Millennium 

With the new millennium a growing reemergence of nonmetric trait studies and interest in 

how nonmetric traits could be used once again took place (Brothwell 2000). Several 

studies sought to re-address the use of nonmetric traits for examining familial 

relationships, for example, Kuba (2006) employed dental and infracranial traits, while 

Reed (2006) attempted a cladistic analysis, and Case (2003) looked at hand and foot bone 

anomalies.  

With increasing opportunities for conducting aDNA research, a number of studies 

have sought to examine the correlation between genetic and nonmetric trait data for 

examining biodistance (Corruccini et al. 2002). Ricaut et al. (2010) compared short-

tandem repeats (STR), previously published by Keyser-Tracqui et al. (2003), from the 

Egyin Gol Necropolis, Mongolia, to cranial, infracranial, and dental nonmetric traits from 

the same site to examine correlations between the two methods for distinguishing family 

groups. Nonmetric traits were identified as being 50% as accurate as genetic tests for 

familial identification. Despite such low results the authors argued that genetic and 

nonmetric trait data were correlated when looking at the group level, but become more 

inefficient than aDNA when attempting to reconstruct familial relations (Ricaut et al. 

2010), providing support for the continued use of nonmetric traits in biodistance studies at 

the group level, particularly when aDNA samples are unavailable (Veleminsky and 

Dobisikova 2005). 

This conclusion was further re-enforced by the work of Hubbard et al. (2015) on 

living Kenyan populations of known ancestry using nuclear DNA and dental nonmetric 

traits to examine potential correlations and disparities in biodistance calculations. 

Hubbard et al. (2015) found that genetic and dental nonmetric trait data were highly 

correlated for distinguishing between regionally and ethnically distinct groups, but dental 

nonmetric traits were less correlated when the study looked at detailed relationships (i.e. 

intra-group variability), further showing that nonmetric traits are most useful for 

biodistance investigations at the group level.   

Nonmetric trait studies in recent years have also been employed to investigate 

potential trade routes and migratory trajectories across long periods of time and 
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significant distances, with the work of Ragsdale and Edgar (2014) looking at migration 

between Postclassic Mexican populations and the Southwestern United States, while 

McIlvaine et al. (2014) examined long term migration and interaction between Corinth in 

Greece and the colony of Apollonia in Albania. Nikita et al. (2012) investigated 

populations in the Sahara to determine the potential of group interaction and gene flow in 

relation to the Sahara as a possible geographic barrier during the Late Holocene. Nikita 

and colleagues (2012) were able to show that the Garamantes of the central Sahara exhibit 

significant isolation, suggesting a more insular as well as geographically isolated 

community, while the remaining populations grouped into two groups; those along the 

Nile and those proximate to the Mediterranean along the coastal regions of present day 

Algeria, Tunisia, and Egypt. From these results Nikita et al. (2012) interpret the Sahara as 

a significant barrier to group interaction and gene flow over the last ~4000 years of 

occupation.   

Using dental nonmetric traits, Irish et al. (2014) examined group continuity among 

the Khoesan of South Africa. Bioarchaeological research suggests that there has been 

biological continuity among Khoesan groups since the period following the Pleistocene, 

which is supported by the findings of Irish et al. (2014), which showed that dental 

samples older than 2000 BP years do not vary significantly from more recent samples, 

suggesting a lack of gene flow. Similarly, Matsumura and Oxenham (2014) used dental 

nonmetric traits to examine the peopling and population history of East and Southeast 

Asia, using skeletal samples from the late Pleistocene up to the modern era. Based on 

their nonmetric trait findings the authors noted a general clinal center-to-periphery 

dispersal of groups over time, with two general groups, an early Southeast Asian group 

with similarities to Australian and Melanesian groups and a second distinct Northeast 

group, with dispersal over time possibly related to the spread of agriculture (Matsumura 

and Oxenham 2014).  

A final area of study that has recently received increased attention is discussion of 

methods of calculating biodistance. Studies have been undertaken on the mean measure 

of divergence (MMD) and pseudo-D2 of Mahalanobis (Irish 2010; Nikita 2015), as well 
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as novel approaches to calculating MMD using R-script (Soltysiak 2011). What these 

studies show more than anything is that both MMD and D2 remain robust measures that 

can be successfully used for quantifying biodistance. 

3.5.6Italian Peninsula Studies  

In terms of research conducted on Italian populations there have been comparatively few 

investigations, with research mainly focusing on the Iron Age and Etruscan epochs and to 

a lesser extent consideration of Roman era expansion (e.g. Coppa et al. 1998; Rubini 

1996; Rubini et al. 1997, 2007). What these studies as a group suggest is that historically 

the Apennine mountains were a significant barrier to East-West gene flow on the Italian 

peninsula. Over time, particularly beginning in the Roman period with greater 

development of roadways, sea based navigation, and imperial expansion, the Apennines 

became less of a barrier allowing for greater interaction among regional groups. 

Gejvall and Henschen (1968) presented an account of two late Roman skeletons 

from Corinth they believe to be related based on the presence of similar skeletal 

malformations in both individuals. However, the authors provide little in terms of 

calculated biodistance. The research of Iorio et al. (2012) attempted to link epigraphic 

accounts of related individuals to the skeletal remains of individuals at the Imperial 

Roman mausolea of Collatina and Casal Bertone (ca. 1st-3rd c. CE). Iorio et al. (2012) 

found that though cranial nonmetric traits were useful for identifying clusters of 

individuals, their resolving power decreased when attempting to look at sub-group level 

relations.   

Killgrove (2010a) also examined the use of nonmetric traits to calculate 

biodistance for identifying potential migrants to the Imperial Roman sites of Casal 

Bertone and Castellaccio Europarco in Rome. Killgrove (2010a) ultimately concluded 

that though nonmetric traits are useful for looking at group differentiation, isotopic 

methods remain the superior method for isolating instances of migration.  
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3.6Issues of Sample Validity 

For every nonmetric trait study issues of correlated effects due to age, sex, asymmetry, 

pathology, and inter-trait correlation must be assessed independently for each sample to 

ensure that all biasing factors are removed before sampling and calculating biodistance. 

This process is referred to as trait editing and can be completed through the use of 

statistical analyses (Corruccini 1974a; Buikstra 1980; Brothwell 1981; Brasili et al. 1999; 

Tyrrell 2000).  

3.6.1Age and Nonmetric Traits 

Age as an influencing factor on the presence or absence and level of development of 

nonmetric traits has long been contested (Saunders and Rainey 2008). Several 

researchers, subscribing to the belief in double and multiple threshold models, suggest 

that age may be a biasing factor given the potential for further development of traits 

during the growth phase (e.g. Akabori 1933; Ossenberg 1969; Korey 1970; Buikstra 

1972a,b; Birkby 1973; Corruccini 1974b; Ardito 1975; Carpenter 1976; Self and Leamy 

1978; Sawyer et al. 1978; Saunders 1978; Scarsini et al. 1980; Winder 1981; Cesnys 

1982). Others contend, however, that nonmetric traits are relatively independent of age 

effects (e.g. Perizonius 1979; Rösing 1982; Axelsson and Hedegaard 1985). Potential age 

effects can vary for each trait. To counter any potential age related issues, it is a common 

practice to avoid older and immature skeletal remains in nonmetric trait studies.  

Immature remains are avoided due to the developing nature of the skeleton and 

the potential for liminal expressions of nonmetric traits, and on the basis that even though 

a trait does not manifest until maturity it can still be under genetic control (Rösing 1982; 

Saunders and Rainey 2008). As a general trend, hypostotic traits can diminish with age 

due to remodeling (Ossenberg 1969; Saunders 1978; Dodo 1986, 1980; Saunders 1989; 

Tocheri 2003). As such older individuals are avoided, with Tritsaroli (2011) arguing that 

individuals as young as 40 should be excluded, though this age of exclusion remains 

questionable, with most researchers choosing to exclude individuals who show signs of 

suture obliteration or similar evidence of age-related remodeling (e.g. Brasili-Gualandi 

and Gualdi-Russo 1989; Brasili et al. 1999; Cesnys 1982).  
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Though immature remains have traditionally been avoided, more recent research 

has successfully shown that a number of cranial and dental traits can be accurately 

recorded in juvenile skeletons. For instance Kawakubo et al. (2013) showed that the 

presence of caroticoclinoid and pterygospinous foramina can be accurately assessed from 

fetal crania, while Kitagawa (2000), and Lovell and Haddow (2007) were able to 

successfully record dental nonmetric traits from juvenile teeth, suggesting that with 

cautious validation it may be possible in future research to include certain trait 

observations from immature skeletons. Though these findings are encouraging caution is 

always imperative, for though certain traits may manifest early in life it is not necessarily 

the case that all traits used for gauging relatedness will be evident before the end of 

skeletal growth. This fact further emphasizes the need for researchers to rely on adult 

skeletal remains that have finished development (i.e. individuals >20 years old) for 

biodistance estimates.  

3.6.2Inter-Trait Correlations 

Inter-trait correlation is believed to occur due to factors of pleiotropism, where different 

effects in development are precipitated by the same gene(s) resulting in a high degree of 

trait co-occurrence and hence high correlation of such traits (Grüneberg 1963; Hertzog 

1968; Hauser and De Stefano 1989; Saunders 1989). Pairs of nonmetric traits can be 

statistically tested (e.g. chi-square) to examine for potential instances of inter-trait 

correlation (Sjøvold 1977; Molto 1983, 1985; McIlvaine et al. 2014). If traits are highly 

correlated, co-occurrence can skew the data by suggesting an independent trend in trait 

association that does not really exist, so efforts must be taken to select traits that are not 

falsely correlated and that can provide the greatest amount of insight to the degree of 

phenotypic diversity between sample groups (Ossenberg 1969; Sjøvold 1977; Saunders 

1989). Fortunately inter-trait correlation is not a frequent occurrence, with most 

researchers noting that inter-trait correlation is limited and rarely reaches statistical 

significance in small samples, though as sample size increases inter-trait correlations may 

be more apparent (e.g. Woo 1950; Truslove 1961; Suzuki and Sakai 1960; Kellock and 

Parsons 1970; Jantz 1970; McWilliams 1974; Corruccini 1974a; Suchey 1975; Mouri 
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1976; Sjøvold 1977; Molto 1983, 1985; Prowse and Lovell 1995). There is also the 

potential that non-genetic factors may play a role in the correlation of traits as studies on 

diet (e.g. Searle 1954; Grüneberg 1963; Johnson 1965; Dahinten and Pucciarelli 1981, 

1983) and environment have shown evidence of trait correlations (e.g. Greene 1967; 

Saunders 1989; Bergman 1993).  Saunders (1989) stresses that simply because a trait is 

present before birth does not inherently indicate it is of genetic origin, as in utero 

environment and maternal diet can also contribute to the threshold and phenotypic 

manifestation of a given trait. 

3.6.3Pathology, Deformation, and Nonmetric Traits 

It is important when considering nonmetric traits to differentiate between pathological 

and normal variation (see Mann and Hunt 2005). There has been little directed research to 

date that seeks to examine potential correlations between nonmetric traits and pathology 

(e.g. Bocquet-Appel 1984; Bergman 1987, 1993; Crubezy 1998; Saunders and Rainey 

2008). However, various researchers have suggested that nonmetric traits may be 

overlooked as components of an underlying syndrome and/or congenital disorder (e.g. 

Cohen 1982; Turkel 1989; Barnes 1994; Burnett 2005; Graham 2007). Burnett (2005), 

developing upon the work of Barnes (1994), Turkel (1989) and Cohen (1982), argues that 

when cranial nonmetric traits are considered in isolation from the rest of the body there is 

the potential for overlooking what might be significant syndromic or congenital 

associations, such as the case originally presented by De Villiers (1968) of a woman with 

various cranial nonmetrics who was identified with no mention of a congenital disorder. 

Yet upon examination of the infracranial bones Burnett (2005) was able to show that this 

woman had osteogenesis imperfecta type III. 

Several researchers have looked at the relationship between cranial deformation 

and nonmetric traits with variable results. Various studies suggest no significant 

correlation (e.g. Sullivan 1922; Cybulski 1972; Konigsberg et al. 1993), while others 

contend that significant correlation can be observed, typically on the basis of mechanical 

adaptation (e.g. Oetteking 1930; Ossenberg 1970; O’Loughlin 2004; Van Arsdale and 

Clark 2010). Yet other studies suggest limited effects with caveats regarding cranial 
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regions and forms of deformation (e.g. craniosynostosis) (e.g. El-Najjar and Dawson 

1977; White 1996; Graham 2007). Given the potential influence of pathology and 

deformation on nonmetric trait development, skeletons exhibiting marked pathology or 

deformation that are believed to have impacted the development of nonmetric traits are 

typically excluded from nonmetric analyses. 

3.6.4Sex and Nonmetric Traits 

Sex may play an influencing role on the development of nonmetric traits both in genetic 

and environmental terms, as there is the potential that sex linked genes may push a trait 

past the phenotypic threshold more readily in one sex than the other (Strouhal and 

Jungwirth 1979; Alvesalo 1997; Saunders and Rainey 2008). Such genetic and 

environmental factors can have different threshold points in different populations, thus 

differences in nonmetric trait manifestation by sex are highly population specific (Brasili 

et al. 1999). It has been proposed that in general males are more likely to exhibit 

hyperostotic traits, based on sexual dimorphism and robusticity, while females are more 

likely to exhibit hypostotic traits (Ossenberg 1969; Saunders 1978; Molto 1983; Donlon 

2000), yet simple differences in body size do not appear to provide a full explanation for 

this trend, making the exact reason why sexually distinct traits may develop uncertain 

(Sjøvold 1977; Winder 1981).  

The issue of sex remains contentious, as various studies have suggested that sex 

differences are random and not truly meaningful (e.g. Vecchi 1968; Reggio et al. 1969; 

Cybulski 1972; Cosseddu et al 1979; Scarsini et al. 1980), while others call for the 

separate recording of data by sex (e.g. Woo 1950; Berry 1975; Ossenberg 1976; Dahinten 

and Pucciarelli 1983; Milne et al. 1983), if not total removal of sex biased traits (e.g. 

Conner 1990; Konigsberg 1990a; Perizonius 1979; Finnegan 1978). To avoid potential 

biasing factors of sex differences three simple solutions have been proposed: (1) remove 

sex correlated traits from the study; (2) perform all distance studies by sex; and (3) keep 

the sex ratio in the sample at an artificially uniform level (Corruccini 1974a; Harris 1977; 

Finnegan 1978; Saunders 1989; Crubezy 1998; Tyrrell 2000). When it is possible to show 

that sex related traits have either been removed or are not an issue (e.g. using chi-
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squared), the sexes may be pooled into one sample for biodistance analysis (See Thoma 

1981; Prowse and Lovell 1995; Irish 1997, 2005).  

3.6.5Asymmetry 

Biological asymmetry may occur for a number of reasons. Fluctuating asymmetry (i.e. 

unilateral trait manifestation in cases where bilateral manifestation would be expected) is 

the type most commonly believed to occur with nonmetric traits (Ossenberg 1981; Polak 

2003). Asymmetry of nonmetric traits is poorly understood and is commonly believed to 

result by chance due to epigenetic factors, or so called “developmental noise” (Ossenberg 

1981; Saunders 1989; Scott and Turner 1997; Tyrrell 2000; Polak 2003; Burnett 2005; 

Willmore and Hallgrimsson 2005). It has been suggested that the dentition is the least 

likely to exhibit asymmetry due to the relatively short period of development and inability 

to remodel (Greene 1967; Hillson 1986, 1996; Kuba 2006).  

In considering the unilateral expression of traits, Hauser and De Stefano (1989) 

warn that side of unilateral occurrence does not directly reflect developmental symmetry 

and should not be confused as such. Korey (1980) suggests that age may play a role, 

while Suchey (1975) argues that natural selection attempts to curtail asymmetry through 

strong canalization of traits, being the robustness or directedness of traits to manifest 

despite environment and developmental noise (see Waddington 1942). The concept of 

canalization is supported by the work of McGrath et al. (1984) which notes low 

heritability of asymmetry based on studies of Rhesus macaques, implying environmental 

factors as the cause of asymmetry. Hallgrimsson et al. (2005) note that rare traits (e.g. 

congenital anomalies), which can be population specific and dependent, more commonly 

manifest asymmetrically than common traits given their uncommon occurrence and likely 

decreased canalization. The findings of Hallgrimsson et al. (2005) may lend support to 

the argument of Suchey (1975) regarding canalization, that is, if most traits lack an 

asymmetrical distribution the notion of canalization would hold true, whereas for rare 

traits it is probable that due to the rarity of the trait occurrence the level of canalization 

may not be as strong, resulting in increasing occurrences of asymmetry (see Polak 2003). 

This is important in the context of nonmetric traits as nonmetric traits are anomalous 
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developments, suggesting that once the threshold of phenotypic manifestation is passed 

the degree of canalization for these anomalous trait would be variable, making both 

instances of symmetry and asymmetry common and unpredictable (Trinkaus 1978; 

Saunders 1989; Hallgrimsson et al. 2005). Given these arguments asymmetry in 

nonmetric traits is commonly understood as random and not meaningful.  

3.7Methodological Considerations 

3.7.1Intra- and Inter- Observer Error 

Accuracy of recording and repeatability play an integral role in the collection of 

nonmetric trait data (Thoma 1981; De Stefano et al. 1983, 1984; Nichol and Turner 1986; 

Saunders 1989; Gonzalez Jose et al. 2001). Observer error is a major factor that must be 

accounted for when sampling nonmetric traits (See Molto 1979; Buikstra and Ubelaker 

1994). Blind tests of observation repeatability should be performed to ensure the accuracy 

of data collected (Buikstra and Ubelaker 1994). Observer error can be tested by 

randomized repeatability tests, wherein a series of nonmetric traits from the same 

individual are repeatedly scored on several occasions. The outcomes of such tests are then 

compared to see that the same results are gathered each time or to identify problem areas 

in which evidence of data recording discrepancy is apparent (Motlo 1983; Buikstra and 

Ubelaker 1994). Buikstra and Ubelaker (1994) recommend that for testing observer error 

the sub-sample used should be 10–20% of the entire sample and/or a minimum of 30 

individuals. Most studies set the level of acceptable error at 90%95%, though this 

percentage is ultimately up to each researcher’s preference (Molto 1983; Korey 1970).  

3.7.2Methods of Recording Nonmetric Trait Data 

There are three general schools of thought regarding methods of recording nonmetric 

traits, referred to here as the “individual method” the “bilateral method” and the “ranked 

method.” To allow for meaningful calculations instances of both trait presence and 

absence must be recorded (Buikstra and Ubelaker 1994). Each study must define its own 

parameters (See El-Najjar and McWilliams 1978; Rösing 1986b; Gualdi-Russo et al. 

1999; Hallgrimsson et al. 2005; Ricaut et al. 2010) and, as Korey (1980) notes, the 
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individual vs. double/ranked methods ultimately make the researcher chose between the 

potential of including “genetically extraneous” material and the risk of excluding 

“genetically salient” material.  Though no one method is fully correct or incorrect, 

nonmetric research has largely adopted the individual method.  

3.7.2.1Individual Method 

The individual method records traits as present or absent with no special consideration for 

bilateral expression (Saunders 1989). Many researchers disagree with the idea that traits 

develop independently by side, and find separate recording of traits by side untenable, 

preferring to examine traits on an “individual” basis with an allowance for fluctuating 

asymmetry (McGrath et al. 1984; Molto 1983; Ossenberg 1981; Buikstra 1972a; Korey 

1970). Sampling by sides may exaggerate non-genetic factors of trait formation and 

artificially inflate sample size, which can prove problematic for biodistance calculations 

(Ossenberg 1981). Alternatively, Tyrrell (2000) contended that in badly preserved 

skeletal material the use of the individual method may underestimate the true frequency 

of a trait in a given population.  However, at the same time by adopting the individual 

method this allows researchers to record and use the presence of a given trait in 

biodistance calculation based upon any observation, thus still allowing for the use of 

highly fragmented remains where all elements may not be present.   

3.7.2.2Bilateral Method 

The bilateral method is based on the concept of a double threshold and entails the 

recording of traits by side (Ossenberg 1981). This method is proposed as being able to 

maximize information from fragmentary remains while also taking into account side 

independence and genetic potential for asymmetry in a population (Ossenberg 1981; 

Finnegan and Rubison 1984), concepts that are refuted as unviable by McGrath et al. 

(1984) and Hallgrimsson et al. (2005) given the lack of evidence for side preference 

development of nonmetric traits. A key issue with this method is that, arguably, it 

unnecessarily inflates sample size (i.e. instead of recording the presence of a given trait in 

an individual it is now necessary to record both left and right traits, essentially doubling 
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the sample recorded). However, this issue of inflated sample size has been resolved by 

using MMD in tandem with the correction factor of Green et al. (1979) (Ossenberg 1981; 

Harris 2008).  

Hermann et al. (1990) suggested that to avoid over-inflating sample size unilateral 

traits can be recorded as 0.5 and bilateral as 1, while Korey (1970) recommended that 

crania in which both sides are not observable be removed from study. Konigsberg (1987) 

proposed that in cases where traits manifest bilaterally they should be recorded as present 

and in cases where unilateral manifestation occurs a randomization score should be used 

to determine if the trait should be scored as present or absent. Conner (1984) noted the 

possibility of using only one side for recording traits however, this method is less 

commonly employed as the choice to use only one side may create a biasing factor in and 

of itself by suggesting a degree of side preference and/or ignoring potential side 

preferences, making this method questionable in its efficacy. 

3.7.2.3Ranked Method 

Based upon the concept of multiple thresholds, the ranked method is an attempt to record 

increasing genetic data and scaling of trait distribution by degree of expression (Saunders 

and Popovich 1978; Hauser and De Stefano 1989; Tocheri 2003; Kuba 2006). The use of 

a ranked method is most abundant in dental nonmetric trait studies where traits are 

recorded based on varying increments of manifestation and then dichotomized using 

breakpoints, which is not the case in cranial and infracranial nonmetrics (Turner 1975; 

Turner et al. 1991). Though the intention of this method is valiant it is generally held that 

the data gathered from such ranking are not significantly more informative than those 

derived from studies using a dichotomy approach, as there is currently no evidence to 

suggest that degree of trait expression is significantly correlated with increased liability or 

genetic influence (Turner 1991; Nichol and Turner 1986; Scott et al. 1983). Further, for 

the purpose of biodistance assessments the degree of trait manifestation is not as 

important as its presence within a given group. For this reason, the use of a ranked 

method is not widely used and may have greater success in future studies seeking to 

understand the degree of penetrance and phenotypic development of nonmetric traits. The 
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lack of well-defined and arbitrarily imposed threshold breakpoints also makes the use of a 

ranked scale difficult (De Stefano et al. 1984; Fulginitti 1993).  

3.8Conceptualizing Relatedness–Biodistance 

Biodistance, defined as the calculated degree of relatedness between groups, is the main 

topic of nonmetric trait inquiry in anthropology (see Stojanowski and Schillaci 2006; 

Saunders and Rainey 2008). The concept of biodistance is founded on the premise that 

individuals, and by logical extension populations, that are closely related will be more 

alike phenotypically than those that are not (Larsen 1997; Ubelaker 1999; Harris and 

Sjøvold 2004). Biodistance studies seek to measure this similarity by examining the 

biological divergence between groups, most commonly using the mean measure of 

divergence (MMD) or pseudo-D2 of Mahalanobis (see below) (Stojanowski and Schillaci 

2006; Irish 2010). Early biodistance studies largely sought to examine differences 

between populations in terms of continents or large geographic areas (e.g. Brothwell 

1959). Such studies provided evidence to suggest that nonmetric traits were under 

sufficient genetic control to allow for differentiation between regional populations, 

however such studies were also so large and broad as to create types for given regions and 

thus neglected to consider internal variability. Progressing from this point, studies of 

biodistance began to look at a smaller scale of differentiating between regional and/or 

local groups in order to provide more robust interpretations of archaeological and 

historical renderings of past population interactions and migration (e.g. Cybulski 1972; 

Strouhal and Jungwirth 1979; Dodo 1992a,b; Prowse 1994; Prowse and Lovell 1995, 

1996; Chapman and Gill 1997; Blom et al. 1998; Sutter and Mertz 2004; Hallgrimsson et 

al. 2004; Matsuma and Hudson 2005; Ullinger et al. 2005). 

Drawing upon earlier works on heritability (e.g. Shepard 1893; Symmers 1894–

1895; Ashley-Montagu 1937; Torgersen 1951a,b; Grüneberg 1952; Berry 1963) the 

concept of using nonmetric traits to identify families was introduced to anthropological 

biodistance studies in the work of Ullrich (1969). Many researchers have avoided such 

analyses, as it is commonly believed that nonmetric traits are too non-specific to be able 

to discriminate “close relations” (Berry 1975; Sjøvold 1984; Konigsberg 1990a; Tyrrell 
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2000). Despite such claims there is evidence to suggest that under the right circumstances 

familial reconstructions may be possible (see Borian et al. 1964; Molto 2001; Brothwell 

and Zakrzewski 2004; Graham 2007). Rösing (1986a,b) and Sjøvold (1977) proposed that 

if the nonmetric traits employed are sufficiently rare in occurrence then it may be possible 

to reconstruct familial relationships (e.g. Gejvall and Henschen (1968) used congenital 

cervical fusion to identify siblings). However, this method requires the presence of rare, 

typically congenital traits, which are an uncommon finding, resulting in this approach 

being little used.  

Since the turn of the millennium several studies have sought to employ a suite of 

nonmetric traits from the crania, infracranial, and dental regions, in the hope of providing 

a stronger basis of discrimination for identifying familial relationships. Examining the 

well documented 18th and 19th century historic burials from Christ Church Spitalfields, 

England, both Kuba (2006), using dental and infracranial nonmetric traits, and Reed 

(2006), using a cladistic approach, sought to reconstruct the interred families. 

Unfortunately, the results of both studies suggest a lack of correlation between burial 

records and nonmetric trait reconstructions. Case (2003), using hand and foot bones, a 

method proposed previously in Case (1996) and Anderson (1987), expressed concerns 

over the potential of using nonmetric traits for family reconstruction, but suggested that 

there is significant potential for the use of hand and foot traits in future nonmetric trait 

studies (see also Anderson 1986–1987). Examining burials from Middenbeemster in the 

Netherlands, Leroux (2012) identified nine individuals who may have been related using 

a breakpoint of the presence of ≥5 shared dental nonmetric traits. Leroux (2012) proposed 

that the use of breakpoints may be the way forward for future kinship analyses. However, 

though novel, Leroux (2012) remains cautious about this method, as ultimately the nature 

of the kinship of the individuals identified could not be confidently determined. Lastly, 

Ricaut et al. (2010) found that genetic data remain more accurate at identifying family 

groups than nonmetric trait data, though they noted that nonmetric trait data still have 

potential for such studies at broader levels (see discussion above). These studies suggest 
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future potential for the nonmetric trait methods proposed but show little positive progress 

for studies undertaken on familial relationships.  

Bentley (1987, 1991) and Pietrusewsky and Douglass (1992) found that in cases 

where there is a known deposition history it may be possible to reconstruct family 

relatedness through nonmetric traits, burial patterning and grave goods. Developing upon 

this notion other researchers have devised methods of incorporating both spatial data 

along with burial goods, pathology, and records into nonmetric kinship analyses on an 

intra-cemetery and localized level (e.g. Finnegan 1972; Sjøvold 1978; Capasso 1985–86; 

Bondioli et al. 1986; Finnegan and Marcsik 1989; Vach and Alt 1993; Alt and Vach 

1991, 1992, 1995; Spence 1996; Sjøvold 1995; Alt et al. 1996; Corruccini and Shimada 

2002; Christensen 1997, 1998; Stojanowski and Schillaci 2006; Pennefather-O’Brien 

2006; Pilloud 2009; Pilloud and Larsen 2011). Pilloud and Larsen (2011) extended the 

concept of intra-cemetery variability one step further to examine phenotypic patterning by 

neighborhood at Çatalhöyük, Turkey. This attempt yielded negative results, yet marks a 

novel approach to the use of nonmetric trait analyses on a small scale to look at group 

clustering and the formation of neighbourhoods. 

 In a separate but similar vein of inquiry several researchers have sought to 

examine residency patterns. Lane and Sublett (1972) and Spence (1974a,b) are most 

commonly associated with the use of nonmetric traits to examine marriage residency 

patterns. Lane and Sublett (1972) and Spencer (1974a,b) proposed that with specific 

marriage residency patterns (e.g. patrilocal, uxorilocal) there will be a level of skeletal 

trait homogenization in one sex with corresponding heterogeneity of traits in the opposite 

sex, allowing for inferences about marriage residence patterns and the social implications 

that such findings imply (see Konigsberg 2006; Pennefather-O’Brien 2006). These initial 

studies also helped to develop the concepts of local migration and in situ microevolution, 

which would become topics of significant interest for nonmetric trait research (see 

Ossenberg 1992; Stojanowski and Schillaci 2006; Konigsberg 2006). Marital residence 

studies, however, have been harshly criticized. Kennedy (1981) believed it to be unlikely 

that residence based trait homogenization would remain stable over extended periods of 
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time as change would surely occur over time due to the genetic contributions of incoming 

marriage partners, while Cadien et al. (1974) argued that the time depth of samples may 

affect interpretations due to temporal variability. Despite these and other criticisms 

Konigsberg (2006) contends that such difficulties of interpretation may be accounted for 

through appropriate sampling and statistical modeling, implying a potential future for 

such studies.  

 When reviewing biodistance studies, it becomes clear that the most fruitful level 

of investigation for using nonmetric traits is at the group level. Attempts at familial 

reconstruction and inter-neighborhood examinations, though insightful, have shown that 

the degree of variability in nonmetric traits is not well enough understood to be of 

sufficient discrimination at smaller scales of analysis. For this reason, the majority of 

biodistance studies seek to examine differences between regional groups on a larger scale. 

It is also evident that when nonmetric traits can be coupled with other methods (e.g. 

burial analysis, epigraphy) there is the potential for increasingly finer resolution of group 

differentiation.   

3.9Statistical Approaches to Biodistance 

Given the dichotomous nature of nonmetric traits, standard statistical approaches used in 

metric distance studies, such as principle components analysis (PCA), the D2 of 

Mahalanobis (1930, 1936) and the work of Penrose (1947, 1953), have either been 

modified to suit dichotomous data or cannot be employed (Irish and Guatelli-Steinberg 

2003; Pennefather-O’Brien 2006; Irish 2010; Pilloud and Larsen 2011). Early nonmetric 

biodistance studies sought to examine traits on a rudimentary level of trait-by-trait 

comparison, where distance was based on a 1:1 examination of presence or absence 

similarity (e.g. Anderson 1968), an approach that has fallen out of use due to the 

limitations it presents when examining large samples, multiple populations, and many 

traits.  

As the use of nonmetric traits in biodistance studies increased, so to did attempts 

at developing statistical methods for accurately gauging the degrees of similarity and 

difference between groups, resulting in the use of multivariate analyses (Irish 2010). The 
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most commonly employed statistical procedure in nonmetric trait biodistance studies is 

the mean measure of divergence (MMD) (see Equation. 3.1, after Irish 2010), where r is 

the number of traits used, while 1i and 2i are the transformed frequencies in radians of 

the ith trait in the comparison groups, and n1i and n2i are the number of individuals scored 

for the ith trait in the group.  

Equation 3.1–Mean measure of divergence (after Irish 2010) 

   

 

The MMD statistic was first introduced by Grewal (1962b) and popularized 

within anthropology in the work of Berry and Berry (1967). Later researchers would 

adopt this initial procedure and refine the method and formulae in a number of ways 

resulting in a plethora of different, often conflicting and difficult to compare, approaches 

(e.g. Green and Suchey 1976; de Souza and Houghton 1977; Sjøvold 1977; Finnegan and 

Cooprider 1978; Harris and Sjøvold 2004; Harris 2008; Irish 2010). To resolve this 

problem, Irish (2010), proposed the adoption of a single MMD formula so that the results 

can more easily be compared between studies (see Equation 3.1 above). 

MMD is a dissimilarity measure that is quantified on a scale ranging from 0 to 1, 

where proximity to 0 shows high similarity and proximity to 1 shows low similarity 

(Tyrrell 2000; Irish 2010). Using this scale the level of similarity and difference between 

divergent populations can be calculated where statistical significance occurs when MMD 

is equal to or greater than twice its standard deviation (see Harris and Sjøvold 2004 for 

formulae; Tyrrell 2000). MMD is designed to deal with dichotomous data in terms of 

percentage, not intervals or ratios, and has been extensively employed, as it is fairly 

robust and allows for ease of interpretation (Cybulski 1972; Harris and Sjøvold 2004; 

Turner and Elder 2006; Irish 2010). Early in the use of MMD it was realized that 

correlation between variance and trait frequency poses a difficulty for calculation (Harris 

and Sjøvold 2004). In an attempt to limit such association a series of transformation 
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procedures have been suggested and generally adopted (see Green and Suchey 1976). The 

use of a frequency transformation, commonly referred to as an arcsin, angular or inverse 

sine transformation, helps to ensure a more stable variance, where the relative frequency 

of a trait in a given sample (p) is proportional to 1/n, instead of p, and is commonly 

conducted following the formulae of Freeman and Tukey (1950) and Anscombe (1948) 

with further recommendations by Green and Suchey (1976). Using an angular 

transformation, the distance between samples can be represented as a projection onto a 

hypersphere, allowing for measurable inter-population distances (see Bhattacharyya 

1946; Tyrrell 2000).  

MMD has proven integral to biodistance studies. However, a number of concerns 

continue to arise with this formula, not the least of which is the frequent misuse and 

misinterpretation of MMD calculations and the fact that MMD does not account for inter-

trait correlations (see Sjøvold 1977, 1985–86; Harris and Sjøvold 2004; Irish 2010). It is 

well established that small sample size can have an adverse effect on the calculation of 

MMD where the adjustment factor can be larger than the difference measured, creating a 

negative MMD (Harris and Sjøvold 2004; Sjøvold 1986). The negative value has no 

biological significance but is an artefact that indicates how calculation of MMD is 

dependent on sample size, or that the samples have identical frequencies, showing how 

distortion of discrimination ability increases with decreasing sample size (Green and 

Suchey 1976; Prowse and Lovell 1995; Relethford et al. 1997; Irish 2010). To alleviate 

such problems recommendations have been made to follow the suggestion of Sokal and 

Sneath (1963) that at least 60 and no less than 40 traits be used, yet in terms of 

anthropology such high trait levels are typically unattainable. To resolve this situation it is 

recommended that traits that do not provide for significant discrimination between groups 

be removed from analysis, seemingly harkening back to the previously presented 

concepts of Rösing (1986a,b), so as to avoid such negative values and enhance the 

discriminatory power of the traits remaining (Rohlf 1967; Armelagos et al. 1982; Harris 

and Sjøvold 2004; Irish 2010; Soltysiak 2011).   
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 In an attempt at standardization, Sofaer et al. (1986) introduced what is known as 

standardized mean measure of divergence (sMMD). This procedure sought to provide 

standardized MMD results allowing for increased comparability of MMD calculations in 

cases where different traits were scored for different populations. This objective was 

accomplished by dividing the MMD by its standard deviation, a notion Harris and 

Sjøvold (2004) proposed as an attempt at analogy to conventional z-scores. Though this 

method has valiant intentions it has taken significant criticism, most recently by Harris 

and Sjøvold (2004), over what are identified as internally unsound calculations, 

suggesting that this method should be avoided in future biodistance studies. 

Another method that has become increasingly popular in nonmetric trait studies is 

a dichotomized approach to the D2 of Mahalanobis (1930, 1936). The D2 measure of 

divergence was originally conceived of as a general measure of divergence between two 

populations based on uncorrelated metric variables (Sjøvold 1977) (Equation 3.2). It has 

been shown that by incorporating a tetrachoric correlation matrix, the typically 

continuous variable calculation of D2 can be applied to noncontinuous data (Sjøvold 

1984; Konigsberg 1990b; Konigsberg et al. 1993; Bedrick et al. 2000; Irish 2010), 

following the formula, 

Equation 3.2–The D2 measure of divergence (after Sjøvold 1977). 

𝐷𝑖𝑗
2 = (𝑧𝑖𝑘 −  𝑧𝑗𝑘)

′
𝑇−1(𝑧𝑖𝑘 − 𝑧𝑗𝑘)      

 

where Zik is the threshold value corresponding to a trait frequency Pik for trait k in site i, 

while Zjk is the threshold value for trait k in site i, and T is a pooled tetrachoric correlation 

matrix between k traits (Konigsberg 1990b:60, Eqn. 11). 

Though the MMD and D2 provide similar insights to divergence there are 

differences. Where MMD requires counts (k) of positive observations out of total number 

of individuals (n), D2 employs dichotomous data based on individuals to examine 

correlations within each group before being pooled by sample size to determine the 

weighted average correlation (Irish 2010). Samples are adjusted for phenotypic 
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correlations between groups, allowing for undue weight on groups of characters that 

frequently occur to be avoided and representing the minimum possible distance between 

groups (Williams-Blangero and Blangero 1989; Konigsberg 1990b; Irish 2010). Though 

MMD and D2 differ, after trait editing, MMD and D2 appear to provide sufficiently 

similar results (Irish 2010; Nikita 2015).  

Lastly, the Gower General Similarity Coefficient can be used to investigate 

nonmetric trait variability on an intra-group level following the statistic provided by 

Gower (1971) (Equation 3.3). 

Equation 3.3–Gower General Similarity Coefficient (after Gower 1971). 

      

 

where sij compares the cases i and j, Sijk indicates the contribution provided by the kth 

variable, and wijk is either zero or one depending on whether the comparison is valid for 

the kth variable (see Killgrove 2010a:353). Gower’s coefficient is useful for examining 

intra-population similarity as it generates a matrix to take into account traits that two 

individuals share, traits that one individual has and the other does not, and traits that 

neither individual has, providing an objective measure of similarity (Killgrove 2010a; 

Iorio et al. 2012). This method is helpful for identifying individuals with significantly 

different nonmetric traits within a given group, allowing for relative similarity distances 

to be approximated between individuals, but has been challenged for its potentially poor 

resolving power in biodistance discrimination (Killgrove 2010a). 

3.10Future Directions of Nonmetric Trait Research 

Presently there are two foreseeable future directions in nonmetric trait studies, social and 

developmental. Developmentally, a key future direction for research lies in the 

understanding of trait development. Saunders (1989) suggested that studies might look at 

traits on an individual basis and seek to understand them from the point of ontogeny, from 

genesis to full development, possibly through prenatal imaging, fetal dissection and 
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analysis of serial radiographs from living populations. This type of research has seen 

increasing investigation, with researchers such as Kawakubo et al. (2013) investigating 

the presence of nonmetric traits in fetal crania. A second approach to this suggestion is 

through genetics. The ability to sequence and examine entire genomes has become 

increasingly feasible and as such whole gene scanning may aid in identifying the 

underlying genetic contribution to various nonmetric traits (Larsen 1997; Hallgrimsson et 

al. 2005; Saunders and Rainey 2008).  

There has also been a call for combining nonmetric traits with isotopic studies of 

strontium (Sr) and oxygen (O) to look at the possible relationship between methods of 

group distinction using NMTs and stable isotopes, as such an approach may help to 

provide a broader understanding of nonmetric traits in terms of population affinity and 

migration factors (Saunders and Rainey 2008). Though presently difficult, kinship 

reconstruction also remains an avenue of research that merits further investigation. Kuba 

(2006) notes that few studies have looked at cranial, infracranial and dental nonmetrics 

together, suggesting this approach may be useful for future studies (see also Case 2003, 

2006; Reed 2006). The work of Burnett (2005) pointed out that significantly more 

research is needed into the continuum of variation and the use of nonmetric traits in 

relation to syndromes and congenital disorders in the past.  

Lastly, there is a need to conduct a comprehensive study that looks at the various 

methods of recording traits (i.e. individual, bilateral, ranked) to see the actual difference 

in outcome that are produced by all three methods and associated statistical models of 

computation (Finnegan and Cooprider 1978). To my knowledge, there is no one study 

that has scored the same population by way of these different methods and then compared 

the results to examine for differences. 

 An avenue of investigation that may also be fruitful in future nonmetric trait 

studies is the integration of so-called “soft data” (e.g. epigraphy and historical documents) 

with nonmetric traits and other datasets (e.g. isotopic analyses, aDNA) (See Bruun 2010). 

Though desirable it is also clear that this approach is not always feasible, given the 

common lack of “soft data” and/or the inability to undertake chemical analyses. Despite 
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these limitations it is hoped that, when possible, by combining these various datasets an 

increasingly robust method of analysis may be possible, allowing for greater biosocial 

insights to past populations.  

3.11Conclusions 

Nonmetric traits have seen wide and varied use throughout the history of anthropology. 

The use of nonmetric traits has been highly contested, and at times all but abandoned. 

Such traits, even in light of more recent genetic evidence, have proven to be a sufficiently 

viable approach by which to examine relatedness and group differentiation among past 

populations. There remains significant potential for future research that continues to use 

and investigate nonmetric traits within bioarchaeological contexts.  
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Chapter 4On Mobility and The Roman Empire 

 

4.1Introduction 

The movement of people is a staple of all time periods and all regions of the globe. The 

extent of and impetus for movement however can be drastically different within and 

between groups and time periods. It is precisely at this junction that the nature of mobility 

and in particular migration, immigration, and emigration become entangled in larger 

cultural dialogues. This chapter examines the nature of human mobility on a broader 

theoretical level before engaging with aspects of mobility related to the Roman world.   

4.2Theoretical Perspectives on Migration 

Mobility and migration are basic norms of human society throughout all periods of 

history (Naerebout 2014). The nature, type, and intention of human mobility can vary. 

While broadly speaking mobility refers to any movement, mobility in the migration 

literature is often used to connote short distance movement of individuals within a 

common cultural realm in a given territory (i.e. movement from city to suburb, travel for 

day labor) (Ortega Munõz 2015). Migration, and the associated terms of immigration and 

emigration, is typically defined as the movement of individuals in physical and social 

space beyond the boundaries of their cultural milieu (Albrecht 1972).  

In the 19th century, Ravenstein (1885, 1889) observed that most individuals move 

only short distances and that the number of migrants diminishes with increasing distance, 

the so-called “friction of distance” model (Burmeister 2000). However, as Burmeister 

(2000) discusses in his synthesis of migration literature, this model neglects to take into 

account the social agency of migrants as well as the distinction between distance and 

social continuity (see also Albrecht 1972). What is important to take from this is that 

mobility and migration are not independent categories of movement; rather they represent 

attempts at defining different parts of a mobility spectrum that is influenced by both 

physical and social distances, a phenomenon for which there is no one defining feature 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 78 

other than movement (Kearney 1986; Horden and Purcell 2000; Brettell 2015). Migration 

is often not a singular, nor linear, event, as one does not simply leave one place and arrive 

at the other (Brettell 2015).  Migration can be conceived of as a process of movement 

over variable periods of time during which migrants act and are acted upon by the various 

processes facilitating and hindering their onward and/or return movement, with previous 

migrants being increasingly likely to undertake subsequent migrations (Smith 1979; 

Anthony 1990; Brettell 2015). As there is less qualitative information available for why 

and how people moved in antiquity (Burmeister 2000), this chapter will variably use the 

terms mobility and migration when broadly discussing the movements of human groups 

over a physical landscape.    

4.2.1Modelling Migration Types 

4.2.1.1Types of Migration 

To deal with the variety of movement types numerous theoretical models have been 

derived to qualify the nature of human mobility (e.g. Tilly 1978). These models however, 

are not meant to be rigid, but rather are meant to conceptualize different types of mobility 

strategies, providing insights to the nature of migration and socio-dynamics of 

populations. For instance, Sanjek (2003), focusing on the motives for migration, suggests 

that human migration can be disassembled into seven categories: expansion, refuge-

seeking, colonization, enforced transportation, trade diaspora, labour diaspora, and 

emigration. In contrast, Gonzalez (1961), focuses on the temporality of migration, using 

five categories to contextualize migration in the Caribbean: seasonal, temporary non-

seasonal, recurrent, continuous, and permanent.  

The foundational model of human mobility articulated by Tilly (1978) presents 

four inter-related categories of migration that have been widely engaged with and 

expanded upon in numerous fields including sociology, cultural anthropology, 

archaeology and biological anthropology, among others. The categories presented by 

Tilly (1978) frame mobility based on the duration and distance from the original source 

location. Smith (2014a) argues that the model developed by Tilly (1978) is so enduring in 
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the migration literature as it presents a heuristic device that advances scholarly 

understanding of the social context of human movement by breaking it down into 

coherent analytical categories. 

4.2.1.1.1Circular Migration 

Circular migration occurs when individuals move through a series of established 

connections from their primary area of residence along a prescribed route to a second 

destination where they reside for some period of time before returning to their primary 

area of residence (Tilly 1978). This style of migration is commonly seen among merchant 

classes in which business is conducted at a number of locations away from a primary 

residence, thus taking individuals away for extended periods of time but ultimately with 

the knowledge that they will or intend to return (Tilly 1978). Research has shown that 

individuals who are involved in circular migrations are increasingly likely to continue to 

undertake further migrations, a process that Margolis (1995) conceptualized as “yo-yo 

migration” (Brettell 2015). Circular migration can be both a short term process and a long 

term process, as Brettell (2003) also discusses the occurrence of return migration, noting 

that 25% of some 16 million Europeans who came to the USA early in the 20th century 

eventually returned to Europe to live (Gmelch 1980).   

4.2.1.1.2Chain Migration 

Chain migration is similar to circular migration in that individuals move from place to 

place through a series of pre-arranged connections or “links” in the chain (Tilly 1978). 

These links in the chain may be all pre-arranged or they may develop over an extended 

period of time where initial moves are made with subsequent back flow, allowing for 

multiple locations to be tested for the best possible location of movements (Tilly 1978). 

In time this method of forward and back migration establishes a number of links from a 

given community forming a network that allows for easier or more reliable migration 

(Kearney 1986). Chain migration by its nature also makes further migration easier, as 

with every new migrant to a given region it becomes easier for friends and family to 

follow as they will have places to stay along the route and better information on the new 
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location as gathered by previous migrants (Massey et al. 1993). Such movement often 

results in the formation of micro-villages at the new location, epitomized by so called 

“Chinatowns” and “Little Koreas” (Tilly 1978; Sanjek 2003).  

Anthony (1990) discusses a similar form of chain migration known as 

leapfrogging in which each successive individual or group succeeds the previous group, 

leapfrogging over them to push the migration chain farther establishing new locations 

along the line. Leapfrogging differs from chain migration as it relies less on endpoint 

aggregation and more on initial “scouts” who go forward from the larger group(s) to 

check out potential new locations and send information back allowing for larger groups to 

move to the new location, from which again scouts move forward to find further new 

migration points (Anthony 1990; Osborne 1991). Leapfrogging then is defined by cycles 

of fusion and fission of group members, forming a feedback loop and continually 

expanding.  

Chain/leapfrog migration represents an engrained approach to systemic migration.   

Massey et al. (1993) discuss these types of migration as being a common part of “cultures 

of migration,” in which migration becomes ingrained in the social fabric to the point that 

it is common, if not expected, for individuals to migrate. In some cases the readiness to 

migrate is associated with reaching adulthood (Massey et al. 1993; Sharpe 2014).  

4.2.1.1.3Local Migration 

Local migration encompasses short distance migration, movements between villages or 

across a town (Tilly 1978). Such migration, possibly better referred to as mobility 

(Mihailescu-Bîrliba 2009; Ortega Munõz 2015), is unlikely to have a significant effect on 

the individual moving, as cultural continuity and preservation of social ties with 

individuals from the previous residence are often maintained (Tilly 1978).  

4.2.1.1.4Career Migration 

Unlike local migration, career migration involves individuals and groups of individuals 

moving over extended distances on a permanent basis to fill opportunities for better 

employment, social standing, or service (e.g. diplomatic service, military service, etc…) 
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(Tilly 1978). Though similar to circular migration, career migration varies in that the 

expected return date is not known and it is not certain if individuals will return to their 

original places of residence, as they may find employment in yet another location or 

chose to stay in one of the locations where they have settled (Tilly 1978). 

4.2.2Migration Contingency Analysis and Frameworks 

4.2.2.1Informing the Choice to Move 

The various migration categories and types established by Gonzalez (1961), Tilly (1978), 

and Sanjek (2003) provide models by which various forms of migration can be gauged. 

The following sections examine at greater length key aspects of migration theory and the 

various reasons and decision process behind why people migrate. 

4.2.2.1.1Perception-Action 

Perception-action looks at the perception of mobility and the cyclical relationship 

between human perception and movement (Gibson 1979; Øvergåard 2008; Sager 2008). 

Though this field of research has implications for all forms of mobility, it is most strongly 

engaged with looking at long term and potentially no return migration. 

 Perception action seeks to address the perception that potential migrants have 

towards the process of migration and the ultimate endpoint of their movement (Swenson 

and Turvey 1991). Sager (2008) makes the argument that people do not move simply 

because they can, but rather, in situations of free will mobility (i.e. individuals who are 

free to chose whether or not to move), people move to locations that they perceive as 

viable and attractive. Øvergåard et al. (2008) extend this further by pointing out that 

action is a way of perceiving and perceiving is a way of acting, that is to say that the 

migration experiences individuals have inform future decisions to migrate, while the 

perception of what future migrations will be like informs the eventual action of migrating. 

The perceived viability and attraction of a location can be anything, ranging from 

viability for business success to more attractive than one’s present living conditions. In 

this way there is no one uniform perception of “there is better than here,” rather each 

individual’s perception will be based on unique criteria (Burmeister 2000; Sager 2008).  
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Burmeister (2000:547) contributes to this theoretical position in his discussion of 

“decision theories,” which operate using the premise that in any situation potential 

migrants have only certain and ultimately limited information about their final end point 

migration destination. The choice to move is precipitated and predicated upon the 

perceptions individuals have in regard to their final end location, placing decisions as the 

key focal point of migration conceptualization. In this way the decision to migrate is not 

entirely objective given an inherent lack of facts about all possible difficulties in the 

endpoint location, thus all choices are subjective (Brummel 1979; Plane 1982; Anthony 

1990). Such a decision-based model takes into account the social and behavioural side of 

the decision to migrate (Morril and Pitts 1967). 

4.2.2.1.2Push and Pull Factors 

Classic conceptions of migration theory commonly employ a somewhat mechanistic 

push-pull model as the fulcrum for movement (Kearney 1986). These push and pull 

forces are used as counterpoints where on the home residence side there are factors that 

are disagreeable to the individual and thus push them towards leaving, while on the 

opposite side, the migration destination has attractive features which pull the potential 

migrant towards that location (Kearney 1986; Hin 2013; Brettell 2015). These factors 

need not be thought of as exclusively negative (i.e. push) and positive (i.e. pull). In many 

cases individuals do not fully wish to leave their residence but external factors (e.g. lack 

of a job, war, lack of opportunity for education, etc..) push them them away. In some 

cases (e.g. war, famine, pogrom) large groups of individuals may be “pushed” to migrate 

at one time, while in other instances (e.g. economic hardship) push factors may result in 

more individualized cases of migration. While conversely the “pull” location may or may 

not be that enticing, but rather may provide opportunities that encourage individuals to 

move there (e.g. a job, the ability to raise a family, the avoidance of discrimination and 

violence, etc…). Brown et al. (1977) contend that “pull” factors are not random but 

rather, similar to perception-action choices, are precipitated on the knowledge that 

potential migrants have about locations where they wish to go (i.e. perception that a job in 

location X will provide a better life). Push and pull factors are however ultimately 
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subjective, as Hin (2013) argues, what pulls or pushes one individual or group of 

individuals may not equally do so to other individuals in the same situation. Further to 

this point, Hin (2013) points out that though choice is a factor in push-pull migration, 

there are countless instances in which voluntary migration is undertaken by choice in 

name only, where voluntary migration is precipitated by war or natural disaster, which 

can force individuals to migrate who in the absence of these factors would have no desire 

to emigrate. Push and pull factors as such are subject to highly variable decision 

processes, thresholds, and subjective interpretations.   

4.2.2.1.3Cost Benefit Analysis 

The cost benefit model of migration more readily uses a microeconomic scale to 

empower the decision processes of emigrants, whereas the dichotomy of the push-pull 

model suggests more macroeconomic motivators (i.e. individuals are pushed by 

circumstance beyond their direct control and pulled by motivators somewhere else) 

(Sjaastad, 1962; Todaro, 1969, 1976, 1989; Bogue 1977; Todaro and Maruszko, 1987). 

Cost benefit models look at the analyses individuals have to put into making the decision 

to move, such as the cost of travel between their present location and the ultimate locale, 

the cost of living at the desired location in comparison to their present location, and the 

location at which migration will bring the greatest return compared to the cost of moving 

there (Lee 1966; Borjas, 1990; Castles and Miller 1993; Massey et al. 1993). In this 

model we see decisions being made such that people direct their movement to locations in 

which the skill set they have will bring the greatest return, typically, though not 

exclusively, monetary, as it is clear that other factors such as adapting to a new work 

environment, social integration, etc… are also considered (Massey et al. 1993). 

 In more recent years the cost-benefit model has been further interrogated and 

refined to consider the decision making process from the family and/or community level 

rather than only at the individual level (Stark and Levhari 1982; Stark 1984, 1991; Katz 

and Stark, 1986; Taylor, 1986; Lauby and Stark, 1988). Where individuals may ultimately 

be the ones moving, it is much rarer to encounter situations in which an individual is the 

lone actor in this decision. Rather, Stark and Bloom (1985) propose that it is much more 
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common that the cost-benefits of moving are weighed by a family and/or community, 

where both the net return versus cost to the individual and at the larger scale the benefit to 

the family and/or community can be maximized. In this way the ability to maximize 

returns can, arguably, be better orchestrated to do what is best for the family and/or 

community. This group cost-benefit model is believed to more closely approximate real 

world scenarios where more than just the individual is dependent on the return capital 

from their potential emigration (Massey et al. 1993).  

4.2.2.1.4The Bright Lights 

The “bright lights” have also been investigated as a mechanism that attracts individuals, 

particularly young males, to migrate (Du Toit 1990). In this migration model emigrants 

leave their homes because the “bright lights” of a metropolis or boomtown promise more 

excitement, better opportunity, and the assumption of a brighter future (Gulliver 1957; 

Mayer 1961; Øvergåard 2008; Sager 2008). Emigrants leave their home region for the 

hope of something better but do not necessarily have any contacts or a job waiting in the 

migration locale (Bogue 1977; Du Toit 1990). As such it is the perception of the location 

that has the greatest pull at the proposed greatest benefit. The pull of these proposed 

benefits however, is not always genuine, as many times migrants find themselves in the 

metropolis with little recourse to employment and thus become stuck in a sort of limbo in 

which they cannot afford to go home but also are barely able to get by in the area they 

have chosen to move to (Lee 1966; Bogue 1977; Kearney 1986; Brettell 2015).  

4.2.2.2Networks 

For all the categories and reasons why people migrate there remains the practicality of the 

actual movement. When considering how people move a key concept is the notion of 

networks (Wilson 1994; Brettell 2015). It is uncommon and unlikely that an individual 

decides to move from their residence to another location without having some system of 

contacts in place to form a series of points at which they can stay before making further 

progress (Du Toit 1990; Brettell 2015). This notion of a prepared route is stressed in the 

anthropological literature where it is made evident that migration is not a binary “home” 
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and “away,” but rather is most typically undertaken through a series of destination points, 

nodes, along the route (Du Toit 1990). Though there are surely instances in which quick 

migration occurs (i.e. forced expulsion, refugees fleeing conflict) when considering 

planned and intentional migration it is typical that individuals will move within networks 

of established contacts and routes (Du Toit 1990; Brettell 2015; Wilson 1994). When 

speaking of chain migration previously the notion of networks is evident (Tilly 1978). 

The development of enclaves (e.g. “Chinatowns”) imply a series of links that have 

allowed individuals to reach these ultimate endpoints, thus individuals who have the same 

network of contacts often arrive in similar locations, allowing for the development of 

communities in the new location (Lomnitz 1976b, 1977; Tilly 1978; Kearney 1986; 

Appadurai 1996; Hin 2013). 

 Massey et al. (1993) posit that when migration networks work well they provide a 

situation in which travel along the network of established links is not random but is 

guided by the fact that at the end there is a job waiting or a high probability of 

employment, enhancing the perceived benefits of migration. With this the increased 

volume of individuals along any given network also help to increase the network size and 

access to it. Thus for the first individuals who migrate and begin to establish a network 

the risks are higher than for those who come via the same network later when there are 

many social ties, a formed community of common individuals, and also increased 

opportunity for employment, given the established positions that earlier individuals along 

the network have created (Kearney 1986; Massey et al. 1993). This increased 

development of a network also plays into the perception of movement, such that if an 

individual feels they can safely travel and have support along the route to a location 

where they are likely to get a job and be socially satisfied, then the perception of this 

move is likely to be encouraging and positive (Anthony 1990, 1992, 1997; Hakenbeck 

2008; Sager 2008; Berttell 2015).  

 It is important to make clear that when discussing networks used by individuals 

these systems are not necessarily rigid bounded paths (Wilson 1994). Though the concept 

of a network suggests a set course, it is not necessarily the case that the same routes are 
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taken by each individual. Rather one can conceive of networks of migration as a large and 

ever-expanding system of multifold nodes facilitating onward movement in which any 

given path can be equally repeated and altered by each subsequent migrant, and that with 

every individual a further node is potentially added to any given network of migration, 

allowing for continual expansion (Massey et al. 1993; Wilson 1994; Purcell 2005; Brettell 

2015).  

4.2.2.3Cost 

It is atypical for whole societies to move. It is much more common for certain segments 

of any given society to form a mobile “class” (Burmeister 2000). Human mobility, 

spanning the gamut from short term to permanent migration, is costly and is not always 

possible for all individuals (Grawert 1994). Excluding forced migrations (e.g. slavery) 

most individuals in societies facing economic hardship are increasingly less likely to be 

able to easily migrate (Noy 2000; Woolf 2013). 

Migration is costly as the individual and/or group must be able to sustain 

themselves while moving (e.g. food, transportation, shelter, supplies, etc…). Migrants 

may sacrifice an income at their primary residence and may have a lag period in which 

employment and income at the final migration locale is not forthcoming upon arrival 

(Grawert 1994; Burmeister 2000). These difficulties can be costly and require a degree of 

monetary stability before an individual can undertake such a movement.  

Conversely, there are also individuals who choose to migrate but do not have the 

appropriate funds. Such individuals may choose to move for countless reasons, often for 

safety or the hope of better employment/life (Castles and Miller 1993; Brettell 2015). 

Individuals who do not have enough initial funds to facilitate their movement may take on 

debts/borrow money to make the journey. This approach to migration can be a gamble in 

terms of being able to effectively pay back debts, which when not paid can result in 

significant financial setbacks and potential harm to the individual (Castles and Miller 

1993; O’Connell Davidson 2013).  

 Migration also brings non-monetary costs. Ortega Munõz (2015) discusses the 

costs of migration in regard to potential death and physical harm along the route. 
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Migrants may face precarity due to false information, potentially resulting in encounters 

with disingenuous and abusive local hosts, employers, and/or the general receiving 

community (O’Connell Davidson 2013; Lewis et al. 2014). Acculturation may also be a 

cost. Though a much slower and subtle process, migrants may consider the costs of what 

their lives will be like outside of their home cultural settings as well as having to deal 

with new and potentially unexpected cultural norms at the migration locale (Manning 

2005; Massey et al. 1993; Ortega Munõz 2015).  

The cost of migration is intimately linked with the previously discussed notion of 

migration networks. Migration networks can significantly reduce, though not necessarily 

remove, the costs of migration. These networks often provide a degree of cultural 

continuity as well as shelter and local information, which has the potential to be paid for 

with informal labour (e.g. babysitting, farm labour, etc…) allowing migrants to save 

money, progress to their final destination at a reduced cost, and also potentially reduce 

culture shock (Brown et al. 1970; Fields 1975; Boyd 1989; Eades 1993; Pauseback 1995; 

Burmeister 2000; Junankar and Shonchoy 2013). 

4.2.2.4-Migration: Males and Females 

Migration research has historically and disproportionately focused on adult males, while 

female migration has traditionally been framed as being for purposes of family 

reunification, or to join males who previously migrated (Davis 1977; Marel 1980; 

Houstoun et a1. 1984; Pedraza 1991; Du Toit 1990; Burmeister 2000). This assumption is 

based on the notion of gender-specific selectivity of migration, where men are more likely 

to migrate for work than women, and where men are more able to migrate than women 

when assuming social models in which women are mainly responsible for children and 

the domestic realm (Houstoun et al 1984; Perdraza 1991).  

 This perspective, however, on who migrates remains difficult to align with 

modern and increasingly globalized evidence of female migration. If the United States of 

America is used as a model, after 1930, and for over half a century now, women have 

annually outnumbered men as legal immigrants (Houstoun et al 1984; Pedraza 1991). On 

a global scale, female migrants appear to be almost equal to male migrants according to 
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estimates published by the World Bank that identify female migrants as 46.7%48.4% of 

international migrants for the period from 1960 to 2010 (Ehrenreich and Hoschschild 

2002; Morrison et al. 2008; Sharpe 2014).  

 With globalization female migration has become increasingly visible and driven 

by economic motivations (Van Hulst 2000; Sharpe 2014). This is not to discount the 

likelihood that female migration was taking place in antiquity, as isotopic research has 

increasingly shown (see Prowse et al. 2007), but rather to show that theories of female 

migration have transitioned away from being almost exclusively conceptualized in terms 

of being undertaken to join a male spouse and have increasingly focused on economic 

motivators as well as independent female migration, models which may be of significant 

use to developing frameworks of female mobility in antiquity.  

A large portion of this increased female migration in the modern era has been a 

result of the demand for domestic workers and workers in medical and related fields (Lan 

2006; Sharpe 2014). This has resulted in a number of different migration plans for 

females and their families. On one hand there are females leaving a home location for a 

foreign job in which the employment, often domestic work or nannies, prohibits 

movement of an entire family and thus to fulfill the contract females must move alone 

(Sharpe 2014; Lan 2006). In other scenarios, such as Japanese nurses living in Brazil 

moving back to Japan for employment, whole family migration has become common 

(Yamanaka 2000; Brody 2002).   

 From the migration literature it is clear that although a disproportionate focus has 

been placed on the migration of young economically motivated male individuals, there is 

significantly more nuance to who moves and why (Burmeister 2000). There are of course 

instances in which male migration outnumbers female migration and vice versa. The 

point being made here is that greater balanced consideration of who migrates is needed 

for all periods of history under consideration, as it is clear that both males and females 

migrate. It seems more reasonable to admit that humans are mobile and that the sex of 

who moves and the situations in which they move can vary widely, and as such each 

situation requires independent consideration.   
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4.2.2.5Migration Paradigms 

Taking into account the information discussed above, human mobility and migration in 

the literature is commonly discussed in terms of three macroscopic models: 

modernization theory, dependency theory, and more recently transnationalism (Kearney 

1986, 1995; Brettell 2015). These three models form the core of the discussion presented 

in this section.  

4.2.2.5.1Modernization Theory 

Modernization theory proposes a system in which rural to urban migration and 

subsequent backflow to home locations results in the progressive modernization of the 

rural landscape through the introduction of new, and supposedly superior, ideas and 

economic investments (Redfield 1941; Kearney 1986). Developing in the 1940s and 

1950s, during an era of increasing industrialization, and remaining the key paradigm of 

migration into the 1970s, Kearney (1986) comments that modernization theory is 

essentially psychologistic, individualistic, microeconomistic, and ahistoric, putting the 

emphasis on individual actors and the role they play in microeconomic alterations of the 

“pre-modern” (i.e. rural) landscape into the “modern” (i.e. urban industrial) landscape.   

Modernization theory at its core suggests a balance of labour to employment, 

where individuals from regions with little employment and abundant labor migrate to 

regions with abundant employment and limited labor, thus striking an equilibrium that 

benefits both regions (Brettell 2008, 2015). Following this move it is possible that the 

migrants will return after some time to their home location to employ the new skills they 

have learned and/or will ostensibly send funds back and invest in their home location, 

thus contributing to its “modernization” (Brettell 2008, 2015).  

 Modernization theory has been strongly criticized for being Eurocentric and for its 

conceptualization of residence zones into an “us-and-them” model, in which urbanization 

is meant to progressively overtake the ostensibly lesser and parochial qualities of rural 

economies, where civilization is being given to the uncivilized (Kearney 1986; Brettell 

2015). Modernization theory has also been criticized for what is a fairly narrow 

perception of how applicable skills learned in the city will be transferable to the rural 
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landscape and how migrants to the city spend their money (Brettell 2015). It is assumed 

that through remittances home and/or investment at home development will be facilitated 

(Cohen 1978; Gullette 2009, 2012, 2013). However, several researchers have argued that 

remittances can be limited and the purchase of self-sustaining items and luxury goods by 

the migrant at the migration locale is often pursued in preference to investment in 

development projects in the home community (Rhoades 1978; Gmelch 1980; Donnan and 

Werbner 1991; Gardener 1995).  

In an attempt to reduce the “us-and-them” dichotomy several researchers propose 

more integrative systems to rural-urban migration, such as Uzzell’s (1979) “social village 

spread over thousands of miles,” Whiteford’s (1979) “spatially extended communities,” 

and Lomnitz’s (1976a) “ecological model.” These alterations of the modernization model 

hint at the later development of transnationalism theory (see below) in which instead of 

forming an “us-and-them” model, migrants from rural locations form a conduit to the 

urban locale, thus creating a social link between the two places resulting in the so-called 

social village spread over thousands of miles (Uzzell 1979; Kearnery 1986). 

4.2.2.5.2Dependency Theory 

Dependency theory in migration research is presented as the converse perspective of 

modernization theory (Kearney 1986). Where modernization theory looks at migration 

and development from the urban perspective and is based on microeconomic situations 

leading to variable development for any given region, dependency theory considers 

migration macroscopically in terms of the effects it has on the peripheral society. It is 

toted as a theory that looks at the “development of underdevelopment,” in which 

peripheral regions (i.e. rural areas, underdeveloped nations, etc…) are exploited to meet 

the needs of the core (i.e. urban areas, developed nations) (Frank 1967; Kearney 1986; 

Deji 2012). Often linked with the work of Hans Singer and Raúl Prebisch, dependency 

theory developed in the 1950s as a Marxist counterpoint to modernization theory, in that 

dependency theory highlights the inequalities of the periphery-core dynamic and stresses 

that for this dynamic to change the periphery must strive to break ties with the core 

(Singer 1949; Toye and Toye 2003; Deji 2012). 
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Dependency theory focuses on the macroeconomic level of national and 

international demands for meeting economic needs and how migrants from various 

regions interplay with these demands (e.g. wealthy nations continue to gather wealth 

while poorer nations are exploited for material and human resources, providing cheap 

resources and labour to the core while contributing to continued underdevelopment and 

brain drain of the periphery) (Kearney 1986; Brettell 2008, 2015; Deji 2012). 

Dependency theory sees the exodus of viable labourers from the rural periphery to take on 

jobs in the urban core that can then help support their home locale (Brettell 2008). Unlike 

modernization theory in which urban migration is ultimately believed to spur 

development of the rural periphery, dependency theory assumes that the periphery is used 

to sustain the core and in the meantime creates a dependency of the periphery on 

remittances and limited economic gain provided from the core (Kearney 1986; Brettell 

2008). While it is believed that emigration from the periphery to better paying jobs and 

increased opportunity in the core will help the home community, in reality it is often 

detrimental, as laborers who can fill jobs at home leave resulting in a decrease in 

production ability at the home location and the imposition of tasks upon individuals who 

remain in the community, both increasing the burden of labour shortages and decreasing 

the number of individuals potentially able to fill any given position (Brettell 2008, 2015). 

With the decrease in production ability and working age residents at the home locale 

individuals and regions become dependent on emigrants and aid program remittances to 

sustain their community (Kearney 1986). Though useful as a theory that helps to identify 

potential instances of exploitation and reasons for migration, dependency theory has 

largely disappeared as a model of migration, criticized for being difficult to operationalize 

and for oversimplifying what is a much more complicated issue of economic development 

and underdevelopment (Kearney 1986; James 1997).  

4.2.2.5.3Transnationalism 

Transnationalism attempts to move beyond binary models of periphery-core by 

suggesting that the process of migration and related economic structures can be more 

readily conceptualized in terms of interactions with extended communities and global 
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mobility (Glick Schiller and Caglar 2011; Ross 2013). In this way transnationalism looks 

at the larger social picture. Connectedness, in a real physical sense, between home and 

away remains a key aspect of creating larger social fields of interaction between migrants, 

often referred to as transmigrants, along migration routes, where relationships, 

communication, and returns of remittances are variously maintained and periodically 

altered with new migration locations and interactions making home and migration locales 

one and the same in a larger social field, rather than uniquely separate spheres of 

interaction (Tilly 1978; Margolis 1995). Ross (2013) identifies this relationship as triadic, 

in which transmigrants are linked to one another by common social dynamics as well as 

to their home and migration locales (Glick Schiller et al. 1992).  

The development of transnationalism perspectives in migration theory began in 

the 1990s in opposition to larger models of migration that fit individuals into places and 

processes rather than seeing individuals as being in flux, as modifiers of social 

developments in multi-dimensional global space with unbounded, often discontinuous 

and interpenetrating sub-spaces (i.e. individuals can fulfill more than one social role and 

space) (Appadurai 1991; Kearney 1995; Rouse 1995; Killgrove 2010a). Within the 

principles of transnationalism actors modify their surroundings and become players in 

shaping the realities of the settings in which they reside (Morawska 2003; Glick Schiller 

and Caglar 2011; Brettell 2015). In this way transnationalism presents a perspective in 

which the landscape is developed and modified by individuals and community 

shareholders. Individuals operate in social fields that transgress geographic, political, and 

cultural borders providing a context through which larger social issues such as diaspora 

communities and the interaction and integration of diverse groups within society can be 

investigated (Brah 1996; Vertovec 1997, 1999, 2001; Anthias 1998; Van Hear 2010; Ross 

2013). Transnationalism focuses on aspects of the larger global social fabric, providing 

avenues for novel theorizations of space and place where the inter-connectivity of home 

and away is stressed rather than made into an arbitrary dichotomy (Basch et al. 1994; 

Laguerre 1998; Brettell 2015).  
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4.2.2.5.4–Diaspora Theory 

Often discussed in tandem with transnationalism, diaspora theory examines community 

formation in migration locales among individuals of a common region or heritage who 

reside outside of their homeland (Butler 2001). Diaspora communities have variably been 

referred to as exile communities, sojourners, and overseas communities, re-enforcing the 

nature of these communities as having formed from some type of strife or exodus, of 

various origins, resulting in migration and community formation in a migration locale 

often with no opportunity for continued contact or return to the original location of origin 

(Butler 2001; Ross 2013; Bertz 2015). Unlike transnationalism where the individual 

remains interconnected between a migration location(s) and a homeland, maintaining ties 

in both areas and along the route, diaspora theory focusses on the maintenance of a 

connection to either a theoretical homeland, which may no longer physically exist or may 

be rooted in an ancient heritage, or to an actual country or region that still exists but from 

which individuals were made to leave and are unable to return (Armstrong 1976). This 

conception of diaspora remains the key theoretical framework of investigation, though it 

is also evident from the diaspora literature that there is no one singular definition that 

encompasses the entire conceptualization of what “diaspora” is and how it is manifested 

or should be categorized, lending a wide latitude of usage and interpretation to the term 

(see Butler 2001; Bentz 2010; Eckardt 2010; Bertz 2015).  

Lilley (2004, 2006) discusses diaspora theory as a model for creating and 

maintaining identity in communities dispersed amongst other people, where one 

maintains a strong emotional but lack of physical connection to a homeland that one 

ostensibly wishes to return to but cannot. Braziel and Mannur (2003) contend that 

transnationalism has more to do with the movement of people and goods in relation to 

economies and capitalism, whereas diaspora has more to do with the displacement of 

people regardless of economic or capitalistic factors (Ross 2013). In this way 

transnationalism and diaspora are superficially different, though it is evident that the two 

categories need not be mutually exclusive as there is significant potential for overlap 

(Appadurai 1996; Vertovec 1997, 1999, 2001; Sanjek 2003; Van Hear 2010).  
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 Seeking to move beyond binary models of diaspora, migration theory has turned 

towards looking at the experience of individuals and sub-groups within diaspora 

communities. Though individuals in a diaspora community may share a common 

background they do not necessarily experience the diaspora location in the same way. 

Integration within a migration location is mitigated by social factors and can result in 

hierarchies for various reasons, such that highly educated, wealthy, and high status 

individuals often have a smoother experience of migration, fitting themselves into 

generally higher social and employment positions, while individuals with less education 

and lack of initial wealth often have a migration experience of greater precarity (Brah 

1996; Anthias 1998; Butler 2001; Cohen 2008; Brighton 2009). 

 Diaspora theory has historically been largely absent from archaeological inquiries, 

focusing mainly on African diaspora and more recently Irish and Asian diasporas (Lilley 

2004; Ogundiran and Falola 2007; Ross 2013). In 2010 a volume edited by Hella Eckardt 

appeared on diaspora in the Roman era. The papers in this volume investigate migration 

within Roman contexts from numerous regions and time periods using epigraphy, burial 

style, isotopes, aDNA, and skeletal morphology. This volume marks a novel departure 

within Roman archaeology in that it provides a synthesis of multiple lines of evidence 

that are not often presented together. However, despite the high caliber of migration 

research presented in these papers, this volume ultimately falls short of its goal of 

providing a synthetic investigation of diaspora communities in the Roman era. This 

criticism is not meant to cast aspersions on the research in this volume, but rather to point 

out the difficulty of looking at diaspora in the past. Though it is apparent within each 

paper that mobility was a key factor throughout the Roman era none of the papers truly 

attempt to develop a diaspora perspective on Roman migration, with perhaps the closest 

approximations being provided by Webster (2010) and Hingley (2010), nor present 

compelling evidence of cohesive diaspora communities or evidence to suggest that the 

individuals who migrated wished to maintain a particular connection with their respective 

homelands. The paper by Noy (2010) uses the case of Barates of Palmyrene origin and his 

wife Regina of Catuvellaunian origin to discuss documentary evidence of homelands and 
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migration, though even here it is not clear if this evidence simply points to these 

individuals wishing to make their heritage known or if they were truly part of a diaspora 

community, the evidence simply cannot say one way or the other. Further to this point is 

the issue of identifying specific diaspora communities. Noy (1998, 2000) and Tacoma 

(2014), looking at evidence for Jewish communities in Rome, both conclude that though 

there is some basis to suggest settlement clustering of Jewish groups within Trastevere at 

Rome there is equally evidence of Jewish individuals living and being buried elsewhere 

in the city, making ambiguous at best any evidence of diaspora. This presents the even 

more difficult to answer question of “are diaspora communities formed simply by the 

identification of group clustering or must the clustered group in and of itself identify with 

a diaspora mentality, and how can this be determined in antiquity?” That Roman migrants 

identified at a distance from their homeland are in some way part of a diaspora is a 

difficult argument to support. Conceptions of diaspora in antiquity are often framed in 

terms of it being impossible for transnationalism to have existed given limitations to 

keeping in contact with a homeland, yet there is evidence of maintained connectivity in 

the form of Roman soldiers stationed in Vindolanda sending letters home (Bowman, 

1998), as well as evidence of individuals sending money back home (Andreau, 1999), 

supporting the argument that transnationalism did exist in ancient Roman society. Though 

this section has been critical of diaspora theory in Roman contexts, it is not meant to 

discount or discourage investigations of ancient diaspora but rather to re-enforce that 

evidence of diaspora needs to be compelling and is often difficult to identify.  

4.3Archaeology and Migration: A Brief Overview 

Early conceptions of cultural interaction and diffusion in archaeology are commonly 

associated with the classificatory systems developed by Thomsen (1836) and Montelius 

(1899, 1903), who employ the ex oriente lux theory of cultural diffusion in which ideas 

and methods of production gradually spread from the East into Europe (Trigger 1997). 

This premise of cultural diffusion is a hallmark of archaeological inquiry in the first half 

of the 20th century, being developed upon in the “archaeological type cultures” of Gustaf 

Kossina (1911) and the works of V. Gordon Childe (1925, 1929, 1950), both of whom 
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provide models for examining migration and diffusion of bounded “cultural groups” from 

archaeological evidence (Anthony 1990).  

Such models of identifying cultural change fall squarely within the cultural-

historical model of archaeological paradigms (Trigger 1997; Woolf 2013). Culture-

historical models of migration use artefacts and site traits that are believed to be 

ethnically diagnostic to trace presumed instances of migration (Hakenbeck 2008; Wells 

2013). Though these early models of gauging cultural interactions and migration saw 

significant use, being the main paradigm for explaining cultural change into the 1970s, 

they ultimately suffered from the assumption that certain archaeological materials (e.g. 

pottery, house architecture) are inherently indicative of an “ethnic group,” overstating the 

bounded nature of cultural groups and neglecting the potential for the diffusion of ideas 

but not necessarily people (Anthony 1990; Burmeister 2000; Frachetti 2011; Woolf 

2013). This phase of migration research within archaeology sees migration as generally 

chaotic and poorly understood, often linking cultural change with large scale invasions or 

waves of mass cultural group migration, a type of migration that is uncommon, as free 

migration in any given time period and group is most often undertaken by a small and 

select portion of the population (Vajda 1973-74; Rouse 1986; Anthony 1990; Chapman 

1990; Hakenbeck 2008). 

Realizing the limitations of a model that is based predominantly on the perception 

of migration as fairly rapid large-scale influxes of typological migrant groups, migration 

fell out of favour as an explanatory model of change within archaeological inquiry 

(Anthony 1990; Härke 1998, 2004). Yet as Clarke (1975) argues, so long as archaeology 

is concerned with the people who made the items recovered and not just the items 

themselves it is important to try and contextualize who produced these items. 

Methods for examining migration within archaeological contexts changed 

significantly in the 1970s under the processual paradigm of archaeological inquiry 

(Anthony 1990, 1992, 1997; Härke 2004). In this period, investigations of migration 

shifted from identifying archaeological “types” to contextualizing migration through 

ethnographic and analytical quantitative models (Trigger 1997; Burmeister 2000). It is at 
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this time that the rise of methods such as archaeogenetics and stable isotopes, among 

other approaches, begin to see use for tracing the potential origins of individuals 

identified at archaeological sites (Härke 2004; Hakenbeck 2008). These chemical 

indicators, among other quantitative measures, can be used to identify actual migrants and 

migration regions, as opposed to previously criticized attempts to infer migrants from 

artefacts and site types (Härke 2004; Hakenbeck 2008).  

Moving beyond purely analytical approaches, more recent attempts at using 

chemical methods of identifying migration have sought to ground interpretations in larger 

social theories (e.g. diaspora, transnationalism, etc…), fitting individuals into larger 

discussions of context and history (Hakenbeck 2008). This era of post-processual 

modeling seeks to examine migration from multiple angles, moving beyond simple types 

and points of origin to provide greater problematization of who migrated, why migration 

was occurring, and how larger social issues of antiquity can be engaged (e.g. Killgrove 

2010 a,b; Prowse et al. 2010a; Perry et al. 2011; Woolf 2013). 

 A criticism of archaeological migration research is a lingering question of the 

differences between pre- and post-industrial era migration (see Zelinsky 1971; Rouse 

1986). The argument is situated in the uncertainty of whether industrial era migration is 

so drastically different in its nature as to be incomparable to pre-modern migration 

(Anthony 1990). The answer must be no. With increasing research and evidence from 

demography, epigraphy, grave goods research, genetics, isotopic methods, and various 

other fields (e.g. Noy 2000, 2010; Helttula 2007; Prowse et al. 2007, 2010a; Pearce 2008, 

2010; Hin 2013) it is clear that though the volume and frequency of migration may have 

been different, the core concept that migration was a common event of life remains 

evidently true.  

4.4Ancient Roman Migration 

4.4.1Conceptualizing Migration In the Roman Era 

Migration and mobility form an integral part of the development and expansion of the 

Roman Empire (Scheidel 2001; Hin 2013). Moatti (2006) suggests that instances of 
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migration began to increase during the late Republic and into the Principate era as a result 

of the generally peaceful nature of the pax Romana allowing for easy mobility between 

regions. Textual accounts of migration by Roman authors note that migration took place 

throughout Italy and the empire with Rome being the ultimate migration destination, a 

migration process noted by Tacoma (2014) as involving people of all statuses on a 

massive scale and being an extremely unruly phenomenon (Hin 2013).  Pliny (Natural 

History, 37.201), in attempting to justify the draw of Italy notes the beneficial climes of 

Italy, being easily reached by many peoples from many regions, its shores abounding 

with harbours, favourable winds and favourable light (Horden and Purcell 2000). Noy 

(2000) attempts to provide a degree of contextualization of several general trends of 

migration to Rome by looking at who was moving where, and from where, based on 

epigraphic and textual accounts. Noy (2000) notes that there were likely people moving to 

Rome from all conceivable areas of the empire. The majority of provincial soldiers who 

died and were commemorated at Rome and, to a lesser degree, civilian immigrants, were 

from Pannonia (Hungary), Germany, and Thrace (Bulgaria) (Noy 2000). Documented 

civilian immigrants at Rome commonly came from older provinces such as Gaul, 

Hispania, Egypt, and Asia Minor (Noy 2000). In later periods, Christian immigrants to 

Rome came mostly from Greece, Syria, and Palestine (Noy 2000; Killgrove 2010a), 

showing the multiplicity of known regions from which individuals emigrated.  

As for the population of Imperial Rome, this remains highly contested with 

estimates ranging from 700,000 to 2 million, with a proposed average of just under 1 

million between the 1st3rd c. CE (Huttunen 1974; Frier 2001). The total population of 

Italy, inclusive of slaves, has been estimated at between 6.212.1 million based on the 

census of 28 BCE (Hin 2013), with estimates approaching 1416 million during the era 

of Augustus (ca. 27 BCE14 CE), and potentially increasing to 20 million by 47 CE, 

though this drastic increase may be more readily attributed to the granting of citizenship 

and manumission than to natural mechanisms of increase (Lo Cascio 1994a,b; Scheidel 

2007). The total population of Imperial Roman territory is estimated to have risen from 

~50 million in the time of Augustus to ~70 million in the era of Marcus Aurelius (ca. 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 99 

161180 CE), and possibly even higher depending on the assumed density of settlements 

and the method of population estimation employed (i.e. high-count) (Scheidel 2007; 

Garnsey and Saller 2014). For all of these population estimates it is evident that there is 

no clear consensus as to what the overall population of any given Roman region at any 

given time was.  

Such logical estimates have been derived for the sake of approximation in 

attempts to be able to investigate further the social and demographic diversity of the 

Roman Empire (Hin 2013). Killgrove (2013) points out that various treatments of Roman 

mobility assume that most migration was short-distance and that adults, particularly 

women, lived their lives in roughly a 30 km. radius of their birth. Though this assumption 

is arguable, what is clear is that migration was occurring throughout the vast territory of 

the Roman Empire and that individuals were coming from all regions of Roman territory. 

Yet actual numerical values of the number of immigrants and the distance of movement 

to any one particular location in the Roman era are lacking, making qualifications of 

textual accounts and demographic estimates of mobility challenging (Hin 2013).  

Given the presumed preference for migration to Rome, and the necessity of 

emigrants to Rome to avoid urban graveyard effects (i.e. when deaths outstrip births 

resulting in negative population growth), a large amount of the Roman migration 

literature focuses on migration to Rome and surrounding areas (e.g. Ostia), with less, 

though still significant discussion of migration and mobility in the territories (Moatti 

2006; Killgrove 2010a). It is known that migration into Rome and ostensibly Roman 

territory had restrictions. In terms of settling in Rome, Moatti (2006) notes that there were 

various stipulations and criteria that immigrants had to meet. Foreign students at Rome 

required specific paperwork and a time limitation of two years was imposed. Though 

several accounts have testified to the relatively free nature of movement in the Roman 

territories (Whittaker 1989) there is evidence to the contrary, testifying that movement 

was not just heavily regulated at Rome but also, to varying degrees, in and between the 

outlying territories (Moatti 2006). Both Tacitus and Cassius Dio directly discuss 

regulations placed on German merchants, while ostraca from the limes Tripolitanus 
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further document restrictions placed on movement of certain tribes between Roman 

territories (Moatti 2006). Though these controls may not have been universally applied to 

all peoples and may have been specifically targeted at certain “Barbarian” tribes, they 

nonetheless show that mobility was not entirely fluid and free in the Roman Empire 

(Moatti 2006). We even see examples of threats of exile to those who aid or harbour 

individuals illegally entering or residing in Roman territory (Moatti 2006).  These 

restrictions mostly apply to individuals outside of the Empire and non-citizens. Mobility 

within the Imperial territories by Roman citizens surely would have been easier in terms 

of freedom of movement (Whittaker 1989; Hin 2013; Tacoma 2014). Here again though, 

we see that certain limitations and restrictions to migration may have hindered or 

prevented truly free mobility from the territories. We know from Woolf (1998) and 

Goudineau (1996) that the ability of individuals from outside of Rome to stand for 

election to magistracies in Rome was granted only under Augustus and Tiberius in 14 CE, 

while the liberty of Roman senators to move without permission was only granted in 49 

CE, providing evidence that active restrictions on who could move into Rome and control 

of where Roman citizens could freely move remained a fact into the Imperial era.  

Unlike other periods of history where there were large landless classes of 

individuals, leading to perpetual mobility, Erdkamp (2008) argues that mobility in the 

Roman era was most often undertaken for work or for the purpose of establishing a new 

residence, as Roman peasants more often owned land with fewer landless laborers and a 

generally smaller labor market (Smith 2014a). Roman migration is known to have been 

socially heterogeneous, not only confined to the lower classes of society emigrating for 

better livelihoods elsewhere. Rather, Roman migration encompassed elements from all 

sections of society, both for the purpose of bettering one’s life station and arguably as 

stakeholders in the Empire (Tacoma 2014). Stakeholders in the sense that countless 

individuals migrated as part of the expansion of the Roman Empire, settling in newly 

acquired territories, while others moved to take on administrative or entrepreneurial roles 

in various regions of the Empire (Goudineau 1996; Sweetman 2011; Woolf 2013). 

Conversely, it is also well known that a large degree of migration in the Roman era was 
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forced, expelling conquered individuals from their homeland, enslaving others, and 

moving Roman settlers onto newly acquired lands (Tacoma 2014). 

 Identifying specific regional groups (i.e. foreigners) in Roman contexts remains a 

perennial challenge, as it is not typically possible to accurately isolate nonlocal 

individuals simply from their appearance in death (see discussion below). Aside from this 

limitation, the problem of identifying nonlocal individuals is further mired by the fact that 

there is only limited evidence of group clustering. Tacoma (2014) notes that there is no 

solid evidence of migrant clustering in Rome, both in the ruins and written sources. The 

closest example of immigrant clustering proposed by Tacoma (2014) is that of the Jews of 

Travstevere, a neighbourhood in Rome. However, despite the increased concentration of 

Jewish settlements in this area, the Jews of Trastevere lived among many other groups of 

people and thus aside from an increased density the identification of Jewish settlement 

“clustering” is minor if not nearly invisible. It is argued that the degree of occurrence and 

diverse nature of Roman immigration actively prevented the development of stronger 

forms of residential segregation (Noy 2000; Tacoma 2014). As Killgrove (2014) points 

out, physical mobility within the Empire was high and immigration was by no means 

exclusively unidirectional. 

4.4.2Getting to Rome 

The territorial size of Imperial Rome was unparalleled in Europe until after the industrial 

revolution (Killgrove 2010b). The city of Rome was a key location to which migration 

occurred and an area for which significant evidence is available (e.g. census data, 

epigraphy, literary accounts) and for which disproportionately greater amounts of 

research has been conducted in comparison to other regions of the empire. This is to say 

that at present it is difficult to gauge the proportions of migration to various regions of 

Imperial Roman territory given the historic focus of migration research on Rome. It 

remains uncertain as such if Rome was the main goal of most migrations or if we simply 

have the greatest amount of information at present about migration to Rome (Noy 2000). 

In any case it is certain that migration was occurring in various forms and on a 

significantly large scale in the Imperial Roman era. With the Pax Romana and expanding 
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road networks in the Imperial Roman era mobility to distant parts of the empire and 

beyond became increasingly feasible (Noy 2000; Williams 2001). Yet there remains 

comparatively little information on how individuals physically moved across the 

landscape (Horden and Purcell 2000; Noy 2000). The greatest information available 

relates to movement towards Rome proper (Horden and Purcell 2000), for which Noy 

(2000) estimates the percentage of free migrants in the 3rd CE at ~5%, with 2% being 

soldiers and their families and 3% civilian immigrants. These estimates however are 

derived by Noy (2000) from epigraphic and textual evidence, which has a significant bias 

in terms of what is preserved, who could afford epitaphs, and what they record, as well as 

the extent, thoroughness, and accuracy of official recording. Hin (2013) argues that this is 

the case because Rome in all reality was likely the main migration destination and 

because, even though migration was occurring throughout the reaches of Roman territory, 

migration into the provinces is believed to have been comparatively small, though this 

remains an unsubstantiated assumption at present.  

 Movement to Rome would have been undertaken either overland or by sea. Sea 

travel was the fastest and most direct means of travel, given the close proximity of Rome 

to the coast (Horden and Purcell 2000; Westley and Dix 2006; Gambin 2012). The cost of 

travel by sea was also relatively cheap and in many cases adult male passengers could 

work for their passage (André and Baslez 1993; Horden and Purcell 2000; Noy 2000; 

Gambin 2012). It is unclear if male passengers could work for the passage of an entire 

family or simply for a single fare, while the literature tacitly implies that women and 

children would have paid a fare as there are no accounts of similar work-for-fare 

situations, though it remains possible that this option may also have been available to 

women and children and is simply not overtly documented in presently available sources. 

Gambin (2012) discusses sea route migration in practical terms noting that there is 

evidence that the various small Mediterranean islands were used both as markers along 

the route as well as short-term stopovers, where supplies could be re-stocked, respite 

taken, and protection from storms sought. Though it is well established that these islands 

were used, the precise routes on which they were incorporated is poorly understood 
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(Arnaud 2005, 2012). The emigration route to Rome thus likely started through a process 

of island hopping leading to the Italian peninsula. Noy (2000) notes that it took ~30 days 

to get to Rome from Egypt, an estimate that one could also cautiously apply to maritime 

travel of equal distance from other points around the Mediterranean. Sea routes though 

parsimonious were far from a guarantee of safety. Sea storms, dangerous tides, 

unexpected reefs and shoals, as well as potential pirate attacks were continual threats to 

sea going vessels (Gambin 2012). 

 Having successfully arrived at the Italian peninsula a number of gateway cities 

were used by emigrants to enter before heading to Rome. The ports of Ostia, Portus, 

Puetoli, and Brindisi served as initial introductions to life on the Italian peninsula (Noy 

2000). Aside from their key role as maritime ports and centres of Roman trade, these 

coastal cities were also migration hubs and bottlenecks, where travelers going to Rome 

would have to navigate and negotiate onward passage (Horden and Purcell 2000).  

Though this type of migration information is best documented for immigration to 

Rome it is not unfathomable that a similar process was in place for migration to other 

points of the empire, wherein potential emigrants would have to decide which route 

(overland or by sea) they would take, as well as how they would negotiate onward travel 

once they arrived at the coastal port destination. This process of negotiating passage and 

taking into account the viability as well as the perception of such processes is a 

ubiquitous feature of voluntary migrations throughout history (Moatti 2004; Moatti and 

Kaiser 2007; Constantakopoulou 2007; Malkin et al. 2009; Woolf 1998, 2001, 2013).  

4.4.3Colonization 

With Roman territorial expansion came the establishment of Roman colonies (coloniae) 

and the development of provincial territories (Woolf 2013). Unlike the Greek apoikia in 

which colonies largely formed independent polities, Roman colonization saw the 

establishment of administratively maintained territories in which Roman settlers and the 

development of “Roman” infrastructure (e.g. Roman city planning, creation of 

monuments, etc…) was undertaken, helping to emphasize the “Romanness” of the 

migration destination and ostensibly to varying degrees facilitate the continuity of settlers 
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lifestyle abroad (Salmon 1969; Osborne 1998; Hurst and Owen 2005; Bispham 2006; 

Patterson 2006; Hin 2013; Woolf 2013). Though this development of a Roman 

appearance has been connoted with full integration into the Roman system it remains 

uncertain if the colonies were fully overseen, as Woolf (2011) points out there was no 

specific Roman government bureau responsible for overseeing colonial territories, with 

evidence that numerous territories were incorporated into the Roman empire through a 

change in name only (Lomas 2016).  

To populate newly acquired territories, in part, Rome made use of mass 

movements of people often settling discharged soldiers and their families, first in Italy 

and then in the provinces, establishing a Roman presence in conquered regions 

(Vittinghof 1952; Clarke 1975; Williams 2001; Sweetman 2011). Roman soldiers, under 

the Empire, typically served for 20 years or more making settlement in a territory in 

which they served a potential after their discharge given the extent of social integration 

that one might undergo during an extended residency, though this is not to say that all 20 

years would necessarily have been served in the same location (Woolf 2013). Expulsion 

of conquered groups and incentives for Roman settlers, such as land grants, especially 

during the wars against the Gauls of North Italy where thousands of families were settled, 

became a common practice for incorporating new territories (Goudineau 1996; Woolf 

2013). There is evidence of mass settlement of conquered tribes in the frontier zones 

(Woolf 2011). Between the foundation of Narbonne in 118 BCE and the end of Augustus’ 

reign, over 100 provincial communities had Roman colonialist settlers (Woolf 2011). 

Augustus (27 BCE14 CE) claimed to have settled more than 300,000 veterans by giving 

them land or money as reward for military service; Sulla (8280 BCE) purportedly gave 

Italian land to ~80,000 soldiers, while Caesar (4944 BCE) gave land to ~50,000 soldiers 

(Woolf 2011). It is clear from such estimates that significant Roman civilian settlement 

was also commonly undertaken in the provinces following territorial expansion (Woolf 

2013). Roman citizens were quick to seize new opportunities, moving to newly acquired 

territories of the Roman empire to expand existing businesses and to undertake 

entrepreneurial opportunities; we know of Italian potters moving to Gaul, Gauls moving 
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into the Black Forest, and Dalmatians into Dacia to exploit the newly acquired mines, 

among others who migrated to exploit opportunities in new territories (Dondin-Payre and 

Raepsart-Charlier 1999; Vallat 2001; Woolf 2013). 

 Such population movement is important in terms of looking at Roman migration 

as not only did the development of Roman provincial territories result in the movement of 

individuals from these regions to Rome or other areas of the Empire, either as slaves or as 

free migrants, it also resulted in the settlement of individuals from Rome and extant 

Roman territories into the new region (Woolf 2011, 2013). This type of expansion and 

settlement resulted in the vast diversity of the Roman Empire, creating situations of 

significant mobility between various regions (Osborne 1998; Hurst and Owen 2005; 

Woolf 2013).  

4.4.4Slavery 

When looking at migration in the Roman era, slavery has been a perennial difficulty. It is 

well known that Roman slavery was widespread and undertaken on a large scale, with the 

slave population of Imperial Rome constituting a significant minority group (Noy 2000; 

Scheidel 2005; Webster 2005; Tacoma 2014). However, calculating the number of slaves 

in Imperial Rome relies on demographic inferences derived from Roman censuses and 

textual accounts that are often difficult to interpret and may not be reliably accurate. What 

need be stressed here is that the figures derived for the size of the Roman slave 

population, and presented below, are not confirmable, but rather are estimates relying on 

numerous factors of calculation (i.e. birth rate, death rate, number of slaves captured in a 

given campaign, rates of manumission, etc…). Such Roman demographic data have the 

potential to introduce significant calculation error, resulting in contentious numerical 

variability between the respective models estimating the size of the Roman slave 

population and Roman demography in general. 

The proportion of the population represented by slaves at Rome has been 

approximated at ~30%40%, though other estimates have placed this number lower at 

~16.6%20% during the 1st c. CE (Huttunen 1974; Harris 1980; Noy 2000; Scheidel 

2005). The actual number of slaves in the Roman Empire however, is difficult to 
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approximate. There is consensus that the number was high, most likely over 1 million 

(Hin 2013). Scheidel (1997) suggests 6 million slaves in a population of 60 million on the 

eve of the Antonine plague (ca. 165180 CE), with estimates for Roman Italy ranging 

from 24 million (Scheidel 2005), to 1.23 million in the Augustan era, with ~10% for 

the provinces, based on an extrapolation from Egyptian slaves (Harris 1999; Scheidel 

1997; Killgrove 2010a; Webster 2005, 2008, 2010). Yet in terms of quantifying where 

individuals came from or tracking where they ultimately came to reside and were interred 

after death is much more complicated if not all but impossible (Noy 2000).  

We know that slaves came from all points across the Empire, as well as from 

warfare and piracy, forming a very heterogeneous group comprised of men, women, and 

in various instances (e.g. foundlings) children (Harris 1980, 1999; Noy 2000; Killgrove 

2010a). Where these slaves came from and in what proportion remains difficult to 

ascertain. There are various textual accounts of slaves coming from Cappadocia and 

Phrygia (Harris 1980). Yet as with so many texts, these accounts more often provide 

general and assumed details and are less concerned with the quantitative particulars of 

where slaves were actually coming from (Harris 1980). Two of the Punic wars (ca. 264 

BCE146 BCE) alone provided Rome with 75,000 slaves from North Africa (Bradley 

1994). The earliest non-Italian slaves were likely from Gaul and Hispania, while slaves 

from Germany, Dalmatia, Pannonia, and Thrace began to arrive at Rome in large numbers 

in the early 1st c. CE (Killgrove 2010a). It is estimated that ~500,000 new slaves were 

required by the Roman Empire each year for the period between 50 BCE and 150 CE, 

while there were likely ~1.5 million slaves living on the Italian peninsula at the height of 

Rome (Scheidel 2005; Killgrove 2010a). Scheidel (2005) estimates that 300,000450,000 

slaves were present at any given time in the city of Rome, with an approximated 300,000 

in other major Italian cities such as Pompeii, while ~600,000 additional slaves were 

involved in agriculture in rural regions of Italy (Scheidel 2005). Harris (1980, 1999) 

contends that most Roman writers believed the slaves they encountered, apart from 

vernae (the offspring of slaves), arrived at Rome from the provinces and not from outside 

the empire, suggesting a robust internal supply of slaves (Scheidel 2004, 2005; Woolf 
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2013). This point is made further by Harris (1999) who suggests that slaves would have to 

be constantly imported to satisfy Roman demands as it would not be possible to sustain 

the required number of slaves through the birth of vernae alone.  

How then were slaves acquired? Harris (1999) proposes five possible routes: 1) 

children born to slave mothers (vernae), 2) persons enslaved in provincial or frontier 

wars, 3) persons imported across the frontiers, 4) the ‘self-enslaved,’ a form of Roman 

slavery in which individuals could self-enslave themselves for a period of time, typically 

due to financial hardship, and 5) abandoned infants (i.e. foundlings). It is also likely that 

the major sources of slaves changed over time, with increasing territory and respective 

depletion of older sources, thus it is expected that a multiplicity of regions would be 

represented in any slave holdings, of which Roman society had notoriously many (Woolf 

2013). 

 What one must take away from this discussion of slavery is that slaves represent a 

significant unknown in Roman society. It is clear that there were many slaves in the 

Empire, but as to how these individuals can be identified in death remains challenging. 

Many slaves were manumitted, with some estimates placing manumission as low as six 

years after enslavement (Harris 1980, 1999). Among manumitted slaves it was common 

to remain in the location of enslavement, typically Rome, rather than return to an original 

homeland (Noy 2000). In freedom many former slaves may not choose to have an epitaph 

commemorating their former enslavement (Noy 2000, 2010). In this way it is possible 

that countless slaves have been unknowingly recovered from cemetery excavations and 

their former enslavement unknown.   

4.5Identifying Migrants in Ancient Rome 

The question of “how do we conceptualize and identify migrants” in ancient Rome has 

lead to various avenues of inquiry (Horden in Purcell 2000: 382). The abundant amount 

of textual and archaeological evidence from Roman contexts has provided multiple lenses 

through which ancient population movements and interactions can be conceptualized. 

However, Rome is also an enigma in that it is difficult to speak of any one “Rome” as a 

whole unit (Ball 2000). As Horden and Purcell (2000) contend, it is theoretically 
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challenging to speak of the population of a city or region, given that on any given day 

there will be within the boundaries of a city or imperial territory hundreds of individuals 

who will not be there tomorrow, thousands who will not be there a year from now and 

tens of thousands who will have left the city over a decade. It has been suggested that in 

the Roman Imperial period ~40% of adult Italian males over age 45 would have dwelt in 

a place different to their birthplace (Pearce 2010). Hadji and Souvatzi (2014) argue that 

hyper-specialization in Mediterranean scholarship has resulted in insulated approaches 

that lack cross-disciplinary openness. It is in this sense that the methods used for 

identifying migrants in the Roman era have been problematized, as disparate methods 

used to gauge “foreignness” in ancient Rome have often lead to differing results that until 

recently have stood almost independently of one another (See Eckardt et al. 2010; 

Killgrove and Montgomery 2016).   

4.5.1Epigraphy and Literary Sources 

Epigraphy, especially epitaphs, and literary sources remain a key source of evidence by 

which foreigners can be identified in Roman contexts (Huttunen 1974; Noy 2000, 2010). 

Yet this method is not without controversy, as historically epitaphs have been 

disassociated from the interred remains of the individuals they commemorate, and a large 

number of inscriptions have simply been lost to time (Morris 1992; Prowse et al. 2010a; 

Alston 2014). There is also the concern of accuracy and intention of what is recorded and 

who is commemorated, a difficulty that Ball (2000) likens to believing what you see on 

television, in that textual evidence must be treated with due caution as it is not always 

free of bias. By its nature epigraphy can only address materials that have been preserved 

and the select aspects of society that were commemorated on those materials (Alston 

2014).  An argument has been made that the farther afield from Rome one looks for 

epigraphic data the less there appears to be, suggesting that the epigraphic tradition may 

not have fully dispersed throughout all of Roman territory (Pearce 2010).  Huttunen 

(1974) argues for a ratio of 66:1 for the number of residents of Imperial Rome compared 

to the number of epitaphs identified as of 1974, a ratio which has not likely decreased 
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significantly since that time, posing a disparity that further challenges the use of 

epigraphic materials for generalized inferences about Roman populations. 

Using epigraphy to identify “foreigners” relies on the recording of either specific 

geographical locations or regionally specific names/cultural elements (Salomies 2002; 

Helttula 2007; Bruun 2010). Regionally specific names can help identify potential cases 

of migration and social position, though caution is needed as regionally specific names do 

not necessarily imply foreign origins, but may simply be ancestral or family names 

(Maier 19531954; Salomies 2002; Noy 2010). There is also occasionally indirect 

epigraphic evidence of non-local individuals, such as the worship of foreign deities (Hin 

2013). Woolf (2013) discusses evidence of the storm gods of Syrian cities (e.g. Doliche 

and Heliopolis) being worshipped along the Danube and Rhine frontiers, which may 

suggest non-local soldiers being stationed in this region (see also Fulford 2010).  

Epigraphic evidence of migration remains the most likely in burial epitaphs, 

where individuals may choose to commemorate their place of origin (Huttunen 1974; 

Morris 1992; Noy 2000, 2010; Benelli 2001). It is only rarely, such as in the case 

presented by Noy (2010) on Barates of Palmyrene origin and his wife Regina of 

Catuvellaunian origin, that explicit geographic details are provided in epitaphs. It is also 

possible that there was a degree of stigma against certain homelands, in which case they 

may not have been obviously commemorated, such as Egypt. Egypt was a key source of 

Roman slaves, yet is notably unattested in extant epigraphic materials, suggesting social 

factors may have been at play in which geographic regions were recorded in epigraphic 

commemorations (Noy 2000). Noy (2010) argues that the lack of evidence for specific 

regional origins, particularly for second generation immigrants, may tie into the belief 

that individuals, at least those commemorated, would have been incentivized and 

benefited from adopting “Roman identities.”    

Specific geographic recording in epitaphs is most common among soldiers (Noy 

2000, 2010; Wierschowski 2001; Woolf 2013). Noy (2010) suggests that soldiers most 

often provided geographic locations in their epitaphs as soldiers who die while at a 

foreign post likely never truly intended to migrate there, thus the connection with a home 
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region was never lost. While, arguably, voluntary emigrants over time may come to feel a 

closer connection with their adopted homelands and as a result often do not explicitly 

commemorate a birthplace (Noy 2000, 2010; Killgrove 2010a,b). In rare instances 

epigraphic material can provide insights to multiple migrations, such as the epitaph 

discussed by Moatti (2006) of an artisan who made seventy-two journeys from Phrygia to 

Rome. However, not all individuals chose to or were financially able to provide epitaphs, 

and among those who could, many simply chose not to mention specific geographical 

origins or involvement with labor-related mobility (Noy 2000, 2010).   

Epigraphy is also faced with the fact that males are disproportionately represented 

over females and there is a distinct lack of epigraphic evidence for family migration (Noy 

2000). At Rome there are almost no freeborn female immigrants recorded (Noy 2000). 

From a study of pagan inscriptions Noy (2000) identified 76.7% of epigraphs as 

documenting males, whereas only 21.0% document females. Epigraphic evidence from 

Imperial Rome also rarely documents lower class individuals or slaves, all of whom made 

up a large percentage of immigrants (Killgrove 2010b).   

Literary sources can also provide insights into potential instances of migration. 

Though there are multifold literary sources recording various aspects of Roman life these 

sources commonly lack in practical details that can be used to investigate instances of 

migration. Literary sources are often distinctly biased, written with a motive either 

embracing the merits of migration, recording prestigious and “exotic” foreigners, or 

vilifying various foreign groups (Noy 2000; Vallat 2001; Woolf 2013). Other than noting 

that foreign individuals were present in one region or the other literary sources are 

surprisingly sparse in terms of the numbers of individuals migrating, the accuracy of 

migrant origins, the duration and nature of migration, as well as accounts of integration 

into the community (Clarke 1975; Noy 2000). It can be very difficult to gauge the 

honesty, let alone accuracy, of Roman literary sources, particularly given the 

preponderance of accounts by Roman elites and their associated elitist views (Noy 2000; 

Vallat 2001; Hin 2013). It is also extremely difficult to find any information regarding 
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more mundane migrations (e.g. related to work), even though it is clear from documents 

related to regulating trade that trade-related migration was ubiquitous (Woolf 2013). 

With all of these difficulties addressed it is not my intention to claim that there is 

no value in textual sources. Rather it is important to know what can and cannot be 

gleaned from epigraphic and literary accounts and to be aware of biases. Though there are 

limitations, there are also benefits to epigraphy. When recorded, epigraphic accounts can 

provide evidence of migration from specific regions (Morris 1992; Noy 2010). Epigraphy 

is also useful for gaining greater insight to the socio-legal status of individuals, be they 

slave, ex-slave, free born, peregrinus/peregrina, single name, duo/tria nomen and 

cognomen, or unknown (Huttunen 1974; Noy 2000). Epigraphic and literary evidence 

remain most useful when looking at macroscopic trends and when employed in tandem 

with other methods for looking at population diversity. As Purcell (2005) contends, 

despite the invaluable insights of the epigraphic and literary material, it is ultimately the 

archaeological record that makes explanatory overviews of economic and social questions 

possible. 

4.5.2Burial Practices 

The analysis of burial style and associated grave goods has been a long-standing method 

for examining possible instances of foreignness and migration in archaeological contexts 

(Saxe 1970; Morris 1992). Variability in the orientation of the grave, style of burial (e.g. 

cremations vs. inhumation), the type and variety of grave goods interred with an 

individual, and the position of the body within the burial are all indicators that are used to 

infer interment patterns of various “cultural” groups within a given context (Fontana 

2001; Sprague 2005; Pearce 2010; Wells 2013). Burial practices help to supplement the 

limited evidence that can be gathered for migration from epigraphic and textual accounts. 

However, as Pearce (2010) intimates, caution is needed so as not to impose a culture-

historical view of burial practices, wherein method of burial and accompanying grave 

goods are equated directly with specific “people.”  

 A number of difficulties in interpretation have arisen from this approach to 

identifying migrants in archaeological contexts. Part of the difficulty of identifying 
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instances of migration through burial practices is partly empirical. Looking at Roman 

contexts, our knowledge of burial practices and their variation over time and space is 

uneven and limited (Pearce 2010). Within ancient Roman contexts there is clear evidence 

of various transitions in burial preference between cremation and inhumation over time 

(Morris 1992; Killgrove 2013). Cremation was the norm at Rome until the early 2nd c. 

CE, after which time inhumation began to dominate, though instances of both burial 

practices persist to varying degrees during the respective periods of cremation and 

inhumation popularity, not to mention different timeframes of burial type preference and 

retention in the wide ranging regions of the empire, further showing the difficulty of 

inferring affiliation based on burial type alone (Noy 1998, 2000). Another problem that is 

encountered with this approach to gauging migration is that the majority of cemeteries 

that have been excavated have come from urban, commonly upper class, contexts (Pearce 

2010). As a result, insights gathered from such contexts may neglect to take into account 

burial style variation in rural regions and among specific elements of society (e.g. the 

military, slaves), while also providing data that may not be suitable to use for interpreting 

variable burial styles in different regions of the same cultural group (Pearce 2010).   

 The use of burial data to gauge the presence of non-local individuals is further 

complicated by instances of cultural integration. Many individuals who migrate over time 

take on various cultural traits of the migration locale (Benelli 2001; Brettell 2015). This 

acculturation can be both voluntary and ascribed both during life and in death, where 

larger social structures may be at play in how burial and commemoration is undertaken 

(Saxe 1970; Parker Pearson 1999; Pearce 2010). Noy (2000) contends that there is very 

little evidence that groups with a common geographical origin ever established their own 

separate burial areas at Rome, which is further supported by the fact that other than 

Jewish and Christian catacombs, there are to date no known burial grounds reserved for 

“foreigners” in antiquity at Rome, suggesting a degree of homogenization in burial that 

makes separating regional origins of buried individuals based on burial style alone 

unlikely (Nuzzo 1997). Even in the presence of potentially regionally unique grave goods, 

which may only be affordable to certain social echelons, and burial style, there is still no 
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guarantee from this evidence alone that an individual was from any given region. This 

point is well illustrated in the work of Prowse et al. (2010a) whose isotopic investigation 

of individuals at the Imperial cemetery of Vagnari identified a number of individuals who 

were in fact foreign born and had migrated to the region, yet were buried in the same 

fashion as isotopically local individuals, suggesting cultural integration, even if only in 

death. Conversely, Cool (2010) notes that at Winchester Lankhills several females who 

appear “foreign” based on grave goods, in this case bracelets, actually have a local 

isotopic signature.  

4.5.3Bioarchaeological Methods 

Bioarchaeological methods for identifying non-local individuals rely on a number of 

methodologies ranging from metric and nonmetric traits to isotopes and aDNA.  

4.5.3.1Nonmetric and Metric Traits  

Nonmetric and metric trait analyses, as discussed in Chapter 3, have been widely used to 

distinguish potential groups based on variability in metric traits of the skeleton (e.g. long 

bone length, cranial dimensions, etc…), and nonmetric traits (e.g. metopism). These 

approaches provide a method by which variation in skeletal traits can be used to assess 

the presence of various biological groups within a skeletal sample from which instances 

of migration may potentially be inferred (Pietrusewsky 2008; Saunders and Rainey 2008). 

Metric and nonmetric trait analyses are excellent for the degree of repeatability of the 

methods (Pietrusewsky 2008; Saunders and Rainey 2008). However, nonmetric and 

metric traits are most useful for identifying groups rather than individuals. Thus 

assessments of local vs. non-local are at the group level and may not indicate migration 

but rather group heterogeneity, removing a degree of information about individuals and 

potential migration. 

4.5.3.2Isotopes 

Isotopic approaches to palaeomigration, as discussed in Chapter 2, can help to provide 

greater insight to individual instances of migration. As individuals retain a chemical 

signature of their place of birth (enamel) and long term residence (bone) it is possible to 
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look at where individuals were born compared to where they lived prior to death 

(Katzenberg 2008). This method provides rich insights into who migrated and at what 

relative life stage, allowing for questions of sex and age of migrants to be addressed in 

greater depth (Killgrove 2010b). Harbeck et al. (2011) present evidence that isotopic 

signatures of the light stable isotopes (e.g. C, N, O) preserve to ~300°C, while strontium 

is resistant to heat degradation up to ~1000°C, allowing for inhumation and cremation 

burials to be isotopically investigated (Montgomery 2002; Schurr et al. 2008; Schmidt 

2008; Harvig et al. 2014).  

Isotopic insights are limited by the difficulty of gauging multiple migrations. If an 

individual was involved in short term migration or moved to multiple locations over his 

lifetime, it is much harder to identify these migrations. Provided an individual resided in 

one location long enough to take on the local signature during dental development it is 

possible to examine for multiple migrations by using skeletal elements that form at 

different times (e.g. M1 vs. M2 vs. M3 vs. bone) (Prowse et al. 2007; Stojanowski and 

Knudson 2014). Isotopic values can also be challenging as the signals recovered may not 

be regionally unique, as signals are compared to compiled regional data in which regions 

with similar signals may occur necessitating that a parsimonious “best fit” model be used 

(Eckardt et al. 2010).  

Despite these potential limitations, isotopic research provides significant 

individualized insights to regional origins and migration in antiquity, helping to both 

support and contradict other methods of identifying nonlocal individuals. Prowse et al. 

(2007) using oxygen isotopes to look at Imperial Roman migration to Portus, and 

Schweissing and Grupe (2003) looking at Late Roman migration in southern Germany 

using strontium isotopes, identify ~30% of individuals examined as nonlocal, a figure that 

fits well with demographic estimates of Roman migration (Scheidel 2004; Eckardt et al. 

2010; De Ligt 2012; Hin 2013). Prowse et al. (2007) and Schweissing and Grupe (2003) 

also identify women and child immigrants to the respective sites examined, an occurrence 

that is difficult to accurately ascertain from the textual evidence alone (Rowland 1976; 

Birely 1979; Wierschowski 1995; Noy 2000; Killgrove 2010b; Hin 2013). Such findings 
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provide increasing strength of argument for the continued use of isotopic methods for 

gauging the mobility of individuals. 

4.5.3.3Ancient DNA (aDNA) 

Ancient DNA (aDNA) research is increasingly used for investigations of ancestry and 

population diversity (Stone 2008). Where isotopes provide information about which 

regions individuals may have migrated from, aDNA can provide information about the 

ancestry of individuals (Stone 2008). Prowse et al. (2010a) use aDNA to examine a 

number of individuals from the Imperial Roman site of Vagnari. As discussed previously, 

individuals from this site appear similar based on burial style despite some individuals 

being isotopically nonlocal. Not only were several individuals isotopically nonlocal, 

aDNA examination shows that several of the individuals interred at Vagnari exhibit 

nonlocal haplotypes, including a male of sub-Saharan African (haplogroup L) ancestry 

and a female of east Asian (haplogroup D) ancestry. Ottoni et al. (2011) examining 

skeletal remains from the 11th–13th c. CE site of Sagalassos in south-central Turkey show 

through aDNA analyses the primary ancestry of individuals from this site as being of 

Anatolian and Balkan heritage, with close associations to various other regions including 

Iran, Crimea, the Levant, and Southern Italy. Such findings further enrich earlier 

archaeologically derived arguments about the ancestry of inhabitants of this region and 

the role of Anatolia as a bridge between European and Asian groups. The use of aDNA 

can, however, be challenging as aDNA can be difficult to extract and suffers from 

degradation along with issues of contamination and the prohibitive costs of analysis 

(Stone 2008). Using aDNA also does not clarify if the individuals are recent migrants to a 

region or simply of a specific ancestry. The use of aDNA can help to provide increasingly 

individualized insights to the ancestry of past populations, which has the capacity to 

contribute to inferences about migration and regional population interactions at a given 

site.   
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4.6Romanization 

Having dealt with theoretical issues of gauging migration and Roman contexts of 

migration the final section of this chapter turns to the concept of Romanization. The 

notion of Romanization has broad implications for the ways in which social diversity and 

the expansion of Roman territory and associated culture is perceived and conceptualized 

in the Roman literature.  

Romanization is concerned with the imposition of Roman culture onto conquered 

groups, not the simple inclusion of territories under Roman administration (Saddington 

1991; Woolf 1998; Haeussler 2013). Beyond this broad generalization when one attempts 

to look at the specifics of how Rome changed culture and how this “Roman” culture was 

imposed on its subjects the notion of Romanization quickly becomes cloudy, becoming 

more of a buzz word or word magic as Purcell (2005) describes it, where fascination with 

the implications of a particular term impedes accurate analysis. The concept of 

Romanization is one of acculturation, where the residents of conquered territories have 

Roman culture imposed on them, not a two way process of cultural negotiation (i.e. 

hybridity, creolization) (Webster 2001; Wallace-Hadrill 2008; Haeussler 2013). This is 

the nature of the Romanization debate. We know that Rome existed and that it had 

cultural traits. We know that other cultures in various regions existed and had cultural 

traits, and we know that at some point Rome and many of these other cultures interacted. 

Yet we cannot say with any certainty the degree to which Rome as a conquering political 

force was able to impose a uniform “Romanness” onto its new subjects (Moatti 2006; 

Haeussler 2013). Romanization then becomes an ambiguous concept used to refer to 

complex phenomena that involve different structures in transition within a society, 

making clear distinctions of what is Roman versus non-Roman challenging (Benelli 2001; 

Hingley 2005; Van Dommelen and Terrenato 2007; Haeussler 2013; Smith 2014b). 

Naerebout (2014) goes so far as to argue that Romanization is a myth.  

 Vallat (2001) makes the pithy observation that genocide, witches and stakes, but 

also marriages, mixed children, food, and dressing tastes, weave relationships between 

the conquerors and the conquered. Outside of imposed macroscopic systems (e.g. taxes, 

governance) it is the later part of this sentence by Vallat (2001) that seems to be the most 
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true of any possible instances of Romanization, in that if any such entity as Romanization 

exists, it is in the willful integration of Roman and non-Roman groups along with the 

elective adoption of Roman traits by local individuals, both those moving to Rome and in 

locations of Roman conquest (Goudineau 1996; Woolf 1998). For one can be nominally 

Romanized against their will in that they have come to live in Roman territory, or lived in 

a territory that eventually became Roman, but true Romanization relies on integration of 

cultural traits and practices (Saddington 1991). This process can be undertaken for 

various reasons. In many cases the marriage of settlers as well as soldiers stationed in the 

provinces to local individuals may have facilitated the development of Roman cultural 

practices in their households (Woolf 1998; Noy 2000; Vallat 2001). It has been argued 

that Roman cultural traits were often adopted as a coping and social advancement 

mechanism (Goudineau 1996; Woolf 1998). Adoption of Roman traits by provincial elites 

to better their standing within the Roman hierarchy, as well as to advance their social 

standings by allowing for greater acquisition of wealth and potential advancement in the 

Roman government have been put forth, an argument that gains even more strength 

following the granting of Roman citizenship to all free residents of the Empire by the 

edict of Caracalla in 212 CE (MacKendrick 1971; Goudineau 1996; Woolf 1998; Woolf 

2000; Moatti 2006; Killgrove 2010a; Alston 2014). Woolf (1998) argues that little would 

have changed in the provinces after conquest. New towns were developed and various 

existing towns altered to have a more Roman architectural appeal, thus Romanizing the 

landscape and enticing Roman settlers (Woolf 2000; Hin 2013), but beyond these basic 

points actual personal life likely changed very little. People would still pay taxes, just to a 

new government, and rebellions would occasionally have to be quelled, but as far as the 

imposition of being Roman in daily life was concerned, there was likely little change. The 

majority of people would have still eaten what they ate before, would still wear the same 

clothes, and undertake the same daily tasks, being Romanized in name only (Terrenato 

2005; Tacoma 2014). In this way Tacoma (2014) argues that simply attending the games 

(ludi) or witnessing the cultic rituals of Rome did not necessarily make one Roman, rather 

it was the daily encounters, the language of choice, cultural identity, dietary preferences, 
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the habitus of being that more readily defines cultural affiliation (Bordieu 1977). Ball 

(2000) compounds this sentiment further by calling in to question what “Roman” is, 

noting that Rome is as much eastern as it is western, as much oriental as it is occidental, 

making it very hard to gauge how “Roman” migrants became as the definition of 

“Romanness” itself is inherently slippery.  

 This then is the problem that studies of Roman history and culture are faced with. 

Romanization has remained a key concept in one form or another in terms of looking at 

Roman expansion since the time of Haverfield (1905–1906, 1923). Scholars have wanted 

to trace the route by which “civilization was given to the barbarians,” the process by 

which the benefits of Rome were given to their lesser provincial populations (Saddington 

1991; Webster 2001). The creeping determinism of Romanization has persisted for 

decades as an almost monolithic view of cultural interaction in the Roman era (Florovsky 

1969; Sweetman 2007). The Romanization model looks at newly included territories of 

Roman expansion through Roman eyes, rather than seeking to look both from Roman and 

local views (Keay and Terrenato 2001; Terrenato 2005; Sweetman 2007; Naerebout 

2014). Only relatively recently has the notion of Romaniziation been thoroughly 

challenged as a comparatively poor model for looking at cultural interaction, though 

Romanization to this day remains a highly pervasive concept that all discussions of 

Roman cultural expansion must seemingly address in some way.  

With the general eschewing of Romanization in more recent writings on Roman 

culture and society, voices of other groups and consideration of social strategies in 

situations of conquest have come to the fore. Rather than taking a Roman-lens perspective 

many scholars have sought to look at how signs of Roman cultural introduction have been 

integrated, altered, and avoided by regional communities giving way to concepts of 

hybridity, mimicry, and creolization among others (Webster 2001; Bhabha 2004; 

Sweetman 2007; Van Dommelen and Terrenato 2007). This transition is important not 

only for considering how Roman culture was encountered by territorial groups but also 

for how mobile individuals encountered and adopted Roman cultural traits in their new 

environments. 
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 The concept of mimicry is of significance to this discussion of migration (Bhabha 

2004). Where creolization and hybridity (Webster 2001; Sweetman 2007; Van Dommelen 

and Terrenato 2007) have made significant advances in looking at how the interaction of 

Roman and local cultures has resulted in varied forms of cultural identity as well as the 

formation of new cultural identifiers on a macro-scale that blend aspects of both Roman 

and other cultural practices to give rise to novel cultural groups and signifiers (e.g. Gallo-

Roman), mimicry provides a theoretical tool for looking at socio-cultural issues at the 

level of the individual.   

Mimicry is a theoretical construct that seeks to look at the dualistic nature of 

identity, best seen in situations in which an individual or group of individuals of a given 

cultural affiliation live in a region of differing culture (Bhabha 2004). We see in these 

scenarios attempts at integration both formal (e.g. naturalization) and informal (e.g. 

learning a local language), at the migration location as well as strong preservation of 

connections to one’s own culture. It is at this junction that mimicry is situated. Mimicry is 

a sign of double articulation, in that for practical or personal reasons individuals choose to 

adopt elements of the culture in which they find themself living while also maintaining 

their original cultural identify (Bhabha 2004). This process can be undertaken for 

countless reasons and may be self-serving or may be for preservation and safety. Many 

immigrants may be forced or may elect to take on dominant cultural norms, while not 

necessarily ascribing their identity through such norms. Individuals may also take on 

attributes of the dominant culture so as to make friends or connections in the new setting. 

This can serve both practical and emotional roles, helping to provide for employment and 

advancement in the new setting as well as social support and avoidance of isolation 

(Woolf 2000; Bhabha 2004; Leonini and Rebughini 2012).  

 At the same time many immigrants maintain a link to the cultural practices of their 

respective homelands in some way. Earlier in this chapter so called “Chinatowns” were 

discussed (Tilly 1978; Sanjek 2003). The formation of such culturally distinct locations 

has a large role in the maintenance of cultural identities among immigrants as well as a 

perception of safety of the immigration location (Appadurai 1996; Sager 2008). This type 
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of community development also touches upon the concepts of creolization and hybridity 

(Van Dommelen and Terrenato 2007). In these neighbourhoods of specific cultural 

groups individuals and communities are able to negotiate their position within the 

dominant culture of an area to which they have immigrated (Appadurai 1996). In this way 

new cultural identities develop. Variations of both cultures begin to be embodied in a new 

form (e.g. Tex-Mex food), while also having individuals who seek to maintain their 

identity through traditional cultural signifiers (Leonini and Rebughini 2012).  

Yet such cultural modification and development is not always possible. In many 

instances the mimesis of cultural norms is for preservation. Bhabha (2004) discusses 

mimesis in terms of ambivalence. Individuals take on attributes of the dominant local 

culture to allow for survival and to be tolerated while more silently and personally 

maintaining ties to their “true” culture. Not all individuals who migrate wish to leave their 

home cultures, as is the case with many diaspora communities. Often as not individuals 

leave to find a better job or to avoid difficulties in a homeland (e.g. war) (De Haas 2008; 

Hin 2013; Brettell 2015). In this way mimesis provides an avenue for immigrants to any 

location to negotiate their position within the local culture while not disavowing their 

own cultural identity (Barth 1969; Bhabha 2004; Wimmer 2008).  

 These concepts, though perhaps seemingly tangential to the present discussion of 

identifying foreigners in Roman contexts, lay at the heart of debates about what it meant 

to be Roman and to be Romanized (King 2001; Webster 2001; Bhabha 2004). It is clear 

from the literature that what it meant to be Roman is a highly debatable question with 

multifold ways in which one may or may not be classified as “Roman.” We see here the 

difficulty of both quantifying and qualifying culture. It is for this precise lack of certainty 

that scholars have largely turned away from categorizing certain sites or peoples as 

having been Romanized and have sought to look at the finer details of mixed 

representations in cultural elements as well as concrete evidence of from where 

geographically people were coming into Roman territorial holdings. As Appadurrai 

(1996) notes, stressing the dimensionality of culture rather than its substantiality permits 
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our thinking of culture less as a property of individuals and groups and more as a heuristic 

device that we can use to talk about difference. 

4.7–Summary 

This chapter has examined the nature of human mobility and migration. Theoretical and 

practical considerations of the nature of human mobility, why people may or may not 

chose to migrate, as well as a number of practicalities and reasons behind migration have 

been considered in this chapter to provide context to the nature of this temporally and 

geographically ubiquitous human phenomenon. Moving from theoretical and practical 

considerations this chapter has looked at methods by which migration can be gauged in 

antiquity (e.g. isotopes, aDNA, NMTs, epigraphy, burials goods, etc…) and how these 

methods have and may in the future be combined to provide increasingly complex and 

nuanced insights to mobility in the past. Following these sections this chapter concludes 

with a discussion of mobility in the Imperial Roman era, both in terms of from where and 

to where, as well as how, and potentially why individuals were moving, and ultimately 

what it meant to be Roman and a part of Roman society at large.  

Discussion of these topics has provided a theoretical and practical basis for the 

research presented in this dissertation on Imperial Roman migration, allowing a point of 

union between the data results from isotopic (18O, 87Sr/86Sr) and nonmetric trait (NMT) 

research presented with broader theoretical models from anthropology, political theory, 

sociology, and geography, among other fields. This dissertation adopts a decidedly 

transnationalist perspective on mobility in Imperial Rome. Transnationalism as a 

migration model, in my opinion, is the most fully encompassing of human mobility, 

accounting for individual action and group heterogeneity without the imposition of larger 

rigid state models and macroeconomic actors that inhabit the theories of modernization 

and dependency theory. Transnationalism also provides for a similar contextualization of 

migration to diaspora theory while not restricting the scope of inquiry to diaspora 

communities, allowing for broader discussions of mobility events, identity, and group 

formation.
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Chapter 5Materials and Methods 

5.1–Background to Sites Examined 

5.1.1–Velia 

5.1.1.1–Background to Velia 

Velia lies on a promontory in the Cilento of Lucania, on the Tyrrhenian coast of Southern 

Italy between Cape Palinurus and Posidonia (Paestum) ~400 km south of Rome and ~100 

km south of Naples (Figure 5.1) (Richardson 1976; Craig et al. 2009). The settlement of 

Velia is situated between the mouths of the rivers Alento to the North and Fiumarella to 

the South (Pellegrino 1957; Craig et al. 2009). Moving inland the area of Velia is 

encompassed by hilly countryside before transitioning into mountainous terrain with the 

peaks of Monte Stella (1300 m) to the north and Monte Gelbison (1706 m) to the south-

east (Schmeidt 1970; Bencivenga Trillmich 1990; Craig et al. 2009; Crowe et al. 2010). 

 

Figure 5.1–Locations of Velia, Isola Sacra (SCR), and Rue Jacques Brel necropolis 

(JBR) (Map image generated using Google Earth). 
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Velia was originally founded in ~540 BCE as a colony known as Hyele, referred 

to as Elea beginning in the 4th c. BCE, by Phocaeans fleeing Persian invasions in their 

homeland of Asia minor (Pellegrino 1957; Musti 1966; Cerchiai 2004; Mele 2006; Nenci 

and Vallet 2012). Following a productive Phocaean occupation, which saw construction 

focused in the area of the acropolis on a hilltop promontory 200 m asl, Elea was 

incorporated into Roman territory in the 3rd c. BCE at which time the site came to be 

referred to as Velia, seeing increased building in the southern quarter of the site and the 

development of the necropolis (Richardson 1976; Crowe et al. 2010; Ermolli et al. 2013). 

To date the majority of archaeological research at Velia has been conducted in the area of 

the Phocaean acropolis (Richardson 1976; Krinzinger and Tocco Sciarelli 1997). 

Velia is often remembered as being a spa town where the likes of Cicero bathed, 

as well as being home to the philosopher Paramenides (ca. 5th c BCE) and a medical 

school (Nutton 1970; Richardson L. 1976; Fabbri and Trotta 1989; Bondioli and Sperduti 

2011; Sperduti et al. 2012). Aside from these illustrious links, Roman Velia was a 

working town. The unencumbered hinterland at Velia provided the opportunity for the 

development of agriculture and arboriculture, with 80 hectares within the city walls 

permanently under cultivation (Pellegrino 1957; Greco 1979; Greco and Schnapp 1983, 

1986; Craig et al. 2009). Velia had a plentiful supply of water given its riverine 

surroundings and was a minor though key maritime port south of Naples on the 

Tyrrhenian coast (Greco and Schnapp 1986; Greco 1999; Morel 1999; Mele 2006; Craig 

et al. 2009; Sperduti et al. 2012). Ramage (1868) notes that there were two ports at Velia, 

one close to the foot of the mountain, known as Lago di Castello, about a quarter mile 

from the sea, and the other called Porticello, at the mouth of the river, though the actual 

location of the port remains hypothetical (Krinzinger and Tocco Sciarelli 1997). With this 

port came associated industries and trades, including fishing and fish processing, ship 

construction, and ship repair (Craig et al. 2009; Sperduti et al. 2012). 

Velia thrived into the Middle Ages eventually coming under Episcopal control 

(Pellegrino 1957; Craig et al. 2009). The decline and ultimate abandonment of the 
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settlement at Velia is believed to have occurred due to increased marsh formation along 

the rivers inhibiting the use of the site as a port, with the account of Nicolò Carletti, who 

visited Velia in 1794, noting that the ports were unobservable (Vecchio 2007). 

5.1.1.2–Excavations at Velia 

Numerous accounts of the ruins at Velia are provided by early travelers in the region, 

with ostensibly the first modern account being that of Carletti in 1794 (Vecchio 2007). 

Ramage (1868) is of particular interest here as he provides an extended discussion of his 

encounters with “local excavators” who show him the ruins of the Roman necropolis.  

Schleuning (1889) provides an early archaeological assessment of Velia, but it is 

not until 1927 that limited excavations at Velia began under the direction of Amedeo 

Maiuri, Superintendent of Campania (Vecchio 2007). Extensive excavation of the site 

began in the 1960s with the research of Mario Napoli (Vecchio 2007). Napoli’s research 

focused on excavating the Phocaean acropolis, identifying a number of buildings and 

rooms dating to the 6th–5th c. BCE along the southern slope (Napoli 1972; Krinzinger and 

Tocco Sciarelli 1997). During the period from 1969–1978 a systematic survey of the ruins 

of the Phocaean colony was undertaken by German and Austrian archaeological missions, 

with further research conducted by an Austrian mission throughout the 1990s once again 

focusing on the ruins of the acropolis (Fiammenghi, 1994; Krinzinger and Tocco Sciarelli 

1997).  

Turning to the Roman remains at Velia, significantly less is known. Research into 

the Roman occupation of Velia has largely focused on the area of the Porta Marina Sud, 

in the southern section of the site (Krinzinger and Tocco Sciarelli 1997; Fiammenghi 

2003; Fiammenghi and La Torre 2005). In this area the ruins of several houses as well as 

a building with a cryptoporticus and numerous statues and inscriptions have been 

identified (Krinzinger and Tocco Sciarelli 1997). A series of buildings dating to the early 

Imperial era associated with the Roman necropolis were identified on either side of the 

road coming out of the Porta Marina Sud (Fiammenghi 2003). The Porta Marina Sud area 

is of key importance to the present discussion as it is here that the remains of the Roman 

necropolis dating to the 1st to 2nd c. CE were identified along what Fiammenghi and La 
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Torre (2005) refer to as a “street of burials” (Figure 5.2) in proximity to the coast (Craig 

et al. 2009).  

5.1.1.3–The Roman Necropolis of Velia 

Though early references to the presence of a Roman necropolis exist (see Ramage 1868; 

Napoli 1972), the Roman necropolis at Velia was not systematically investigated until the 

time of Fiammenghi (2003), whose full synthesis of the excavations of the area of the 

necropolis and Porta Marina Sud remains incomplete and unpublished due to her 

untimely death in 2007 (Figure 5.2). Fiammenghi (2003) notes that up until the time of 

her research the only known information about the necropolis comes from the works of 

Ebner (1970, 1978) who discusses a limited number of the decontextualized funerary 

inscriptions, further problematizing any attempts at linking funerary inscriptions with 

actual burials. Excavations by Fiammenghi identified ~330 burials, scattered over a 0.5 

ha area with no apparent subdivisions of the cemetery, and with 54% of the skeletal 

remains recovered being subadults (Fiammenghi and La Torre 2005; Craig et al. 2009; 

Bondioli and Sperduti 2011).  

 

 

 

 

 

 

 

 

Figure 5.2–Location of the Roman Porta Marina Sud necropolis at Velia (Reproduced

 with permission after Greco 2003:table 1). 
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Burial types at Velia range from simple earthen graves to monumental tombs and 

mausolea (Sperduti et al. 2012). To date only the earthen graves have been excavated 

(Craig et al. 2009). A number of earthen burial styles are present at Velia including 

cremations (n=29) and inhumations (n= 289). In total Craig et al. (2009) identify twenty-

seven different burial types, which are classified into six categories: 1) simple earthen 

burials; 2) simple earthen burials covered with tiles or stones; 3) cappuccina, where an 

earthen burial has leaning roof tiles (tegulae) placed over the body forming a peak; 4) 

stone lined burials; 5) mausolea; and 6) enchytrismos, in which the remains of an infant 

were placed within a neck-handled ceramic vessel, commonly an amphora. Cremations 

include both deposited cremains and busta burials, in which the body was burned in situ 

(Craig et al. 2009; Sperduti et al. 2012). Each grave contained a variable number and type 

of grave goods, none of which could be used to infer social status, suggesting a lack of 

such distinctions in burial at Velia (Fiammenghi 2003; Craig 2009). 

5.1.1.4–Bioarchaeological Research at Velia 

To date bioarchaeological examinations of the Roman skeletal remains from Velia have 

focused on dietary reconstruction (Craig et al. 2009), dental asymmetry (LaFleur 2011), 

the presence of external auricular exostoses (EAE) (Crowe et al. 2010), and age related 

bone loss (Baeuchesne and Agarwal 2014).  

 LaFleur (2011) argues that the individuals from Velia experienced developmental 

stress resulting in cases of dental asymmetry. Dental asymmetry was more common in 

males than females with maxillary teeth experiencing greater developmental asymmetry. 

Similarly, research by Sperduti et al. (2012), Bondioli and Sperduti (2011), and Crowe et 

al. (2011) found that external auricular exostoses (EAE) were disproportionately more 

common in males than females, occurring in 35.3% of males in the Velia sample and zero 

females and subadults. Such disparity is argued as being the result of male involvement in 

maritime trades that would have exposed them to cold water environments on a regular 

basis. Beauchesne and Agarwal (2014) examined sex related patterns of cortical bone loss 

at Velia using radiogrammetry of the second metacarpal. This study found that females 

show a gradual decline in bone quantity beginning in middle age, while males show bone 
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loss only in old age. Of interest is the lack of evidence of sex differences in bone loss in 

the oldest ages categories, confronting modern assumptions about age related bone loss in 

older women. 

  Craig et al. (2009) identify two groups of individuals based on diet. Group I is 

believed to have consumed a diet high in cereals with variable meat and dairy intake, and 

minor fish and garum consumption. Individuals in Group II consumed less plant foods 

and likely more meat and fish, enriching their nitrogen (15N) signals. There is no 

archaeological evidence to suggest that this dietary difference was correlated with status, 

though the authors suggest that the different diet of Group II individuals may imply they 

were immigrants to Velia (Craig et al. 2009).  

5.1.2–Isola Sacra 

5.1.2.1–Background to Isola Sacra 

Isola Sacra, and the associated necropolis thereon, is an artificial island located 23 km 

southwest of Rome (Figure 5.1) (Prowse et al. 2013). Isola Sacra is ~330 ha in area and is 

situated between the two ancient sites of Portus Romae and Ostia, extending 1.6 km from 

east to west and 2.6 km from north to south, and being bounded by the Tyrrhenian Sea to 

the west, by the Tiber River to the east and south, and by the Fossa Traiana to the north 

(Prowse et al. 2010b; Germoni et al. 2011). Isola Sacra is presently ~3 times larger than 

in the Roman era due to shoreline extension from fluvial and alluvial deposits from the 

Tiber, placing the modern coastline ~3 km further into the sea (Germoni et al. 2011).  

Isola Sacra was created as a result of canal dredging for the fossa Traiana in 103 

CE, which connected the Tiber River with the coast (Baldassare 1978). Burials in the 

necropolis on Isola Sacra are associated with Portus Romae, a site originally initiated 

under the Emperor Claudius, and completed between 42 CE and 64 CE (Keay et al. 

2005b; Keay and Paroli 2011b). The area was further developed under the Emperor 

Trajan who had the fossa Traiana dredged and an additional inner harbor built, continuing 

the use of this area as the key port for transshipment along the Tiber river to and from 
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Rome, making the area of Ostia and Portus a key economic region for trade with Rome 

(Keay et al. 2005b).  

5.1.2.2–Excavations at Isola Sacra 

The earliest modern references to the necropolis at Isola Sacra date from the period 

between 1699–1744, though it was not until 1839 when several burials were first 

officially uncovered under a license granted to the Gugliemi family by the Camera 

Apostolica (Germoni et al. 2011). The first major excavation at Isola Sacra was 

undertaken from 1925–1940 by Calza, who focused on the structure and decoration of the 

monumental tombs (Calza 1940; Veloccia Rinaldi and Testini 1975). During the 

excavations of Calza a large number of skeletons were removed, disassociating them 

from their original burial contexts (Prowse et al. 2010b), and significantly disassociating 

the human remains from the epigraphic evidence at the site. Helttula (2007) published an 

update of Thylander’s (1952) study of the epigraphic evidence from Isola Sacra, 

providing various insights to lives and regions of origin for a number of the individuals 

interred at Isola Sacra. Though of significant insight, unfortunately given the 

disassociated nature of the human remains and epigraphic materials at Isola Sacra, this 

information can only be used for theorizing at this point.   

 Following the research of Calza, excavations did not resume until 1973 when a 

joint project of the Archaeological Superintendency of Ostia, the University Institute of 

Oriental Studies at Naples, and the University of Rome ‘La Sapienza,’ led by Ida 

Baldassarre commenced, lasting until 1982 (Baldassare 1990). This project focused on 

further investigation and restoration of the monumental tombs, as well as excavation of 

the human remains removed and haphazardly reinterred by Calza (Angelucci et al. 1990; 

Baldassarre 1984, 1990; Baldassarre et al. 1985; Rossi et al. 1998). 

 From 1988–1989 excavation at Isola Sacra was undertaken as part of a regional 

water supply project. During this time the area between the monumental tombs was 

excavated, from which >600 burials, comprising single and multiple interments, were 

identified (Baldassare 1990). The skeletal remains recovered from the necropolis of Isola 

Sacra have been curated by the Museo Nazionale Preistorico Etnografico Luigi Pigorini 
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in Rome since 1992. To date no final report of the site excavations has been published.  

More recent work on the landscape of Portus and Isola Sacra has been undertaken since 

2005 by the British School at Rome as part of the larger Portus Project directed by Simon 

Keay of the University of Southampton (Germoni et al. 2011). The Portus Project 

investigates the ancient landscapes of Portus and surrounding regions, with the main 

focus being on the development of the Claudian and Trajanic harbor complexes, through 

survey, geomorphological investigation, archaeological prospection, and excavation, with 

the aim of providing a thorough reconstruction of the ancient landscape of this Roman 

maritime harbor complex (Keay et al. 2005a; Keay et al. 2009; Keay and Paroli 2011a).  

A key insight provided by the Portus Project is the proposed identification of 

residential areas at Portus. Meiggs (1973) estimated that by the Severan era (ca. 193–235 

CE) Portus would have had a population likely numbering in the thousands. A key 

challenge to this claim however, has been identifying where these inhabitants would have 

lived. Through geophysical survey the Portus Project has identified as series of buildings 

they propose are residential, being located in the southern part of the port between the 

Canale di Communicazione Trasverso side of the hexagonal port of Trajan and the Late 

Antique Episcopio towards the Fossa Traiana, an area of roughly 12 ha. (Keay and Millet 

2005b). Other potential residential areas have been identified on the west side of the 

Canale di Communicazione Trasverso, and across the Fossa Traiana on the Isola Sacra 

though this settlement is only ~3 ha. in size, suggesting a smaller proportion of residents 

(Keay and Millet 2005b; Germoni et al. 2011). It is also possible that the upper floors of 

the various warehouses associated with the harbor complex at Portus may have been used 

for housing, though there is presently a lack of confirmatory evidence for such a 

potentiality (Keay and Millet 2005b). 

5.1.2.3–The Necropolis of Isola Sacra. 

Transportation between Ostia and Portus was provided by the via Flavia, which traverses 

1.5 km across the Isola Sacra (Veloccia Rinaldi and Testini 1975; Germoni et al. 2011; 

Prowse 2013). It is along the Via Flavia that the burials of the Isola Sacra necropolis first 

developed, with the necropolis remaining in use from the 1st to 3rd c. CE (Figure 5.3) 
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(Germoni et al. 2011). With waning commercial activity around the port, use of the area 

of Isola Sacra began to decline during the 4th to 6th c. CE, eventually resulting in the area 

of Isola Sacra being covered by sand (Baldassarre 1978; Sperduti 1995; Prowse et al. 

2010b).  

 

Figure 5.3–Location of the necropolis of Isola Sacra in relation to Portus and Ostia 

(Reproduced with permission after Prowse et al. 2007:511, fig 1). 

 

Single burials were initially deposited on either side of the Via Flavia (Germoni et 

al. 2011). Over time with continued development of the necropolis larger funerary 

structures began to fill the available spaces forming various funerary complexes. The 

desire to build tombs that could be observed from the road accompanied by a gradual 

raising of the ground level resulted in various earlier burials being obscured and covered 

by later burials (Germoni et al. 2011). It has been noted however, that no systematic 
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expansion of the burial ground was undertaken to accommodate burials of the ‘poor,’ 

though Calza originally proposed that the area behind the second row of monumental 

tombs was a ‘field of the poor’ (Angelucci et al. 1990; Prowse 2001, 2013). The 

chronological relationship between the various sections of the site is poorly understood, 

though it is evident that the oldest tombs (ca. 1st c CE) are located closest to the road 

(Baldassare 1984; Germoni et al. 2011), and there is evidence, though limited, from later 

periods of the necropolis for tombs being re-used (Baldassare 1984).  

Aside from the well-known chambered tombs at Isola Sacra (n= 75; See Calza 

1940), there are a number of other burial styles present, including: cappuccina burials, 

where terracotta tiles (tegulae) were leaned against each other to form a peak over the 

body; libation burials/adult amphorae burials, in which relatively intact amphorae were 

inserted into the ground above the interred individual; simple pit burials/soil and sand 

interments, in which the body was deposited into the ground with no accompanying 

coffin or protective structures; inhumations with associated coffin of wood or terracotta 

bricks; and in the case of subadults amphorae burials, where the broken pieces of 

amphorae were used to cover the body (Angelucci et al. 1990; Prowse 2001; Prowse et al. 

2010b).  

Based on epigraphic materials from the tombs at Isola Sacra it is believed that a 

large number of the individuals interred in the necropolis were employed as tradesmen, 

ship owners, merchants, workmen, and stevedores (Thylander 1951-52; Tonybee 1941; 

Sacco 1984; Helttula 2007; Prowse et al. 2010b). Based on these trades and the lack of 

reference to a local aristocracy, it has been proposed that the population of Portus Romae 

was likely middle class (Garnsey 1998, 1999).  

Portus, as a major harbor and point of immigration, was a cosmopolitan area. Yet 

where individuals were arriving from still remains somewhat uncertain. There is 

onomastic evidence for individuals of African origin and ancestry involved with 

administration of the grain supply at Ostia and Portus (Cébeillac-Gervasoni 1996; 

Salomies 2002). From epigraphic materials at Portus and Isola Sacra, Sacco (1984) and 

Helttula (2007) identified numerous individuals who originated from circum-



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 132 

Mediterranean and European locations including, Tunisia (Karthago), Egypt 

(Alexandria), Palestine (Gaza), France (Aquitania), Greece (Rhodius), Asia Minor 

(Nicomedia, Prusa), and various locations in Italy (e.g. Ravenna, Roma). This evidence 

supports the notion of Portus as a cosmopolitan environment. What this evidence lacks, is 

the ability to provide a true gauge of all the various regions from which individuals 

originated and at what life stage they migrated, as the regions identified by Sacco (1984) 

and Helttula (2007) are only those that where chosen to be commemorated epigraphically.  

The skeletal remains of ~2000 individuals have been identified from the 

necropolis at Isola Sacra (Sperduti 1995). Many of these were recovered from the 

excavations of Calza, during which bodies were disinterred and decontextualized before 

being reinterred at random (Prowse et al. 2010b). Of the ~2000 individuals recovered 

approximately 800 have greater contextual data available for their original deposition 

contexts and have been catalogued by Sperduti (1995), forming a reference for 

bioarchaeological research (Prowse et al. 2010b). In terms of grave goods, Sperduti 

(1995) notes that most inhumations lacked grave goods, aside from a few instances of 

coins, lamps, and what are identified as ‘female’ ornaments. A digital database 

(http://www.ostia-antica. org/valkvisuals/index.htm) of the various excavated tombs of 

Isola Sacra has been created to provide an interactive platform to a significant amount of 

the research available to date on the Isola Sacra necropolis. 

5.1.2.4– Bioarchaeological Research on the Roman Remains from Isola Sacra 

Studies of the skeletal remains from Isola Sacra have been many and various including an 

aDNA investigation of the presence of thalassemia by Yang (1997), a synthesis of dental 

development and stress through the analysis of developmental defects in the primary 

dentition and microstructural enamel characteristics by Manzi et al. (1997), Rossi et al. 

(1998), and Hoover et al. (2005), a paleopathological analysis of Vitamin D deficiency 

and rickets in children by Wood (2003), an examination of age related bone loss by Cho 

and Stout (2003), and documentation of external auditory exostoses first by Manzi et al. 

(1991) and later by Crowe and colleagues (2010). 
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 Of primary importance to the present study is the research of Prowse and 

colleagues (2004, 2005, 2007, 2010b). Prowse et al. (2004, 2005) used carbon (13C) and 

nitrogen (15N) to look at diet and age-related variability of diet. These studies found that 

the individuals of Portus Romae ate a mixed diet of marine and terrestrial foodstuffs, with 

the marine component possibly representing 10%–40% of the dietary intake. The 

combination of carbon and nitrogen data suggest that females were consuming a greater 

proportion of terrestrial C3 plants, and that marine food made up a comparatively larger 

proportion of the male diet, while subadult diet appears to have been largely herbivorous, 

indicating a degree of gender and age-based differences in the diet (Prowse et al. 2011). 

Seeking to better understand childhood stress and the dietary impacts of breastfeeding and 

weaning, Prowse et al. (2008, 2010b, 2011) examined linear enamel hypoplasia (LEH), 

Wilson bands, and long bone growth, in tandem with 13C and 15N and Roman literary 

sources on childhood diet. These studies found that introduction of foods as part of a 

transitional diet at the time of weaning was taking place by 1–2 years of age, while 

weaning was complete by ~2.5 years, estimates consistent with the Roman literature. 

Prowse et al. (2008, 2010b, 2011) noted that subadults appeared to have had a more 

terrestrial diet post-weaning compared to adults, and although these infants likely 

experienced periods of developmental stress and had dental pathology associated with the 

weaning transition, their overall health was not significantly compromised. 

 The isotopic research of Prowse et al. (2007) examined instances of migration to 

the region of Portus using oxygen (18O). This study utilized modern teeth from Roman 

children to derive a local range (-4‰ to -6‰) that was employed to gauge the degree of 

mobility among individuals interred at Isola Sacra. Prowse et al. (2007) used both first 

(M1) and third (M3) molars to gauge at which life stage individuals may have moved. 

Using this approach they were able to identify that ~1/3 of the Isola Sacra sample 

examined were non-local and included females and males based on the 18O of the first 

molars, while the third molar data indicates that a number of the individuals examined 

moved to the area of Portus as children (i.e. between the period of M1 and M3 

formation). One difficulty with this study however, is the question of breastfeeding. In 
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their discussion of M1 18O values Prowse et al. (2007) provide only limited mention of 

breastfeeding and weaning as a potential difficulty to 18O value interpretation.  

Breastfeeding results in higher 18O values of M1s by ~0.7‰ due to the fact that breast 

milk is enriched in 18O over drinking water consumed by the individual breastfeeding (see 

Roberts et al. 1988; Wright and Schwarcz 1998, 1999; Knudson 2009; Prowse 2016). If 

Prowse et al. (2007) had considered breastfeeding, by adding 0.7‰ to M1 18O values 

(see Prowse 2016), the number of non-local individuals would have changed from 20 to 

17, a number still within comparable range to make their original estimate of ~1/3 of the 

sampled individuals as non-local reasonable. Based on their findings Prowse et al. (2007) 

assert that Imperial Roman era migration to Portus was undertaken by men, women, and 

children, potentially as family units, and not exclusively by adult males, as has often been 

proposed (see Wrigley and Schofield 1981; Landers 1993; Bruun 2010; Brettell 2015).   

5.1.3–Rue Jacques Brel Necropolis 

5.1.3.1–Background to the Jacques Brel Necropolis 

The Rue Jacques Brel Necropolis is located on the north bank of the Charente river in the 

area of Saintes, Charente-Maritime, France, ~120 km north of Bordeaux and ~41 km east 

of the Bay of Biscay (Figure 5.1) (Baigl et al. 1997). Aside from the initial 

bioarchaeological research reported by Baigl (1995) and Baigl et al. (1997), to date the 

only other investigation of the skeletons from this site has been a brief mention about 

enthesopathies in Villotte (2006). 

 The original occupation of the area of the Rue Jacques Brel was associated with 

industrial production, serving as a minor regional production location (Baigl et al. 1997).  

The northern sector of the site was thought to form part of an artisanal district, believed to 

be associated with glass and pottery production (Baigl et al. 1997). This artisanal district 

is located directly next to the necropolis, a proximity which the excavators believe 

suggests the necropolis was originally established by this artisan community (Figure 5.4) 

(Baigl et al. 1997). The style of the structures at this site are consistent with settlement of 

the area in the 1st–2nd c. CE, with the production site developing first before the 
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subsequent development of a cemetery complex, suggesting that the site was founded on 

previously unoccupied territory (Baigl et al. 1997).  

 

Figure 5.4–Area inside the red box in the upper image shows the location of Rue Jacques 

Brel in relation to the Charente river (~1km east) in Saintes, France (Map 

generated from Google Maps). The bounded solid grey area in the lower 

image shows the extent of excavation of the Rue Jacques Brel necropolis. 

The thick black lines visible indicate the location of initial archaeological 

test trenches (Reproduced after Baigl et al. 1997:fig. 1).  
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5.1.3.2–Excavation of the Jacques Brel Necropolis 

The Rue Jacques Brel Necropolis is a small Imperial Roman era (ca. 1st–3rd CE) site that 

was initially identified in 1994 on an unoccupied parcel of land during archaeological 

evaluations under the direction of Jean-Francois Buisson to facilitate development of the 

Rue Jacques Brel roadway (Baigl 1995; Baigl et al. 1997). Excavations began in 1995 to 

establish the nature and dimensions of the site, with subsequent excavations beginning in 

1996 and focusing on the necropolis (Baigl et al. 1997).  Following excavation of this site 

the Rue Jacques Brel was paved and the area adjacent to the Rue Jacques Brel was 

developed as a residential area and remains so to this day (Baigl 1995). 

5.1.3.3–The Necropolis of Rue Jacques Brel 

The necropolis identified at this site is of significant importance as it is the only complete 

cemetery that has been identified to date in the area of Saintes (Mediolanum Santonum), 

the capital of Roman Aquitaine (Maurin 1978; Goudineau 1996; Baigl et al. 1997; Woolf 

1998). The skeletal remains of the individuals from the Rue Jacques Brel necropolis are 

curated in the Université de Bordeaux and De la Préhistoire à l’Actuel: Culture, 

Environnement et Anthropologie (PACEA) research facilities in Pessac, France. In total 

130 burials have been documented from the Rue Jacques Brel necropolis with 120 

inhumations and 10 cremations (Baigl et al. 1997). It has been proposed that a number of 

the burials originally had stone foundations with a superstructure potentially of wood or a 

mixture of clay and hay as the excavators believe the foundations would not have been 

strong enough to support a stone superstructure (Baigl et al. 1997). A number of grave 

goods were identified during excavation, including ceramics, clothing elements (e.g. the 

outline and hobnails of shoes, buckles), and a coin from the reign of Vespasian (ca. 69–79 

CE), placing the initial development of the necropolis in the 1st–2nd c. CE (Baigl et al. 

1997). It is believed that the area of the necropolis was initially used for less formal 

burials in the 1st c. CE after which time the area began to see more regular use, 

developing into a necropolis in the mid-2nd c. CE (Baigl et al. 1997). It is apparent from 

this cemetery that for a period of time both inhumations and cremations were being used. 

The excavators proposed that cremations and inhumations were typical in the 1st–2nd c. 
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CE before inhumations began to dominate in the 2nd c. CE, ultimately becoming the 

exclusive burial practice by the 3rd c. CE (Baigl et al. 1997). The spacing of the tombs and 

the few cases in which burials cut across previous burials suggest that burials were 

formally laid out and may have originally been indicated by grave markers (Baigl et al. 

1997).  

5.2–Ageing and Sexing Methods 

Ageing and sexing was undertaken following standard methods, and was completed for 

the samples from Isola Sacra and Velia by Dr. Alessandra Sperduti of the Museo Luigi 

Pigorini (Sperduti 1995), and for the Rue Jacques Brel Necropolis by Dr. Dominique 

Castex of the Centre national de la recherche scientifique (CNRS) laboratory of 

anthropology, Université Bordeaux 1 (Baigl et al. 1997). Sexing of adult individuals was 

variously undertaken using the criteria set out by Todd (1920); Phenice (1969), Ascádi 

and Nemeskéri (1970), Ferembach et al. (19771979); Meindl and Lovejoy (1985); Iscan 

and Loth (1986), and Burns (1999). Age was assessed using: degenerative changes to the 

pubic symphysis following Brooks and Suchey (1990); changes to the auricular surface of 

the innominate following Lovejoy et al. (1985); ecto- and endocranial suture closure 

following Angel (1980); morphological variation at the sternal end of the ribs following 

Iscan et al. (1984, 1985); and dental wear following Lovejoy (1985).  

5.3–Isotopic Analyses 

5.3.1–Collection of Dental Samples for Isotopic Analysis 

Collection of adult (18 yrs.) second molars (M2) for isotopic sampling took place during 

2012–2013 at the Museo Nazionale Preistorico Etnografico Luigi Pigorini in Rome, Italy 

and at the PACEA facilities of the Université Bordeaux 1 in Pessac, France. One second 

molar (M2) from each of a total sample of 139 individuals was collected from the sites of 

Isola Sacra (n= 80), Velia (n= 20), and Rue Jacques Brel Necropolis (n= 39) for 18Oc 

analysis. Of these 139 individuals sampled for 18Oc, an approximately sex balanced 

random sample of 60 individuals (SCR= 20, JBR= 20, Velia= 20) were also analyzed for 

87Sr/86Sr (Table 5.1). Individuals were sampled from all areas of the respective sites in an 
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attempt to generate, as much as possible, a representative cross-sectional sample of the 

individuals interred at these three cemetery sites. Males and females were sampled as 

close to parity as was allowable by the representation and skeletal preservation of both 

sexes at the three sites examined. Each M2 was stored in a sealable plastic bag and 

labelled with identifying information. Second molars were selected to avoid any potential 

alteration in 18Oc values associated with breastfeeding, as is the case with first molars 

(Wright and Schwarcz 1998). Though individuals of various ages at death are represented 

in the present study it is important to keep in mind that initial M2 cusp formation begins 

at ~2.5 years after birth, while enamel formation of the second molar is complete between 

~7–8 years after birth, providing a gauge of childhood residency during this time period 

regardless of age at death (Schour and Massler 1940; Al Qahtani 2009). 

Table 5.1–Distribution, by sex and age, of samples examined for oxygen (18Oc) and 

strontium (87Sr/86Sr), from JBR, SCR, and Velia, presented as 18Oc 

(87Sr/86Sr) (see Table 6.2 for information on each individual). 

 18-29 yrs. 30-39 yrs. 40-49 yrs. 50+ yrs. Total 

JBR           

Male 6 (3) 12 (5) 0 (0) 0 (0) 18 (8) 

Female 5 (3) 16 (9) 0 (0) 0 (0) 21 (12) 

Sub-Total 11 (6) 28 (14) 0 (0) 0 (0) 39 (20) 

SCR           

Male 10 (1) 15 (4) 11 (4) 4 (0) 40 (9) 

Female 13 (5) 17 (5) 9 (0) 1 (1) 40 (11) 

Sub-Total 23 (6) 32 (9) 20 (4) 5 (1) 80 (20) 

Velia           

Male 2 (2) 6 (6) 2 (2) 0 (0) 10 (10) 

Female 2 (2) 3 (3) 2 (2) 3 (3) 10 (10) 

Sub-Total 4 (4) 9 (9) 4 (4) 3 (3) 20 (20) 

Overall Total 38 (16) 69 (32) 24 (8) 8 (4) 139 (60) 

 

5.3.2Initial Treatment for Isotope Sampling 

All of the human second molars (M2) subjected to isotopic analyses were initially 

manually brushed to remove any adhering debris before being submersed in distilled 
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water (dH2O) and ultrasonicated for a period of 10 minutes. Ultrasonication was repeated 

three times changing the water in which each tooth was submersed for every bath, after 

which teeth were allowed to dry before being drilled to remove enamel for sampling. 

5.3.3Oxygen Isotope Methodology 

The enamel of 139 adult second molars (M2) (SCR= 80, JBR= 39, Velia= 20) was 

submitted for oxygen (18O) isotope analysis following the protocols established in Koch 

et al. (1997). Each tooth was drilled removing ≥10 mg of dental enamel for sampling. 

Dental enamel was removed using a diamond tipped drill bit in a hand-held electric 

Dremel drill. After each use the drill bit was soaked in 0.25M hydrochloric acid (HCl) to 

avoid cross contamination. After weighing, enamel powder was collected in 1.5 ml plastic 

centrifuge microtubes.   

 Samples were treated with 0.04 ml of 2.5% bleach solution (NaClO) per mg of 

sample after which they were agitated and allowed to react for a period of up to 24 hrs. 

Following this reaction, samples were centrifuged and rinsed with de-ionized water five 

times, centrifuging after each rinse. Each sample next had 0.04 ml of 1M acetic acid 

acetate buffer (CH3CO2H) per mg of sample added to remove potential diagenetic 

secondary carbonates. Samples were agitated and allowed to react for a period of up to 

24hrs. Samples were then centrifuged and rinsed five times with de-ionized water, 

centrifuging after each rinse. After the fifth rinse samples were centrifuged and the 

remaining water removed before allowing samples to dry.  

Once the samples were dry, 2 mg of enamel powder was weighed into stainless 

steel cups. The 2 mg of enamel powder was then reacted with 100% phosphoric acid at 

90C in an autocarb analyzer to produce CO2 gas, which was analyzed on a VG OPTIMA 

Isocarb isotope ratio mass spectrometer (IRMS) at the McMaster Research for Stable 

Isotopologues (MRSI) laboratory to measure 18O values. For each carousel containing 

14 samples one sample was run in duplicate to test for accuracy and reproducibility, that 

is to say 13 samples and 1 duplicate were run with each carousel of samples. Oxygen 

carbonate values were measured in parts per mil (‰) relative to the Vienna Pee Dee 

Belmnite (VPDB) standard. These values were then converted to Vienna Standard Mean 
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Ocean Water (VSMOW) values and then to drinking water values, using the equations 

presented in Faure and Mensing (2005) and Chenery et al. (2012) respectively (See 

Chapter 2 for discussion of these equations).  

Once converted to drinking water values, isotopic samples from all three sites in 

question were compared to GNIP (Global Network of Isotopes in Precipitation) and local 

18Odw data to examine the degree of correspondence between carbonate values and 

expected drinking water values in the regions under consideration. Though conversion to 

drinking water values (dw) provides a gauge of the correspondence between samples 

examined and meteoric precipitation there is also a degree of error in the order of ±1‰ 

that is generated when values are converted from 18Oc VPDB to 18Odw VSMOW 

(Pollard et al. 2011; Chenery et al. 2012). For this reason 18Odw converted values are 

used as a guide for gauging the correspondence between individuals and their presumed 

residential environment, while assessment of local vs. non-local individuals was 

determined using statistical methods of identifying outliers based on 1, 2, and Tukey 

Fence 1.5*IQR ranges (Prowse et al. 2007; Lightfoot and O’Connell 2016; Prowse 2016). 

5.3.4Strontium Isotope Methodology 

The enamel of 60 adult second molars (M2) (SCR= 20, JBR= 20, Velia= 20) was 

submitted for strontium (87Sr/86Sr) isotope analysis following the protocols established in 

Dickin (2005). Each tooth was drilled, removing ≥60 mg of dental enamel for sampling. 

Dental enamel was removed using a diamond tipped drill bit in a hand-held electric 

Dremel drill. After each use the drill bit was soaked in 0.25M hydrochloric acid (HCl) to 

avoid cross contamination. After weighing, enamel powder was collected in plastic 

centrifuge microtubes.   

Enamel was initially dissolved in 1.2 ml of 2.5 M hydrochloric acid (HCl). 

Following full dissolution of the enamel in HCL acid samples were centrifuged for 10 

minutes. Cation exchange was employed to complete the strontium separation. Cation 

exchange columns were calibrated by employing a test “spiked” sample allowing for the 

stage of Sr collection to be assessed (Dickin 2005).  In order to cleanse the cation 

exchange columns before use 10 ml of deionized water was introduced, after which a 
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wash of 60 ml of 6 M HCl was introduced, followed by 10 ml of deionized water, and 

then finally 5 ml of 2.5 M HCl.  

Dissolved enamel solution for each individual was introduced to the exchange 

columns in 1 ml portions and was washed into the column using 1 ml of 2.5 ml HCl, after 

which a wash of 3 ml of 2.5 M HCl was introduced. Waste sample matrix was eluted 

using 20 ml of 2.5 M HCl. After the 20 ml elution, 6 ml of 2.5 M HCl was introduced to 

the columns to collect the strontium. Strontium was collected in 4 ml intervals into Teflon 

beakers. Once the strontium phase was collected samples were placed under a heat lamp 

to dry to a solid state. Samples were next loaded onto a pre-treated single tantalum 

filament in dilute phosphoric acid, after which the samples were loaded in sequence in a 

vacuum system.  

 The 87Sr/86Sr values of the enamel samples was measured by dynamic multi-

collection using a thermal ionization mass spectrometer (TIMS) in the School of 

Geography and Earth Sciences at McMaster University under the direction of Dr. Alan 

Dickin. Strontium results were fractionation normalized to 88Sr/86Sr= .1194, with an 

average 87Sr/86Sr =0.71026±0.000018 (1) for the NIST 987 Sr standard and internal 

precision (within-run precision) of ±0.00003 (2) standard error based on 150 dynamic 

cycles.  

5.3.5–FTIR 

Following the methods outlined in Wright and Schwarcz (1996), dental enamel from 20 

(SCR= 10, JBR= 5, Velia= 5) individuals, randomly selected from within each site and 

proportionally sampled based on the overall number of individuals sampled from each 

site (i.e. more individuals were sampled from SCR than Velia and JBR, so 10 rather than 

5 FTIR samples were run for this larger sample), was subjected to Fourier transformation 

infrared spectroscopy (FTIR) analysis at the McMaster Combustion Analysis and Optical 

Spectroscopy Facility to test for the presence of diagenetic alteration. Samples were first 

cleaned before the enamel was ground into a fine powder and passed through a #200 

mesh sieve. Following this, enamel for each individual was combined with dry potassium 

bromide (KBr) and ground before being compressed into pellets at 10,000 psi. After this 
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preparation samples were analyzed using a Nicolet 6700 dry nitrogen purged FTIR, room 

temperature DTGS detector with extended KBr beam splitter, resolution 4 cm-1 

(wavenumber) at 32 scans in order to obtain absorbance spectra for calculating 

crystallinity index (CI) (See Chapter 2 for discussion of CI). 

5.4–Nonmetric Trait Analyses 

5.4.1–Nonmetric Trait Data Collection 

Nonmetric trait data collection was undertaken in 2012–2013 at the Museo Nazionale 

Preistorico Etnografico “Luigi Pigorini” in Rome, Italy and at the PACEA facilities of the 

Université Bordeaux 1 in Pessac, France. A total of 302 adult individuals were observed 

for a suite 57 nonmetric traits recorded at 177 loci. Individuals from each of the three 

sties examined were sampled based on skeletal preservation and approximating as closely 

as possible sex parity. From Isola Sacra (SCR), 189 individuals were recorded (M= 89; 

F= 100), from Velia 62 individuals were recorded (M= 34; F= 28), and from Rue Jacques 

Brel Necropolis (JBR) 51 individuals were recorded (M= 23; F= 28) to provide a 

biologically representative cross-section of these three sites for nonmetric trait MMD 

analyses (Table 5.2)  

Table 5.2–Distribution, by sex and age, of samples examined for nonmetric traits from 

JBR, SCR, and Velia (see Appendix C for full listing of each individual). 

 18-29 yrs. 30-39 yrs. 40-49 yrs. 50+ yrs. Total 

JBR      

Male 6 12 5 0 23 

Female 7 17 3 1 28 

Sub-Total 13 29 8 1 51 

SCR      

Male 23 23 29 14 89 

Female 25 30 37 8 100 

Sub-Total 48 53 66 22 189 

Velia      

Male 4 9 15 7 35 

Female 7 4 9 7 27 

Sub-Total 11 13 24 14 62 

Overall Total 72 95 98 37 302 
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Dental nonmetric traits (n= 27) were recorded following the Arizona State 

University (ASU) standard score traits using associated scoring plaques according to 

Turner et al. (1991). Infra-cranial traits (n= 10) were selected and recorded based on the 

heritability profiles established in Anderson (1987) and Saunders (1978) where the 

proposed genetic component of development of a given trait was higher than 70% (7/10). 

Cranial nonmetric traits (n= 20) were recorded following the established trait lists in 

Buikstra and Ubelaker (1994), and Hauser and De Stefano (1989). Individuals scored 

were selected based on age (18 yrs.), degree of preservation, and representation of 

skeletal elements. A sub-sample of 139 individuals from among the 302 individuals 

recorded for nonmetric traits were analyzed for 18Oc. Of these 139 individuals, 60 

individuals were also analyzed for 87Sr/86Sr.  

5.4.2–Nonmetric Trait Scoring 

Nonmetric traits were scored using present/absent criteria. Infracranial traits were scored 

as present or absent following standardized descriptions in Saunders (1978) and Anderson 

(1987). Cranial traits were scored as present or absent following standardized descriptions 

in Hauser and De Stefano (1989) and Buikstra and Ubelaker (1994). Dental traits were 

recorded using the standardized Arizona State University Dental Anthropology System 

(ASUDAS), which utilizes a series of plaques showing incremental variations in dental 

trait expression (Turner et al. 1991; Turner and Scott 1997). After recording, dental traits 

were dichotomized into present or absent categories using standardized breakpoints for 

MMD analysis (Turner 1985; Irish 2005, 2015).  

In the case of bilateral traits (e.g. septal aperture in the humeri), traits were scored 

for both antimeres and then the side with the strongest expression was used in analysis, 

being the most discriminating of trait expression (Turner 1985; Schrader et al. 2014). In 

instances where only one antimere for a given trait could be observed in a given 

individual, that side was used for that individual as the highest potential trait expression 

(Turner 1985; Schrader et al. 2014). Each individual was examined for a suite of 57 traits 

(20 cranial, 10 infracranial, 27 dental).  
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5.4.3–Nonmetric Trait Analysis 

Traits were analyzed using C.A.B Smith’s Mean Measure of Divergence (MMD), which 

provides a gauge of similarity between groups of traits, where 0 represents complete 

similarity and 1 represents complete dissimilarity, and can be used with missing data (i.e. 

it can be used with incomplete skeletal samples). Calculation of the MMD was 

undertaken using the R-script (https://cran.r-project.org/) function presented by Soltysiak 

(2011). To accomplish this, two data sheets were created, one with the total number of 

individuals scored for a given trait and the second with the amount present for each trait. 

In both files the first row contains the names of each nonmetric trait and the first column 

records the names of samples to be compared. For R-script analysis, trait occurrences 

were documented as percentages. Given the relatively small sample size the Freeman and 

Tukey (1950) transformation and correction function was used (Green and Suchey 1976).  

 The R-script of Soltysiak (2011) generates four matrices. The first matrix provides 

values of traits utilized, giving the MMD for the single trait and the proportion of positive 

MMD values for the trait, providing a means by which to gauge the ability of each trait to 

discriminate between samples (See Harris and Sjøvold 2003). Traits were removed from 

further MMD analyses where no or all individuals were observed to have a given trait 

(i.e. 0 or 100), and where the number of observable individuals was <10 for any given 

sample. In cases where an MMD value was returned as negative or zero, such traits were 

edited from further MMD analyses. A negative MMD or zero for a given trait may 

indicate that sample size is too small or that the trait is poor for discriminating between 

samples. In the process of trait editing all values that showed the ability to discriminate 

between samples were initially run. Following a first run, samples with the highest degree 

of discrimination were utilized in subsequent runs to generate the most discriminatory 

MMD values. Through the process of trait editing a final 26 traits were determined to be 

the most discriminating for MMD analysis (see Results in Chapter 7). The remaining 

three matrices provided by the R-Script are comprised of the MMD matrix, standard 

deviations (Sjøvold 1973), and the statistical significance for each MMD value using two 

sided Z-scores counted as MMD/SD (Soltysiak 2011). 

https://cran.r-project.org/)
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5.4.4–Intra-Observer Error 

An intra-observer error test was conducted for each respective sample (i.e. separately for 

each of SCR, JBR, and Velia) to ensure that trait recording was accurate and repeatable. 

Intra-observer error testing followed the recommendations of Buikstra and Ubelaker 

(1994), and Molto (1983) where a re-analysis of 10–20% of total sample or a minimum of 

30 individuals is recommended. A randomized sample of individuals to be re-examined 

from each site was established using a random number generator. Intra-observer tests 

were conducted a minimum of one month after the completion of initial trait recording 

allowing for sufficient time to pass between initial recording and intra-observer testing so 

as to avoid biasing the repeatability test due to recent analysis of any given set of skeletal 

remains. Repeatability of >90% was deemed suitable as sufficiently greater than random 

probability of repeat observation for the present study. For Velia 12/62 individuals (20% 

of total sample) were re-examined, for JBR 12/51 individuals (23.5% of total sample) 

were re-examined, and at SCR 30/189 individuals (16% of total sample) were re-

examined for intra-observer error testing.        
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Chapter 6–Isotopic and Nonmetric Trait Results 

 

Part 1–Isotopic Results 

6.1– Significance Testing and Sample Preservation  

6.1.1–Normality and Significance 

Tests of significance were undertaken using SPSS to examine for potentially significant 

differences in 18Oc and 87Sr/86Sr values between males and females and between age 

categories at all three sites. A Shapiro-Wilk test was initially employed to gauge the 

normality of sample distribution. 

6.1.1.1–Significance of Sex  

Where samples were normally distributed a t-test of significance was employed. For non-

normally distributed samples the non-parametric Mann-Whitney U test of significance 

was employed. In all cases at all three sites there was no significant differences between 

males and females at the 0.05 level. Samples were pooled for the purpose of further 

isotopic analyses. 

6.1.1.2–Age Related Significance  

To examine for potentially significant differences in migration patterns based on age at 

death, individuals from all three sites were examined respectively for variation in 18Oc 

and 87Sr/86Sr values based on four age categories: 18-29, 30-39, 40-49, and 50+. For 

samples where the data are normally distributed an ANOVA test was employed to 

examine for significant relationships, while in non-normally distributed samples the non-

parametric Kruskal-Wallis test was employed. In all cases, except for 18Oc at Isola Sacra, 

there was no significant difference between age categories at the 0.05 level. 

At Isola Sacra the non-local proportion of the sample for each age category 

exhibits no obvious trend of significant difference, with the 18–29 age category having 

9/23 (39%) of individuals being non-local, at 30–39 years 11/32 (34%) are non-local, at 
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40–49 years 5/20 (25%) are non-local, while at 50+ years 3/5 (60%) are non-local. The 

increased number of nonlocal individuals in the 50+ category may be a result of the small 

sample size.  To isolate where the significant difference was occurring an a posteriori 

Scheffe test was conducted to compare the four age categories. Scheffe analysis identified 

the greatest difference between age categories 18–29 and 40–49, while all other 

categories returned definitively non-significant values. Individuals in the age 18–29 

category have 18Oc values from -8.5‰ to -3‰ representing a range of 5.5‰, while 

individuals in the 40–49 category have values from -6.2‰ to -3.1‰ representing a 3.1‰ 

range of values. These two categories represent the largest and smallest ranges of values 

respectively (See Chapter 8 for discussion of significant age related differences in 18Oc 

evident at Isola Sacra). 

6.1.2–Dental Enamel Preservation 

To test for any potential instances of diagenetic alteration to the enamel of the second 

molars (M2) sampled from Velia, Isola Sacra (SCR), and Rue Jacques Brel Necropolis 

(JBR), 20 dental enamel samples were submitted to FTIR analysis to assess the 

crystallinity index (CI) (Table 6.1). A CI value of 3.8 or less indicates a well preserved 

sample that has not been affected by diagenetic alteration (Shemesh 1990; Wright and 

Schwarcz 1996; King et al. 2011; Webb et al. 2014). All samples tested from Velia, JBR, 

and SCR have CI values of 3.8 or lower, so dental enamel from these sites has not 

undergone diagenetic apatite recrystallization.  

Table 6.1: Crystallinity Index (CI) values for a sample of 20 second molars (M2) from 

individuals interred at Velia (n= 5), Rue Jacques Brel Necropolis (JBR)    

(n= 5), and Isola Sacra (SCR) (n= 10). 

Sample CI Sample CI Sample CI Sample CI 

Velia 134 3.8 JBR 18 3.7 SCR 36 3.7 SCR 352 3.8 

Velia 146 3.6 JBR 54 3.6 SCR 88 3.6 SCR 433 3.5 

Velia 194 3.6 JBR 59B 3.6 SCR 133 3.5 SCR 470 3.8 

Velia 205 3.3 JBR 64 3.5 SCR 160 3.8 SCR 500 3.6 

Velia 214 3.7 JBR 106 3.5 SCR 201 3.5 SCR 678 3.8 
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6.2–Oxygen (18Oc) Results 

Oxygen (18Oc) data (Table 6.2) were assessed against 1, 2, and 1.5*Interquartile range 

(IQR) ranges. Individuals that fall outside the 1 range are identified as non-local (See 

Prowse et al. 2007, Prowse 2016), while those that fall outside of the 2 and 1.5*IQR 

ranges provide even stronger confirmation that an individual was non-local during M2 

formation (Lightfoot and O’Connell 2016).  

 

Table 6.2–Second molar (M2) 18Oc (‰) VPDB, 18Odw (‰) VSMOW, and 87Sr/86Sr 

values, sex, age, and burial type for individuals sampled from Rue Jacques 

Brel Necropolis (JBR), Isola Sacra (SCR), and Velia.  

 

Site 

M2 18Oc  

VPDB 

M2 18Odw 

VSMOW 87Sr/86Sr Sex Age 

Burial  

Type 

JBR       

JBR 8 -4.1 -6.2 0.70880 F 20+ C 

JBR 16 -5.1 -7.8 0.70907 F 20-25 C 

JBR 18 -3.7 -5.6 0.70865 F 30+ C 

JBR 21 -4.0 -6.1  M 30+ I 

JBR 23 -4.2 -6.4  F 30+ S 

JBR 28b -3.4 -5.0  F 30+ C 

JBR 29 -3.5 -5.2  F 30+ C 

JBR 34 -6.0 -9.3  F 18-19 S 

JBR 35 -4.0 -6.0 0.71064 M 30+ C 

JBR 40 -5.9 -9.1  F 30+ M 

JBR 46 -6.2 -9.6 0.70891 M 30+ Sec. 

JBR 54 -6.9 -10.8 0.71139 F 30+ M 

JBR 55 -3.5 -5.2 0.70932 F 30+ C 

JBR 56 -3.0 -4.4 0.70927 F 30+ C 

JBR 59A  -5.2 -8.0  F 20+ S 

JBR 59B -4.5 -6.9  M 20+ S 

JBR 62 -5.3 -8.1  F 30+ S 

JBR 63 -5.7 -8.9 0.71276 M 20-25 C 

JBR 64 -6.9 -10.8 0.71029 F 30+ C 

JBR 66 -4.6 -7.0  F 30+ C 

JBR 67 -3.9 -5.9  M 30+ S 

JBR 76 -6.0 -9.3 0.71064 M 20+ C 

JBR 82 -5.2 -8.0  M 25-30 C 

JBR 84 -3.8 -5.7 0.70914 M 30+ C 

JBR 85 -4.4 -6.7  F 30+ C 

JBR 86 -3.2 -4.7 0.70869 F 30+ S 

JBR 90 -5.1 -7.9  M 30+ C 

JBR 98 -6.2 -9.6 0.71038 F 30+ I 

JBR 101 -2.6 -3.7 0.70903 F 30+ C 
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JBR 103 -4.2 -6.3 0.70993 F 20+ C 

JBR 105 -5.7 -8.9  M 30+ S 

JBR 106 -5.2 -8.0 0.70912 M 30+ S 

JBR 110 -3.0 -4.5 0.70812 F 30+ C 

JBR 111 -5.0 -7.7 0.70898 M 30+ S 

JBR 112 -3.3 -4.9  M 30+ C 

JBR 115 -4.8 -7.3  M 20-25 C 

JBR 116 -5.8 -9.0  M 30+ C 

JBR 122 -5.3 -8.2 0.70881 M 20+ C 

JBR 128 -5.1 -7.8  M 30+ C 

       
SCR       

SCR 36 -7.7 -12.1  M 20-21 In. 

SCR 68 -8.0 -12.5 0.70811 F 20-30 Cap. 

SCR 75 -4.0 -6.0  M 20-23 Sand 

SCR 88 -3.0 -4.3  M 50+ Sand 

SCR 98 -4.8 -7.4  F 20-25 Cap. 

SCR 99 -6.1 -9.5 0.70723 M 30-35 Cap. 

SCR 106 -4.1 -6.2 0.70906 F 20-23 Cap. 

SCR 127 -3.5 -5.2 0.70916 M 40+ In. 

SCR 133 -6.4 -9.9  M 20-21 T 

SCR 144 -5.7 -8.9  M 25-30 Cap. 

SCR 160 -6.2 -9.7  F 40-50 In. 

SCR 169 -4.9 -7.5  F 20-30 Sand 

SCR 171 -7.2 -11.2 0.70835 M 30-40 Cap. 

SCR 174 -7.6 -11.9 0.70887 M 30-40 T 

SCR 181 -3.9 -5.9  M 40-45 C 

SCR 190 -6.8 -10.7  F 25-30 Cap. 

SCR 191 -5.2 -8.0  M 40-50 Am. 

SCR 193 -4.0 -6.1  F 25-30 Am. 

SCR 194 -3.4 -5.1  F 40-45 In. 

SCR 196 -7.1 -11.1  M 20-25 U 

SCR 199 -3.3 -4.9  F 35-40 U 

SCR 201 -3.9 -5.9  F 35-40 Cap. 

SCR 217 -3.5 -5.2  M 30-40 Am. 

SCR 220 -3.3 -4.9  M 40-45 T 

SCR 239 -4.9 -7.6  F 40-45 Sand 

SCR 245 -5.2 -8.0 0.70797 F 35-40 Am. 

SCR 250 -3.6 -5.3  M 40-50 Sand 

SCR 251 -6.1 -9.4  M 30-40 Cap. 

SCR 252 -4.0 -6.1  F 40-45 Sand 

SCR 269 -3.2 -4.8 0.70918 F 35-40 T 

SCR 272 -5.5 -8.5  F 30-35 Sand 

SCR 282 -6.5 -10.2  M 30-40 Sand 

SCR 285 -3.0 -4.4 0.70879 F 50+ In. 

SCR 287 -6.5 -10.2 0.70905 F 30-40 Cap. 

SCR 298 -4.4 -6.7  M 40-50 Sar. 

SCR 301 -3.5 -5.2  M 30-40 Cap. 

SCR 303 -3.9 -5.9  M 35-40 Cap. 

SCR 312 -4.2 -6.3  F 35-40 S.Cap. 

SCR 314 -3.3 -4.9  F 40-50 Sand 

SCR 320 -8.5 -13.4 0.70966 F 20-25 In. 
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SCR 321 -4.5 -6.9 0.70908 F 30-35 Sand 

SCR 324 -5.0 -7.7 0.70782 F 30-40 Cap. 

SCR 326 -3.2 -4.7  F 35-40 S.Cap. 

SCR 329 -3.5 -5.3  F 40-50 Cap. 

SCR 330 -6.2 -9.7  F 20-25 T 

SCR 334 -5.0 -7.7  F 30-35 Sand 

SCR 343 -4.9 -7.4  M 20-25 In. 

SCR 344 -6.2 -9.7  M 30-35 Sand 

SCR 352 -7.2 -11.3  F 35-40 S.Cap. 

SCR 361 -3.0 -4.4 0.70931 M 20-25 Cap. 

SCR 362 -3.1 -4.6  F 40-50 T. 

SCR 376 -7.5 -11.9 0.71052 M 35-40 In. 

SCR 404 -6.8 -10.6  M 20-25 In. 

SCR 411 -5.9 -9.2 0.70883 F 20-25 Cap. 

SCR 430 -5.9 -9.1 0.70884 M 45-50 Sand 

SCR 431 -6.0 -9.4  F 40-50 Col. 

SCR 433 -3.5 -5.2  F 30-35 T 

SCR 435 -4.1 -6.2  M 40-45 Sar. 

SCR 442 -3.6 -5.4  F 30-40 T 

SCR 443 -4.2 -6.3  F 40-50 T. 

SCR 445 -3.3 -5.0  F 20-30 Col. 

SCR 448 -5.5 -8.6  M 30-35 T. 

SCR 452 -3.3 -4.9  F 30-40 T. 

SCR 462 -3.5 -5.2  M 30-40 In. 

SCR 463 -6.3 -9.9  M 30-40 T. 

SCR 464 -4.8 -7.3  M 25-30 In. 

SCR 467 -3.4 -5.1  F 30-35 Cap. 

SCR 470 -3.5 -5.2  F 25-30 Sar. 

SCR 479 -5.1 -7.9  F  30-40 T. 

SCR 484 -6.1 -9.4 0.70923 F 25-30 Col. 

SCR 485 -4.7 -7.2 0.70816 M 40-50 Col. 

SCR 500 -6.3 -9.9  M 20-25 U. 

SCR 525 -4.9 -7.5 0.70923 M 40-50 Am. 

SCR 526 -5.3 -8.2  M 30-40 T. 

SCR 562 -4.3 -6.6  M 50+ Cap. 

SCR 602 -3.4 -5.1  F 25-30 Am. 

SCR 678 -6.6 -10.4  M 50+ T. 

SCR 698 -3.3 -4.9  M 40-50 U. 

SCR 730 -5.8 -9.0  M 50+ U. 

SCR 797 -6.3 -9.9  M 30-40 T. 
       

Velia       
Velia 57 -1.1 -1.3 0.70788 M 30-35 In. 

Velia 82 -4.1 -6.2 0.70879 F 50+ In. 

Velia 117 -5.6 -8.7 0.70880 F 20-30 In. 

Velia 134 -5.8 -9.0 0.70890 F 20-30 In. 

Velia 139 -4.6 -7.0 0.70839 M 30-40 In. 

Velia 146 -4.3 -6.5 0.70827 M 43-55 In. 

Velia 160 -4.9 -7.5 0.70866 F 30-40 In. 

Velia 169 -5.5 -8.4 0.70874 M 30-40 In. 

Velia 174 -4.7 -7.1 0.70869 M 40-50 In. 

Velia 181 -4.7 -7.1 0.70866 F 50+ In. 

Velia 182 -4.2 -6.3 0.70873 M 25-30 In. 
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Velia 186 -3.6 -5.4 0.70857 M 20-24 In. 

Velia 194 -5.8 -9.1 0.70860 M 30-40 In. 

Velia 205 -2.4 -3.5 0.70868 F 30-40 In. 

Velia 211 -6.0 -9.4 0.70901 M 30-35 In. 

Velia 214 -5.5 -8.5 0.70822 F 25-35 In. 

Velia 222 -3.5 -5.3 0.70878 M 30-40 In. 

Velia 223 -5.4 -8.4 0.70875 F 40-45 In. 

Velia 270 -3.9 -5.9 0.70900 F 40-50 In. 

Velia 283 -4.2 -6.4 0.70882 F 50+ In. 

 

Am. = amphora burial, C = coffin, Cap. = cappucina, Col. = columbaria,  

I = indeterminate,  In. = inhumation, M = monumental tomb, S= soil burial, Sand = sand 

burial, Sar. = sarcophagus, Sec. = secondary inhumation, S.Cap. = semi-cappucina,  

T. = tomb, U. = unknown. 
 

6.2.1– Isola Sacra and Velia 18Oc Results 

Given the nature of the Italian peninsula, being nearly symmetrical north to south and east 

to west, the distribution of predicted 18Odw values of the peninsula are rather uniform 

resulting in large north to south areas of homogeneous 18Odw values in precipitation 

(Longinelli and Selmo 2003). This is to say that from east to west the Italian peninsula 

rises steadily from the Tyrrhenian coast to the Apennines before gradually descending 

towards the Adriatic coast. From north to south the Italian peninsula extends from the 

base of the Alps rising to the Apennines forming a spine almost fully to the Ionian coast 

(Longinelli and Selmo 2003). Both Isola Sacra, at the mouth of the Tiber, and Velia, in 

the Cilento, are situated on the Tyrrhenian coast, which in terms of precipitation 18Odw 

values places both sites within the same range of expected local values (Figure  2.1). 

Using 18Oc values from the deciduous dental enamel of a sample of 19 modern Roman 

individuals, Prowse et al. (2007) establish an expected local range for the area around 

Isola Sacra and Rome as being between -6‰ to -4‰, which  Killgrove (2010a) later 

argues should be -5.8‰ to -3.7‰. At one standard deviation (1) the results of the 

current study largely correspond with this range, with the range at Isola Sacra being 

identified as -6.4‰ to -3.5‰ (Figure  6.1, Table 6.2), while at Velia the 1 range was 

identified as -5.7‰ to -3.3‰ (Figure  6.2, Table 6.2). Based on these 1 ranges 28/80 

(35%) individuals sampled from Isola Sacra appear non-local, while at Velia 5/20 (25%) 
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individuals appear non-local. In an attempt to provide a more conservative degree of 

discrimination in assigning “local” vs. “non-local,” 18Oc values were also gauged against 

2, and inter-quartile range (IQR) values using the Tukey fence (Q1-1.5*IQR to 

Q3+1.5*IQR) method (Lightfoot and O’Connell 2016). At the 2 level the Isola Sacra 

range is expanded to -7.8‰ to -2.0‰, at which 2/80 (2.5%) individuals were identified as 

non-local, while at Velia the range expands to -6.9‰ to -2.0‰, at which 1/20 (5%) 

individual appears non-local. Using 1.5*IQR the range for Isola Sacra expands to -10.1‰ 

to +0.45‰, identifying 0/80 individuals as non-local, while at Velia the range expands to 

-7.5‰ to -1.9‰, at which 1/20 (5%) individual appears non-local.  

 

Figure 6.1–18Oc (‰) VPDB results for Isola Sacra (SCR, n= 80), showing ranges for 1 

standard deviation (1) in red, two standard deviations (2) in blue, and 

Tukey 1.5*IQR in green. 

 

 

 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 153 

 

Figure 6.2–18Oc (‰) VPDB results for Velia (n= 20), showing ranges for 1 standard 

deviation (1) in red, two standard deviations (2) in blue, and Tukey 

1.5*IQR in green. 

 

Looking at 18Odw, a degree of correspondence between 18Oc for Isola Sacra and 

Velia is evident when comparing converted 18Odw values to precipitation data presented 

by Longinelli and Selmo (2003) for Italy (Table 6.2). At Isola Sacra the 18Odw (1) range 

is -9.9‰ to -5.2‰, while at Velia the range is -8.9‰ to -4.8‰, providing respective 

ranges consistent with values expected on the Italian peninsula. However, as discussed 

above, these ranges are also subject to a degree of error in the order of ±1‰ generated 

through the conversion of 18Oc to 18Odw values and are used here only as a gauge. 

Problematically, these 18Odw (1) ranges also cover a majority of the range of expected 

18Odw values for the Italian peninsula. With that said, the converted 18Odw values of a 
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number of individuals suggest an origin from distant locales, including northern Europe 

(SCR 320) and north Africa (Velia 57) (See Table 6.2). 

6.2.2–Comparison of 18Oc Signatures in M1 vs. M2 vs. M3 from Isola Sacra 

In an attempt to address ongoing questions of potential childhood mobility at Isola Sacra, 

as previously suggested by Prowse et al. (2007) and contested most notably by Bruun 

(2010, 2016), the second molars (M2) of 20 individuals, whose M1 and M3 values were 

presented by Prowse et al. (2007), were analyzed as part of the present study following 

the maximum 18Oc range established by Prowse et al. (2007), and expanded by Killgrove 

(2010a), of -6.0‰ to -3.7‰ (Table 6.3). Original M1 values presented by Prowse et al. 

(2007) were corrected by 0.7‰ to take into account enrichment of 18O associated with 

breastfeeding (See Wright and Schwarcz 1998).   

Among the individuals sampled six individuals (Female= SCR 169, 201, 245, 

479; Male= SCR 343, 464) present a local signature across all three molars, suggesting 

their lifetime residency in the area of Isola Sacra. Two individuals (Male= SCR 435, 525) 

migrated to the area of Isola Sacra after completion of their M1 (>2.5–3 yrs.) but before 

completion of their M2 (~7–8 yrs.) suggesting a young age of mobility. Four individuals 

(Female= SCR 320; Male= SCR 133, 174, 361) appear to have migrated to the area of 

Isola Sacra after the formation of their M2 (>7–8 yrs.) but before completion of their M3 

(~10–17.5 yrs.). Of the 20 individuals examined, there are eight individuals who present a 

more ambiguous signature in that their M1s fall within the local range for Isola Sacra, 

suggesting that they may have been born and resided in this area, but have non-local M2 

and/or M3 signatures, suggesting they were absent from the area of Isola Sacra during 

this time. Of these eight individuals two individuals (Female= SCR 68, 199) have non-

local M2 and M3 signatures, suggesting mobility away from Isola Sacra around age 2.5–3 

yrs. before returning to the area of Isola Sacra after completion of M3 development. One 

individual (Male= SCR 448) has a non-local M3 signature implying mobility away from 

Isola Sacra around age 7-10. Five of the eight individuals (Female= SCR 194; Male= 220, 

250, 462, 500) have signatures in which their M1s are local, M2s have a non-local 

signature, and M3s have a local signature. This mixture of signals may suggest that these 
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individuals spent the early years of their life in the environs of Isola Sacra, were absent 

from the area of Isola Sacra during M2 formation, before residing once again in the 

vicinity of Isola Sacra during M3 formation, suggesting a period of mobility from age 

~2.5–7 years.   

Table 6.3–Comparison of 18Oc (‰) VPDB in M1 vs. M2 vs. M3 for 20 individuals 

(male= 12, female= 8) from Isola Sacra. M1 and M3 data were originally 

presented in Prowse et al. (2007). M2 data are from the present study. 

Original M1 values, listed in the “M1” column, from Prowse et al. (2007) 

have been corrected by 0.7‰ (M1-0.7‰) to account for potential 

enrichment of 18O associated with breastfeeding (see Wright and Schwarcz 

1998). Values highlighted green fall within the local range of -6.0‰ to         

-3.7‰ for Isola Sacra as established by Prowse et al. (2007) and expanded 

by Killgrove (2010a). Ages associated with dental development are based on 

Schour and Massler (1940) where: crown formation, M1= birth, M2= 2.5–3 

yrs., and M3= 7-10 yrs.; crown completion, M1= 2.5–3 yrs., M2= 7–8 yrs., 

M3= 10–17.5 yrs. 

SCR  18Oc (‰) VPDB  M/F M1  M1-0.7‰ M2  M3  Assessment 

SCR 68 F -5.3 -6.0 -8.0 -7.1 born local?, mobile before age ~7-8 yrs. 

SCR 133 M -6.9 -7.6 -6.4 -5.3 non-local until after age ~7-8 yrs. 

SCR 169 F -4.9 -5.6 -4.9 -4.2 local 

SCR 174 M -6.1 -6.8 -7.6 -5.8 non-local until after age ~7-8 yrs. 

SCR 194 F -4.7 -5.4 -3.4 -4.0 born local?, mobile from age ~2.5-7 yrs. 

SCR 199 F -4.8 -5.5 -3.3 -3.6 born local?, mobile before age ~7-8 yrs. 

SCR 201 F -4.1 -4.8 -3.9 -5.4 local 

SCR 220 M -4.7 -5.4 -3.3 -5.1 born local?, mobile from age ~2.5-7 yrs. 

SCR 245 F -5.3 -6.0 -5.2 -4.4 local 

SCR 250 M -4.7 -5.4 -3.6 -3.8 born local?, mobile from age ~2.5-7 yrs. 

SCR 320 F -7.5 -8.2 -8.5 -5.1 non-local until after age ~7-8 yrs. 

SCR 343 M -5.3 -6.0 -4.9 -5.6 local 

SCR 361 M -5.4 -6.1 -3.0 -4.2 non-local until after age ~7-8 yrs. 

SCR 435 M -6.9 -7.6 -4.1 -4.9 non-local until after age ~2.5-3 yrs. 

SCR 448 M -5.1 -5.8 -5.5 -6.3 born local?, mobile after age ~7-8 yrs. 

SCR 462 M -4.9 -5.6 -3.5 -4.4 born local?, mobile from age ~2.5-7 yrs. 

SCR 464 M -4.3 -5.0 -4.8 -4.3 local 

SCR 479 F -5.1 -5.8 -5.1 -5.1 local 

SCR 500 M -5.1 -5.8 -6.3 -4.2 born local?, mobile from age ~2.5-7 yrs. 

SCR 525 M -5.5 -6.2 -4.9 -4.4 non-local until after age ~2.5-3 yrs. 
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6.2.3–Rue Jacques Brel Necropolis 18Oc Results 

Unlike the large north-south bands of uniform values observed on the Italian peninsula, 

18Odw values of France are more geographically variable given the location and diverse 

topography of the region. France is bounded by the Atlantic Ocean to the west, the 

English Channel and North Sea to the north, by the Pyrenees in the southwest, the 

Mediterranean in the south, and the Alps and the Rhine to the east. The region around 

Rue Jacques Brel Necropolis, in Saintes, France, has an average expected 18Odw value of 

-7.0‰ to -5.0‰, and is situated in close proximity to regions in excess of this range based 

on values derived from GNIP data and snail shell carbonate (Figure 6.3) (Lécolle 1985; 

GNIP 2015).  

 

Figure 6.3–Partial 18Odw (‰) VSMOW map of precipitation in France with red star 

indicating the location of the Rue Jacques Brel Necropolis (reprinted from 

Chemical Geology, vol. 58, Lécole P., The Oxygen Isotope Composition of 

Landsnail Shells as a Climatic Indicator: Applications to Hydrogeology and 

Paleoclimatology, 157–181, 1985, with permission from Elsevier). 
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For the samples examined from JBR, a 18Oc (1) range of -5.8‰ to -3.6‰ was 

established, for which 15/39 (38%) individuals appear non-local. At 2 the 18Oc range 

expands to -6.9‰ to -2.5‰, reducing the number of apparent non-local individuals to 

0/39, which is also true of the 1.5*IQR range at -7.9‰ to -1.3‰ (Figure 6.4, Table 6.2).  

   

Figure 6.4–18Oc (‰) VPDB results for Rue Jacques Brel Necropolis (JBR, n= 39), 

showing ranges for 1 standard deviation (1) in red, two standard deviations 

(2) in blue, and Tukey 1.5*IQR in green. 

 

6.3–Strontium Results 

6.3.1–Velia 87Sr/86Sr Results 

The geology of Velia is a mixture of lower Miocene flysch, the so called “flysch of the 

Cilento,” including limestone, sandstone, and dolomite, lower Pleistocene conglomerates, 

middle Pleistocene clays with peat, and sand with volcanic ashes, as well as more recent 

Holocene gravels and sand with beach gravels (Gelati et al. 1989; Guariglia 2011). A 

local 87Sr/86Sr range of expected bioavailable values for the area of Velia was derived by 
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Oliver Craig (pers. comm.) from a series of 9 archaeofaunal pig teeth, with a 2 local 

range of 0.70784–0.70979 (Table 6.4). Taking this expected local range into 

consideration none of the individuals examined from Velia in the present study fall 

outside of the expected local 87Sr/86Sr range (Figure 6.5, Table 6.2).   

Table 6.4–87Sr/86Sr values of 9 pig teeth analyzed by Oliver Craig from Velia. 

Sample 87Sr/86Sr  

VE-2 0.70831  

VE-3 0.70835  

VE-9 0.70837  

VE-6 0.70868  

VE-10 0.70886  

VE-8 0.70892  

VE-4 0.70894  

VE-5 0.70902  

VE-7 0.70989  

Average 0.70881  

2 range 0.70784 0.70979 

 

 

 

Figure 6.5–Strontium results for Velia (n= 20). Horizontal red lines indicate the expected 

local 87Sr/86Sr range (2). 
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6.3.2–Isola Sacra (SCR) 87Sr/86Sr Results 

The region around Isola Sacra at the mouth of the Tiber river on the Tyrrhenian coast is 

comprised of continental and marine sediments almost everywhere later than the Middle 

Pliocene, being most commonly Holocene and Pleistocene sediments typified by gravels, 

clays, and sands. In close proximity along the Tiber river, Rome is situated in a region of 

dormant Pleistocene volcanic activity comprising lavas, ignimbrites and pyroclastic rocks 

associated with the Colli Albani and Monti Sabatini volcanic complexes, which overlay 

continental and marine sediments of similar geology to the area around Isola Sacra 

(Ogniben et al. 1975; Gelati et al. 1989; Giraudi 2011; Goiran et al. 2011; Killgrove and 

Montgomery 2016). Beginning in the late 1st c. CE a main source of drinking water at 

Portus was provided by a spring fed aqueduct originating in the hills around Ponte Galeria 

~9 km. north of Portus along the via Portuensis, and running parallel along the Tiber 

(Petriaggi et al. 1995; Keay and Millett 2005a; Keay and Paroli 2011b). The Ponte 

Galeria area is typified by river conglomerates, marine gravels, sands, and mixed tuffs 

from the Alban hills (De Rita and Zarlenga 2001; Heiken et al. 2005).  

 A local range for the area of Isola Sacra has been derived from published results 

examining 87Sr/86Sr in the area around Rome and extending along the Tiber to the 

Tyrrhenian coast. Data were compiled from tests of mineral water values (Voerkelius et 

al. 2010), geology (Barbieri et al. 1979; Federico et al. 1994; Barbieri and Sappa 1997; 

Brems et al. 2013), examinations of paleofauna (Palombo et al. 2005; Pellegrini et al. 

2008), and archaeofauna and local human values (Killgrove 2010a, 2013; Killgrove and 

Montgomery 2016). Taking these published values into consideration, which reflect the 

mixture of sedimentary Plio-Quaternary values of the coastal Tiber region, contributions 

from sea water (0.7092), as well as the increasingly volcanic signatures of the area 

surrounding the Tiber valley and forming a significant portion of the region around 

Rome, it was possible to establish an expected local range of between 0.70790–0.71030. 

This expected local range for Isola Sacra corresponds fairly well with the proposed 

statistical “non-local” identifier recommended by Grupe et al. (1997), as being any 

individuals that fall outside two standard deviations of the mean, which for the 20 

individuals sampled from SCR in the present study provides an expected local range of 
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0.70737–0.71027. Based on the expected local range, 3/20 (15%) individuals sampled 

from Isola Sacra appear non-local (Figure 6.6, Table 6.2).  

 

Figure 6.6–Strontium results for Isola Sacra (SCR, n= 20). Horizontal red lines indicate 

the expected 87Sr/86Sr local range (2). 

6.3.3–Rue Jacques Brel Necropolis (JBR) 87Sr/86Sr Results 

Saintes, France, where JBR is located, is situated in a region of predominantly Late 

Cretaceous geology, namely Santonian-Campanian, Saintes being the namesake of the 

Santonian geological age. Saintes is situated between areas dominated by Jurassic 

geology in the north, beginning around Saint-Jean-d’Angély, and Pliocene-Pleistocene 

geology in the south, beginning around Bordeaux. The region around Saintes is 

dominated by limestones, including fossiliferous, bioclastic and argillaceous, with some 

gravely areas, clay, marl, and riverine Holocene sands (Kelly 2007; Aquilina et al. 2013; 

Willmes et al. 2014; OneGeology 2016). 

 Based on bioavailable 87Sr/86Sr values of soils and biota compiled by Willmes et 

al. (2014) as part of the Isotopic Reconstruction of Human Migration (IRHUM) project, 

the area around Saintes has an expected 87Sr/86Sr range of 0.70760–0.71000 (Figure 6.7), 

a range that is further supported by the soil and plant samples presented by Kelly (2007). 
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Based on this expected range 6/20 (30%) of the individuals sampled for 87Sr/86Sr from 

JBR have a non-local signature (Figure 6.8, Table 6.2).  

 

 

 

Figure 6.7– 87Sr/86Sr value map of France, red star indicates the location of Rue Jacques 

Brel Necropolis (strontium range data and map used under Creative 

Commons 3.0 License from IRHUM–Isotopic Reconstruction of Human 

Migration, Willmes et al. 2014). 

 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 162 

 

Figure 6.8–Strontium results for Rue Jacques Brel Necropolis (JBR, n= 20). Horizontal 

red lines indicate the expected 87Sr/86Sr local range (2). 

 

6.4–Combined 87Sr/86Sr and 18O Results 

6.4.1–Combined Isotopic Results for Rue Jacques Brel Necropolis (JBR) 

Of the twenty individuals sampled for both 18Oc and 87Sr/86Sr from Rue Jacques Brel 

Necropolis (JBR) eight individuals (Male= JBR 84, 106, 111, 122; Female= JBR 8, 16, 

18, 103) fall within the local range for both 18Oc (1) and 87Sr/86Sr (Figure 6.9, Table 

6.2). Five individuals (Female= JBR 55, 56, 86, 101, 110) fall within the local 87Sr/86Sr 

range but have enriched non-local 18Oc (1) signatures. One individual falls within the 

local 87Sr/86Sr range but has a non-local depleted 18Oc (1) signature. Two individuals 

(Male= JBR 35, 63) fall within the local 18Oc (1) range but outside of the local 87Sr/86Sr 

range. There are four non-local individuals (Male= JBR 76; Female= JBR 54, 64, 98) 

who fall outside of both the local 87Sr/86Sr and 18Oc (1) ranges, having enriched 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 163 

87Sr/86Sr signatures and lower 18Oc (1) signatures. None of the individuals sampled fall 

outside of the 2 or 1.5*IQR 18Oc ranges.   

 

Figure 6.9–Combined 18Oc (‰) VPDB and 87Sr/86Sr results for Rue Jacques Brel 

Necropolis (JBR) with expected local 87Sr/86Sr (2) (horizontal red lines), 

18Oc (1) (vertical red lines), 18Oc (2) (vertical blue lines), and 18Oc 

1.5*IQR (vertical green lines).  

6.4.2–Combined Isotopic Results for Isola Sacra 

Of the twenty individuals sampled for both 18Oc and 87Sr/86Sr from Isola Sacra nine 

individuals (Male = SCR 127, 430, 485, 525; Female= 106, 245, 321, 411, 484), fall 

within both the local 18Oc (1) and 87Sr/86Sr ranges (Figure 6.10, Table 6.2). Two 

individuals (Male= SCR 99; Female= SCR 324) fall within the local 18Oc (1) range but 

outside of the local 87Sr/86Sr range. Six individuals (Male= SCR 171, 174, 361; Female= 
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SCR 269, 285, 287) fall within the local 87Sr/86Sr  range but outside of the 18Oc (1) 

range. Two individuals (Female= SCR 68, 320) fall within the local 87Sr/86Sr range but 

outside of the 18Oc (2) range. One individual (Male= SCR 376) falls outside both the 

local 87Sr/86Sr  and 18Oc (1) ranges. None of the individuals sampled fall outside of the 

1.5*IQR 18Oc range. 

 

Figure 6.10– Combined 18Oc (‰) VPDB and 87Sr/86Sr results for Isola Sacra (SCR) 

with expected local 87Sr/86Sr (2) (horizontal red lines), 18Oc (1) (vertical 

red lines), 18Oc (2) (vertical blue lines), and 18Oc 1.5*IQR (vertical green 

lines).  

6.4.3–Combined Isotopic Results for Velia 

At Velia of the 20 individuals sampled for 18Oc and 87Sr/86Sr, fifteen individuals (Male= 

SCR 139, 146, 160, 169, 174, 182, 186, 222; Female= SCR 82, 117, 181, 214, 223, 270, 

283) fall within the local 18Oc (1) and 87Sr/86Sr ranges (Figure 6.11, Table 6.2). Four 
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individuals (Male= SCR 194, 211; Female= 134, 205) fall within the local 87Sr/86Sr range 

and outside of the local 18Oc (1) range. One individual (Male= SCR 57) falls within the 

local 87Sr/86Sr range but outside of both the 2 and 1.5*IQR 18Oc ranges. 

 

 

Figure 6.11– Combined 18Oc (‰) VPDB and 87Sr/86Sr results for Velia with expected 

local 87Sr/86Sr (2) (horizontal red lines), 18Oc (1) (vertical red lines), 

18Oc (2) (vertical blue lines), and 18Oc 1.5*IQR (vertical green lines).  

6.5–Summary of Isotopic Results 

Based on the results of the samples isotopically analyzed from Isola Sacra, Velia, and Rue 

Jacques Brel Necropolis there are clear indications of mobility among women and men at 

all three sites. The proportion of mobile individuals evident at all three sites varies with 

the isotopic method used, with 18Oc suggesting the largest number of mobile individuals, 

while 87Sr/86Sr and combine oxygen and strontium suggest a lower number of mobile 

individuals (Table 6.5). Though these methods are complementary, regional variation in 
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one or the other isotopic signature may over or underestimate the number of mobile 

individuals depending on which region(s) individuals moved from and between during 

M2 formation, as well as potentially due to regional isotopic signal homogeneity and 

factors such as sea spray, imported foods, and variable water source exploitation.  

Table 6.5–Non-local individuals from SCR, JBR, and Velia identified by isotopic 

analyses.  

Non-Local Individuals 18Oc (1) 87Sr/86Sr Combined 

SCR 28/80 (35%) 3/20 (15%) 1/20 (5%) 

JBR 15/39 (38%) 6/20 (30%) 4/20 (20%) 

Velia 5/20 (25%) 0/20 (0%) 0/20 (0%) 

 

From the data gathered through M1 vs. M2 vs. M3 analysis it is evident that childhood 

mobility was occurring among a number of the individuals who were ultimately interred 

at Isola Sacra. The results of this multi-tooth analysis suggest several patterns of mobility 

as well as numerous potential regions of mobility and migration. The implications of the 

isotopic signatures of the respective individuals examined in this study will be discussed 

in greater depth in tandem with the nonmetric trait results in Chapter 8–Discussion.    

 

Part 2–Nonmetric Trait Results 

6.6–Nonmetric Traits 

6.6.1–Trait Selection 

An examination of nonmetric traits was undertaken on a sample of 302 individuals, 51 

individuals from Rue Jacques Brel necropolis (JBR), 62 individuals from Velia, and 189 

individuals from Isola Sacra (SCR) to assess the degree of phenetic similarity and 

divergence between these sites (Table 5.2).  

 

 

 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 167 

To achieve this objective, cranial (Hauser and De Stefano 1989; Buikstra and Ubelaker 

1994), infra-cranial (Anderson 1987; Saunders 1989), and dental (Turner et al. 1991; 

Scott and Turner 1997) nonmetric traits were examined. From a suite of 57 traits  

(20 cranial, 10 infracranial, 27 dental) observed across 177 loci 26 traits were identified 

through the MMD R-Script of Soltysiak (2011) as the most discriminatory for the purpose 

of mean measure of divergence (MMD) analysis (Table 6.6, see Appendix D for a full list 

of traits recorded).  

Table 6.6–Nonmetric traits (NMT) used for conducting MMD analyses of the individuals 

from JBR, SCR, and Velia, showing: number present/total observed (%), 

intra-observer results, and break points (after Turner et al. 1991; Scott and 

Turner 1997) for scoring traits where, P= present, A= absent. CVBFT= 

cervical vertebrae bipartite transverse foramen. 

 
Trait JBR SCR Velia Intra-Observer Break Point 

Metopic Suture 2/25 (8.0%) 6/117 (5.2%) 9/39(23.1%) 54/54 (100%) P/A 

Parietal Foramen L. 13/26 (50%) 44/122 (36.1%) 15/41(36.6%) 52/54 (96%) P/A 

Coronal ossicle R. 1/18 (5.6%) 7/97 (7.3%) 0/29 (0.0%) 54/54 (100%) P/A 

Saggittal ossicle 0/17 (0.0%) 2/100 (2.0%) 3/35 (8.6%) 53/54 (98%) P/A 

Apical ossicle 2/19 (10.6%) 14/103 (13.6%) 0/33 (0.0%) 53/54 (98%) P/A 

Lambdoidal ossicle L. 4/19 (21.1%) 52/110 (47.3%) 13/37 (35.2%) 50/54 (93%) P/A 

Asterionic ossicle R. 0/16 (0.0%) 9/85 (10.6%) 3/30 (10.0%) 51/54 (94%) P/A 

Inca Bone 2/25 (8.0%) 2/113 (1.8%) 0/40 (0.0%) 54/54 (100%) P/A 

Divided hypoglossal canal L. 12/31(38.8%) 27/100 (27.0%) 17/39 (43.6%) 52/54 (96%) P/A 

Tympanic dihiscence R. 4/29 (13.8%) 10/121 (8.3%) 1/43 (2.4%) 54/54 (100%) P/A 

Mental foramen R. 33/34(97.1%) 106/126 (84.2%) 54/55 (98.2%) 53/54 (98%) P/A 

Mylohyoid bridge L. 3/29 (10.4%) 27/120 (22.5%) 15/54 (27.8%) 51/54 (94%) P/A 

Atlas foramen double R. 0/28 (0.0%) 3/96 (3.2%) 6/43 (14.0%) 51/54 (94%) P/A 

Retro-articular bridge R. 1/19 (5.3%) 9/87 (10.4%) 12/38 (31.6%) 53/54 (98%) P/A 

CVBFT R. 10/20(50.0%) 30/92 (32.7%) 11/44 (25.0%) 50/54 (92%) P/A 

Supracondylar spur R. 3/42 (7.2%) 3/163 (1.9%) 1/63 (1.6%) 54/54 (100%) P/A 

Calcaneal facet divided L. 16/30(53.4%) 52/135 (38.6%) 29/66 (44.0%) 50/54 (93%) P/A 

Interruption grove UI2L 3/15 (20.0%) 10/84 (12.0%) 13/30 (43.4%) 51/54 (94%) ≥ Grade 1 

Tuberculum dentale UI2R 0/13 (0.0%) 2/83 (2.5%) 8/32 (25.0%) 54/54 (100%) ≥ Grade 1 

Canine mesial ridge UCR 0/21 (0.0%) 1/92 (1.1%) 4/36 (11.2%) 53/54 (98%) ≥ Grade 1–3 

Cusp 5 UM2R 2/23 (8.7%) 8/105 (7.7%) 0/34 (0.0%) 54/54 (100%) Grade 1-5 

C2.parastyle UM1R 0/19 (0.0%) 0/101 (0.0%) 3/29 (10.4%) 53/54 (98%) ≥ Grade 1 

Premolar ling. Cusp LP2R 6/28 (21.5%) 13/103 (12.7%) 3/48 (6.3%) 53/54 (98%) ≥ Grade 1 

Groove Y LM1R 24/25(96.0%) 88/109 (80.8%) 16/39 (41.1%) 50/54 (93%) Y-pattern 

Cusp 7 LM1R 0/24 (0.0%) 7/93 (7.6%) 1/37 (2.8%) 54/54 (100%) Grade 1-4 

Enamel extension UM3L 3/17 (17.7%) 0/79 (0.0%) 0/39 (0.0%) 50/54 (93%) ≥ Grade 2–3 
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Numerous traits can occur bilaterally in respective antimeres (e.g. tuberculum dentalae) 

however only one side is used in MMD analysis to avoid false correlation and 

overrepresentation caused by essentially recording the same trait in two locations. The 

same is true of traits that occur on multiple elements (e.g. enamel extension). In these 

cases both sides and all elements in which a trait occurs are initially recorded and then the 

most discriminating of the trait locations is utilized in the final MMD analysis. As a result 

of this process of utilizing traits in one antimere and one element, coupled with removal 

of the least discriminatory traits, the number of traits used in MMD analysis was reduced 

to 26 highly discriminatory traits, allowing for the most robust MMD analysis results. 

For the approximately sex balanced sample of 302 individuals examined from SCR, JBR, 

and Velia (see Table 5.2) no disparity in trait manifestation between the sexes was 

evident at the 0.05 level using chi-squared. Given the absence of sex bias in trait 

manifestation, males and females were pooled for MMD biodistance calculation (see Irish 

1997, 2005). Intra-observer test results for all traits employed in MMD analysis was 

>90% providing a degree of confidence and reproducibility significantly greater than 

random probability, indicating that the traits utilized in MMD analysis for this study have 

been accurately recorded and represented. 

6.6.2–MMD Results 

Based on the MMD analyses using the R-Script presented by Soltysiak (2011) a matrix of 

phenetic divergence was derived (Table 6.7). MMD matrices utilize 0 to signify high 

similarity of compared samples, while 1 indicates high dissimilarity. Values between 0 

and 1 indicate varying degrees of divergence between compared samples (Sjøvold 1977).  
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Table 6.7–Matrix of MMD values for JBR, SCR, and Velia. Values in yellow below the 

diagonal are MMD values, values in green above the diagonal are standard 

deviations (SD), with 2*SD in brackets. For all three sites the MMD is 

>2*SD, thus rejecting the null hypothesis that Sample Population 1 = 

Sample Population 2 at the 0.025 level (Sjøvold 1977; Irish 2005). 

  

 

Using the protocol established in Sjøvold (1977) all MMD values in the present 

study reject the null hypothesis, being that the compared samples are the same (P1 = P2), 

at the 0.025 confidence level when the MMD value is greater than two times the standard 

deviation (2*SD) (Irish 2005). This qualification has been met by all three samples in the 

present study, indicating that the three samples are biologically distinct from one another. 

For the MMD comparison of JBR, SCR, and Velia it is evident that the degree of 

divergence between the three sites overall is rather small, with all three sites appearing 

relatively similar, suggesting a broadly uniform biological background composition of 

these three sites. Based on the MMD results it is evident that JBR and SCR are more 

similar than SCR and Velia, while JBR and Velia are the most biologically dissimilar. 

6.6.3–MMD Analyses of Individual Trait Regions 

In an attempt to gauge the input of the various regions of trait formation (i.e. cranial, 

infra-cranial, and dental), individual MMD runs were conducted using the R-Script of 

Soltysiak (2011) for the most discriminating traits from each region (Table 6.8). Based on 

the results of this sub-analysis the same pattern of divergence remains largely evident as 

with the combine trait MMD analysis, where JBR and SCR are the most similar to each 

other and SCR and Velia are more divergent yet still more similar to each other than JBR 

and Velia, which remain the most divergent in all MMD runs. A biological relationship 

that can be represented as JBRSCRVelia. 

Combined	Traits	Results	MMD

Combined Traits MMD JBR SCR Velia

JBR 0.01586 (0.03172) 0.02042 (0.04084)

SCR 0.04258 0.01004 (0.02008)

Velia 0.1955 0.13916
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From the sub-analyses it appears evident that the three different regions contribute 

different levels of discrimination, with dental traits suggesting the greatest degree of 

divergence. The pattern of divergence remains highly similar across all three trait regions, 

with the exception of the MMD using cranial traits where the divergence between Velia 

and SCR, and Velia and JBR are nearly equal. When using cranial and infra-cranial traits 

alone the divergence between JBR and SCR falls within 2*SD, suggesting a high degree 

of biological homogeneity between these two samples (Sjøvold 1977). When using dental 

nonmetric traits, the relationship between JBR and SCR rejects the null hypothesis that 

P1=P2 at the 0.025 level. Velia rejects the null hypothesis that P1=P2 at the 0.025 level in 

all cases when gauged against both JBR and SCR, having MMD values >2*SD across all 

traits and the overall greatest degree of divergence between samples.   

Table 6.8– Matrix of MMD values according to infra-cranial, cranial, and dental 

nonmetric traits for JBR, SCR, and Velia. Values in yellow below the 

diagonal are MMD values, values in green above the diagonal are standard 

deviations (SD), with 2*SD in brackets. 

 
 

 

6.7–Nonmetric Trait Results Summary 

Overall when gauging MMD values across trait types the same pattern of divergence is 

present as when using the combined traits from all three regions for MMD analysis. There 

is a clear biological divergence between the three sites examined, with Velia being the 

Infra-Cranial (traits= 9) JBR SCR Velia

JBR 0.02264 (0.04528) 0.02815 (0.05630)

SCR 0.01066 0.01473 (0.02946)

Velia 0.12199 0.04867

Cranial (traits= 13) JBR SCR Velia

JBR 0.02109 (0.04218) 0.02785 (0.05570)

SCR 0.03979 0.01401 (0.02802)

Velia 0.07289 0.07589

Dental (traits= 13) JBR SCR Velia

JBR 0.02579 (0.05158) 0.03211 (0.06422)

SCR 0.060048979 0.01528 (0.03056)

Velia 0.3405 0.14482
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most dissimilar. When considered in the broader scope of regional and global variation 

the three sites suggest a relatively similar biological background, indicating that though 

biologically distinct, the phenetic history of these sites appear to have more in common 

than not.
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Chapter 7–Discussion  

7.1–Mobility and Isotopic Perspectives  

The results of isotopic analyses using 18Oc and 87Sr/86Sr have yielded a number of 

insights regarding the nature of mobility at SCR, JBR, and Velia. The isotopic evidence 

gathered clearly shows that males, females, and children were mobile at these sites. This 

chapter discusses the implications of these findings as well as the types of mobility events 

evident among the individuals examined from these three sites. This chapter provides a 

larger synthesis of the data results presented through discussion of differences in 

childhood mobility between M1 vs. M2 vs. M3 molars, as well as implications for female 

mobility in the Roman landscape, and insights to possible regions from which individuals 

may have migrated based on their M2 isotopic signature. This chapter also looks at 

isotopic signatures and water sources in regard to their ability to draw inferences about 

regional origins, as well as using grave goods and epigraphic evidence to connect isotopic 

instances of non-local status with individuals buried at these three sites. Lastly, discussion 

is provided regarding the use of nonmetric traits, previous nonmetric trait studies from 

Roman contexts, and the implications of the nonmetric trait results from the present 

dissertation. The discussion provided in this chapter provides a greater depth of insight to 

the nature of human mobility at SCR, JBR, and Velia, providing a testament to mobility 

events consistent with a transnational process of human movement and networks of 

relations across the Imperial Roman landscape. 

7.1.1–M1 vs. M2 vs. M3 and Childhood Mobility at Isola Sacra 

7.1.1.1–Childhood Mobility 

Childhood mobility in the Imperial Roman era remains a contentious issue. Textual and 

epigraphic sources provide little insight to childhood mobility and as a result when relied 

upon exclusively imply limited childhood mobility (Bruun 2010, 2016). Instances of 

adoption, enslavement, seasonal mobility, and employment have all been identified from 

epigraphic and textual sources as potential mechanisms for childhood mobility 
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(Edmonson 1987; Erdkamp 2016; Holleran 2016; Tacoma and Tybout 2016). Isotopic 

investigations have shown that childhood mobility was in fact a reality of the Roman 

landscape (Prowse et al. 2007, 2010a; Prowse 2016; Killgrove and Montgomery 2016). 

The question then is to what degree children were mobile and to what end. Based on the 

18Oc signatures of M1 vs. M2 vs. M3 for a sample of 20 individuals from Isola Sacra 

there are clear instances of both male and female childhood mobility, as well as children 

who remained local throughout their dental development. Of the non-local children, a 

number of different patterns of mobility are apparent.  

7.1.1.2–Local Individuals 

Six individuals, 30% of the sample, have signatures within the local 18Oc range for Isola 

Sacra across all three teeth suggesting long term residency in the region. Variation in 

18Oc across all three molars among these individuals reaches a maximum of 1.6‰ in the 

case of SCR 245. A 1‰ variation from the 18Oc mean is expected in sedentary 

populations (Longinelli 1984; Daux et al. 2008). This suggests that while local, variable 

water and food sources and/or preparation thereof (i.e. stewing, brewing) may have been 

exploited by individuals such as SCR 245, or that mobility within the local region was 

undertaken such that the individual remained in the local 18Oc region but may not have 

resided at the same locale for the entire time (Brettell et al. 2012a,b) allowing for an 

averaging of 18Oc values within the local range. 

It also remains possible, given instances of isotopic homogeneity, that these 

individuals simply fall within the expected local range but were mobile from regions with 

similar 18Oc signatures. These individuals have been identified here as local following 

what is believed to be the most parsimonious interpretation.   

7.1.1.3–Local M1, Non-Local M2 and M3  

Two individuals, 10% of the sample, with non-local M2 and M3 signatures appear to 

have been absent from the area around Portus from not long after birth until after ~18 

years old. It is impossible to say if these individuals returned shortly after M3 formation 

or if they returned significantly later in life. The fact that these two individuals returned to 



Ph.D Thesis – R.J. Stark – McMaster University – Anthropology 

 174 

Portus after M3 formation may imply that they originally resided at Portus and left to 

accompany a family member stationed abroad, possibly for work, diplomatic, or military 

service (Hoffman 1995; Hassall 1999; Allison 2006a,b; Prowse et al. 2007; Hin 2016; 

Holleran 2016; Tacoma and Tybout 2016). Both individuals in this mobility category are 

female, which may have implications as to the nature of mobility undertaken. It is 

possible these women returned to Portus as brides (Tacoma and Tybout 2016). For 

females, marriage in the Roman era generally took place after puberty (~12–14 years) 

with marriage in the teenage years being the most typical, though there is epigraphic 

evidence that marriage before puberty, potentially as early as 6 years of age, did take 

place (Shaw 1987). Marriage at such a young age may not have been common, but it was 

also not expressly legally prohibited nor entirely socially unacceptable (Hopkins 1965; 

Shaw 1987). It is also possible that these female individuals were mobile for work or, if 

travelling with family, simply returned home following cessation of foreign work/service 

of a family member (Garnsey and De Ligt 2016). Based on their M2 and M3 18Oc 

signatures, these two individuals resided in different locations. The 18Oc signature of 

SCR 68 is consistent with residency in a cooler environment such as the interior of Italy, 

particularly northern Italy, and/or mountainous regions such as the Apennines or Alps, 

while the 18Oc signature of SCR 199 is consistent with residency in a warmer potentially 

coastal region, such as North Africa or the Eastern Mediterranean (Longinelli and Selmo 

2003; GNIP 2015).  

7.1.1.4–Non-Local M1, Local M2 and M3 

The two individuals (SCR 435, 525), both male, who fall into this category suggest 

settlement at Portus at a young age. The 18Oc signatures of both of these individuals’ 

M1s are lower compared to the expected local range, implying they migrated to Portus 

from a cooler non-coastal region, possibly the interior of the Italian peninsula (Longinelli 

and Selmo 2003). The purpose for migration is uncertain, though slavery, adoption, and 

family mobility, among other possibilities cannot be ruled out (Harris 1980; Bagnall and 

Frier 1994; Scheidel 1997; Tacoma and Tybout 2016).  
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7.1.1.5–Non-Local M1 and M2, Local M3 

The four individuals, or 20% of the sample, in this category moved to the area of Portus 

after age ~7–8 years. The 18Oc signature of SCR 133 (male) suggests a progressive move 

towards the Italian coast. An M1 18Oc signature of -7.1‰ and an M2 of -6.4‰ may 

indicate that this individual was born in the north or interior of the Italian peninsula, 

moved after M1 formation toward the coast, and ultimately ended up in a coastal locale 

by the time M3 formation was taking place around age 10 years. SCR 174 (male) has M1 

and M2 signatures consistent with a similar residency, potentially in the interior of the 

Italian peninsula. SCR 320 (female) has a more complicated 18Oc signature with M1 and 

M2 signatures of -8.2‰ and -8.5‰, respectively, suggesting a uniform location of 

residency in a more northerly region such as southern Germany (Cortecci and Longinelli 

1968; Longinelli and Cortecci 1970; Siegenthaler et al. 1970; Schwarcz and Cortecci 

1974; GNIP 2015), before moving after age ~7–8 years old to a region with an 18Oc 

value consistent with that of Portus. Finally, SCR 361 (male) has an interesting signature 

in that 18Oc of M1 is only 0.1‰ lower than the local SCR range, suggesting residency in 

the area of Portus, while 18Oc M2 is higher at -3.0‰. This suggests a move of significant 

distance between completion of M1 and M2 (i.e., between the ages of 2.5–3 years and 7–

8 years), and subsequent M3 completion ~10–17.5 years, when this individual would 

have ostensibly been residing in the region of Portus. The presence of an M2 value of       

-3.0‰ suggests residency in a warmer region such as North Africa, with similar values 

commonly recorded in Algeria, Tunisia and Egypt (GNIP 2015). This substantial change 

in 18Oc may be evidence that this individual was involved with the grain supply of Rome 

from North Africa either actively, as a young laborer, or possibly accompanying a parent 

involved in the grain trade or other overseas duties requiring mobility between the two 

locations (Rickman 1980; Pomey 1997; De Ligt and Tacoma 2016).  

7.1.1.6–Local M1 and M2, Non-Local M3 

The M3 18Oc signature of SCR 448 (male) is -6.3‰. Such a signature may suggest that 

this individual did not move very far from the region of Portus and may in fact have been 

residing in and around the environs of Rome, which has an annual average 18Odw of        
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-5.7‰ (Longinelli and Selmo 2003), and its hinterland for the extent of M3 development. 

The aqueduct at Portus is known to have exploited water from the region of Ponte Galeria 

(see 7.3.1 below), while Rome is known to have exploited several sources of water 

through aqueduct construction (Ashby 1935; Killgrove and Montgomery 2016). Given 

the similarity to the expected local signature for Portus it is possible that this individual 

was locally mobile between Portus and Rome, perhaps in association with transhipment 

along the Tiber, resulting in an averaging effect of his 18Oc signature.  

7.1.1.7–Local M1 and M3, Non-Local M2 

The five individuals, 25% of the sample, who have a non-local M2 but local M1 and M3 

18Oc signatures suggest several scenarios. The non-local signature of the M2s suggests 

that these individuals were away for a significant period of time but ultimately returned 

within a few years, allowing for the establishment of a local M3 signature. This pattern of 

18Oc values may imply that these individuals were mobile with a parent, or adult, 

involved in long distance trade or stationed at a foreign post requiring years of absence 

from the area of Portus before returning (Hadley and Hemer 2011). Given the commercial 

nature of Portus it is not improbable that younger children were taken with a parent or as 

young apprentice workers for an extended period while engaging in trade away from 

Portus (Tacoma and Tybout 2016). Interestingly 4 out of 5 of these individuals (SCR 194, 

220, 250, 462) have M2 18Oc signatures between -3.6‰ and -3.3‰, suggesting mobility 

to a similar region. As was noted previously, individuals exhibiting 18Oc values in this 

range may have been mobile to North Africa, potentially as part of the grain supply 

network for Rome (Rickman 1980; Prowse et al. 2007; De Ligt and Tacoma 2016). The 

remaining individual (SCR 500) has an M2 18Oc signature of  -6.3‰, suggesting a 

similar residency pattern to SCR 448, potentially in the areas around Portus and Rome.  

7.1.1.8–Interpreting Childhood Mobility  

The analysis of M1 vs. M2 vs. M3 18Oc signatures has shown that childhood mobility 

was not only taking place but that, based on this sample, it was occurring fairly regularly. 

It must however, be kept in mind and reiterated that though isotopic methods of analysis 
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can indicate whether an individual was mobile or not during periods of their lifetime, 

isotopic methods cannot attest to the motivation behind why a person was moving (Bruun 

2010, 2016). For this, one must turn to corroborating evidence in the historical, 

epigraphic, and archaeological literature, which has been the basis of the suggested 

reasons for mobility presented here. What can be taken away from the findings presented 

here is that not only was Portus and the area around Rome a key destination of mobility 

for individuals of all ages and sexes (See Noy 2000), it was also a place from which 

individuals departed and went elsewhere, creating an environment in which individuals 

and groups of individuals were both coming in and going out, a place of both centripetal 

and centrifugal mobility, seeing people arriving and leaving for various periods of time 

before returning. Such a finding confirms more recent views of increasingly transnational 

mobility in the Roman world, where individuals can occupy more than one role at a time 

and can maintain ties to both their current residence location as well as previous and 

future locations, creating a web of connectivity rather than a unidirectional line of 

singular mobility events (Appadurai 1991; Killgrove 2010a,b, 2014; Glick Schiller and 

Caglar 2011; Ross 2013).  

As discussed previously in Chapter 2, and further below in Section 7.2, it is 

possible that a number of the children who appear to have been born locally (local M1), 

and moved away from Portus (non-local M2 and/or M3), before returning to the area of 

Portus, were in fact not born at Portus but were born in a region of homogeneous 18Odw 

values, potentially changing their mobility experience from circular to multi-stage 

directional. To examine this potentiality it would be of value in a future study to further 

investigate the M1 vs. M2 vs. M3 87Sr/86Sr signatures of individuals in this category to 

see if their respective 18Oc and 87Sr/86Sr values align. In the present study only six of the 

individuals (SCR 68, 174, 245, 320, 361, 525) included in the M1 vs. M2 vs. M3 study 

were also examined, using second molars, for 87Sr/86Sr. The second molars of all six 

individuals fall within the local Isola Sacra 87Sr/86Sr range. None of these six individuals 

fall into the category of local M1, non-local M2, local M3, and as such do not shed any 

further light on the potential mobility patterns of these individuals. The only individual 
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for which 87Sr/86Sr may provide further information in the present case is SCR 68. This 

individual has an M1 in the local 18Oc range and non-local M2 and M3, with a local 

87Sr/86Sr signature of 0.70811 from her M2. Based on the M1 18Oc signature it appears 

this individual left Portus to reside in the environs of northern Italy extending into 

southern Germany, where similar 87Sr/86Sr values are expected, before returning to Portus 

as an adult. It is also possible that this individual was born in the area of coastal 

northwestern Italy (a region in the same 18Odw zone as Portus) before moving into the 

region of Piedmont/Lombardy and on to southern Germany, regions where 18O values of 

-7.0‰ to -8.0‰ are expected, before ultimately coming to reside in the environs of Portus 

where this individual was interred (Gelati et al. 1989; Longinelli and Selmo 2003). What 

this interpretation shows, is that in cases of overlapping or homogenous isotopic 

signatures more than one interpretation of mobility may be possible. It remains equally 

plausible that SCR 68 undertook circular mobility (being born at Portus, left, and then 

chose to return later in life), as it does that SCR 68 was born elsewhere on the Italian 

coast, moved into the cooler northern environs, before ultimately migrating to Portus.  

Though it is possible, in several instances, to provide multiple interpretations of 

the mobility events evident among these individuals, it is also clear that these individuals 

were not simply migrating to Portus and not looking back, though surely some did just 

this. Rather in several cases, comprising men, women, and children, individuals came and 

went. To what end these mobility events were undertaken is not permitted by isotopic 

insights, but what is clear is that they happened, be it for trade, slavery, work, mobility to 

accompany a spouse or family member, or simply to travel to a homeland before 

returning to Portus, creating a cosmopolitan tapestry of mobility events consistent with 

transnationalism models of human migration among the individuals interred at Isola Sacra 

(Brettell 2015; De Ligt and Tacoma 2016). 

7.1.2–Childhood Mobility and Sex 

The results of M1 vs. M2 vs. M3 18Oc signature analysis very clearly show that not only 

were children mobile at various ages and arguably in various types of mobility events, but 

also that both male and female children were mobile. Of the twenty individuals sampled 
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for this study 4/8 (50%) females and 10/12 (83%) males show evidence of some form of 

childhood mobility. Rates of mobility between males and females are comparably similar 

across all categories except for those individuals who have local M1 and M3 18Oc 

signatures, but a non-local M2 signature. In this category males outnumber females 4:1. 

Though a sample of twenty individuals is small, a four-fold difference between males and 

females suggests a sex-based variation in mobility patterns. Participation in circular 

mobility connected to long distance trade is generally held to have been more common 

among males than females (Noy 2000; Bruun 2010, 2016; Woolf 2016). This may be the 

most parsimonious interpretation for explaining this variability in mobility between males 

and females in this category.  

7.1.4–Age Related Variability in 18Oc Signatures at Isola Sacra 

In the 18–29 age category both higher and lower non-local 18Oc signatures are present 

(9/23, 39% non-local), implying that individuals who died at this age were migrating to 

Rome from multiple regions. Evidence of individuals from more northerly and/or higher 

altitude climes, potentially Germany (i.e. SCR 361, 602) where 18Oc values of -8.5‰ are 

common (GNIP 2015), as well as individuals potentially from North Africa (i.e. SCR 68, 

320), where 18Oc values of -3.1‰ are typical of coastal Algeria, Tunisia, and Egypt 

(GNIP 2015), are present among the individuals in this younger age category. Whereas in 

the 40–49 age category the only non-local individuals present (5/20, 25% non-local) have 

18Oc values implying residency in warmer regions, again possibly as far as North Africa. 

Excluding the small sample of individuals age 50+, there is a 14% difference in the 

number of nonlocal individuals in the 18–29 age category compared to the 40–49 age 

category. This may suggest that the individuals in the 40–49 age category were originally 

predominantly local and were buried in the region of Portus, while younger individuals 

buried at Portus may have died as a result of labouring in the region, while those who did 

not die in this age category may have moved to other locales or returned home.  

 Such multifold regional origins among individuals 18–29 years old at death may 

suggest a pattern of mobility as well as some insight to the nature of mobility events at 

Isola Sacra. Among the two youngest age categories, 18–29 and 30–39, the greatest 
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diversity of regional signatures is evident, while in the older two age categories 

significantly less diversity of regional signatures is observed. Based on this pattern of 

signatures it can be argued that the individuals in the younger age categories may have 

been more often comprised of individuals who migrated to Portus for work. Perhaps the 

younger two age categories represent an increased occurrence of death among nonlocal 

individuals. One can hypothesize that at such a young age these individuals may have 

been mobile towards Portus to pursue employment opportunities in the physically 

demanding harbour environs (e.g. stevedores) or business ventures. Portus was a working 

port that drew migrants, male and female, from all over the empire (Bruun 2010, 2016; 

Salomies 2002, Prowse et al. 2007). From the present sample there are four male and five 

female non-local individuals aged between 18 and 29 years. Aldrete and Mattingly (1999) 

estimate that ~3000, if not significantly more, porters worked in the harbours at Rome, 

which may account for part of the employment draw for males, while Treggiari (1979) 

notes multifold opportunities recorded for females in Roman contexts, including the 

environs of Rome and Ostia/Portus, where instances of female employment, including 

cases of non-local females, are recorded in the form of weavers, gold leaf manufacturing, 

hoteliers, produce sellers, entertainers, prostitutes, and midwives, among others jobs. If 

this hypothesis that younger non-local individuals in the Isola Sacra cemetery were 

involved in more intensive labour they may have been exposed to increasing precarity 

through lack of access to medical services, potential low income, and lack of a local 

support network, resulting in death at a younger age. Older nonlocal individuals may have 

been fully integrated into the community, worked in less precarious jobs, or simply been 

buried at Isola Sacra due to a lack of funds or lack of interest in being returned home for 

burial, though repatriation of human remains is known to have occurred to and from 

Rome (Tybout 2016). Though these potentialities remain speculative at this time the 

variation in 18Oc values by age category nonetheless suggests a pattern of mobility 

diversity between younger and older age categories at Isola Sacra, a pattern that is not 

comparably evident at JBR or Velia, and may be reflective of the more cosmopolitan 

nature of Portus and nearby Rome.    
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7.1.5–Female Mobility 

Female mobility in the Roman world remains a perennially contested issue, with the 

classical view being that female mobility, especially independent mobility, would have 

been highly limited in the Imperial Roman era (Bruun 2016; Woolf 2016). Yet at all three 

sites examined in this thesis, from which males and females were equally or very 

comparably sampled (SCR= 40 males and 40 females; JBR= 18 males and 21 females; 

Velia= 10 males and 10 females), female and male mobility rates are virtually identical. 

At Isola Sacra 15 females were mobile compared to 14 males; at Velia 2 females were 

mobile to 3 males; and at Rue Jacques Brel necropolis 8 females were mobile to 8 males. 

The dominant discourse on female mobility in the Roman literature is that women would 

have moved predominantly as slaves or brides (Bruun 2016; Tacoma and Tybout 2016). 

In more recent times the view that females were limited in their mobility has come under 

increasing scrutiny (See Prowse et al. 2007; Foubert 2016; Holleran 2016). Aside from 

slavery the view that women were simply mobile as brides does not hold entirely true. 

Women were certainly mobile as brides, especially given the predominance of virilocal 

marriage patterns in the Roman era coupled with the potential for sojourning businessmen 

and soldiers returning home with foreign brides (Hoffman 1995; Hassall 1999; Allison 

2006a,b; Ivlera 2016; Tacoma and Tybout 2016). But why were women not seen as 

mobile otherwise? Hin (2016) proffers the explanation that female mobility for 

employment would have been limited compared to male mobility given that a majority of 

employment opportunities ostensibly open to women would have been conducted by 

slaves. Female mobility is also arguably poorly understood in Roman contexts in part due 

to the general obscuring of females through a lack of attestation in the epigraphic record 

(Bruun 2016; Holleran 2016). Though perhaps not as frequently memorialized, female 

mobility is present in the epigraphic record. A recent study of epigrams from North 

Africa identified seven funeral epigrams referring to female migration (Handoume 2006; 

Bruun 2016), while in the Greek East 30 epigrams have been documented that attest to 

female mobility (Tacoma and Tybout 2016). From Hellenistic and Roman Athens, Hin 

(2016) asserts that the sex ratio of migrants to this area was roughly equal. Yet despite 

these lines of evidence various authors remain steadfast in their assertions that “women in 
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particular…almost never moved except in the company of their male relatives or owners” 

(Woolf 2016:461). 

Though this view is still widely held, it is clear from epigraphic and isotopic 

sources that, though perhaps commemorated to a lesser degree than men, women too 

were independently mobile and mobile for employment. Evidence is presented by 

Holleran et al. (2016) of female mobility to mining towns to work as retailers, in dining 

establishments, and in some instances potentially even in mining. Zerbini (2016) notes 

that mobility as athletes, entertainers, and theatre performers also provided potential 

conduits for female mobility. Treggiari (1979) provides a synthesis of epigraphic 

attestations of a number of employment positions filled by females, including as hoteliers, 

poulterers, clothes production, gold leaf production, hairdressing, produce sellers, 

perfumers, spinning wool, shoemaking, among other fields. In several cases presented by 

Treggiari (1979) women from distant lands are attested in various labour positions. At 

Rome there is epigraphic evidence of a seller of beans from Beirut, a baker from 

Carthage, and a seed seller from Praeneste (~35 km. east of Rome). It is also possible that 

men and women were travelling for work together. Treggiari (1979) asserts that men 

involved with trades often sought wives who either already worked in the trade or were 

keen to do so. It is assumed by Treggiari (1979) that in such situations the men would 

often produce (i.e. craft gold leaf, farm produce) and women would work in the market or 

the retail side of the business, though it is also clear that women in various instances were 

involved with the production side of trades suggesting a fluid labour market for female 

employment. As Treggiari (1979:76) points out “it is unnecessary to suppose that any of 

these rarely [epigraphically] attested women was a unique female practitioner of her 

trade.”  

Prostitution is another avenue mentioned as a common form of employment 

necessitating the mobility of women, with known prostitution rings operating among the 

various Roman military forts and in settlement areas spread across the Roman landscape, 

most famously at the Lupanar of Pompeii (Treggiari 1979; James 1984; McGinn 2002, 

2004; Foubert 2016; Holleran 2016). Though prostitution is attested in the literature and 
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in some cases in terms of archaeological remains of brothels, it is not clear which female 

individuals were prostitutes on an individual level. As Treggiari (1979:76) puts it “it is 

natural that prostitutes do not mention their job on their tombstone.”  

Thousands of skilled and unskilled laborers were continuously needed to complete 

the various construction projects ongoing in the Roman empire as well as to fulfill the 

needs and market demands of residents. Such demand provided ample opportunity for 

both male and female labour related mobility (Treggiari 1979; Erdkamp 2016).  

In the present study there is clear evidence of male and female mobility, and in a 

few cases it is possible that men and women were travelling together. The case of SCR 

282 (Male, 30–40) and SCR 287 (Female, 30–40) may suggest companions given these 

individuals share the same 18Oc signature and are in the same age range (Table 7.3). The 

similar assigned burial numbers (i.e. 282 and 287) suggest that these burials are located 

close together (SCR 282 being buried in a sand grave and SCR 287 in a cappucina grave), 

though there is no further evidence one way or the other to confirm any particular 

relationship between these two individuals. The same may be said of Velia 134 (Female, 

20–30) and Velia 194 (Male, 30–40), having the same 18Oc and similar 87Sr/86Sr 

signatures, and being similarly aged (Table 7.3). Yet simple correspondence of locale 

does not inherently indicate two individuals travelled together. At Velia it is not possible 

to determine if these individuals were buried together or in close proximity to one another 

given the presently unpublished results of excavations in the Roman necropolis. It is 

equally plausible in both of these cases, at SCR and Velia, that these individuals are 

simply from the same homeland. With that said, what is evident from the data presented 

in this dissertation is that regardless of the means of mobility, females, just as males, were 

mobile.  

7.1.6–Regional Mobility 

One of the key assumptions in initiating the present study was that with increasing 

distance from Rome and with ostensibly increasing parochial site location there would be 

decreasing mobility and decreasing diversity of regions from which individuals may have 

been mobile. Yet this does not appear to be the case. All three sites have similar rates of 
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non-local individuals. The case of Rue Jacque Brel Necropolis is illustrative. At this site, 

a large proportion of the non-local individuals (9/17, 53%) appear to have been mobile 

towards JBR from surrounding regions in what is modern France. This type of mobility 

towards an urban centre is a common concept, precipitated by multifold circumstances, in 

regional mobility studies as previously discussed in Chapter 4 of this dissertation 

(Kearney 1986; Brettell 2008, 2015) and was likely one of the key mobility factors at 

JBR. Given the industrial nature of JBR, individuals may have been drawn from the 

surrounding regions to work in the production facilities of this area. Though JBR is itself 

a small regional site, it is nonetheless located in Mediolanum Santonum, a major Gallo-

Roman city at the centre of Roman Aquitania, providing a further argument for why 

centripetal mobility towards this area was occurring (Maurin 1976, 1978; Woolf 1998; 

Killgrove and Montgomery 2016).  Similar mobility on a broader regional scale is also 

evident at Isola Sacra and Velia. The nature of mobility at these two sites appears to be 

much more broadly cosmopolitan. Given the port and commerce nature of Velia and 

Portus the influx of non-local individuals from all points of the empire would have been 

more easily facilitated in terms of both employment and access by sea. Based on the 

results of the previously discussed M1 vs. M2 vs. M3 study, movement towards Portus 

was clearly not only centripetal but also centrifugal, with individuals not only arriving at 

but also departing from this site. Portus was not just the final destination but a hub of 

transnational mobility, where individuals were coming and going and returning on a 

regular basis, including males, females, and children.  

7.2–Regional Isotopic Signatures 

7.2.1–18O Regional Homogeneity 

An issue of concern that became clear in the process of examining 18Oc values from 

Velia and SCR is the nature of 18Oc regional homogeneity on the Italian peninsula. As 

discussed previously in Chapter 2 and elsewhere in this dissertation, the geography of 

Italy is such that large north to south regions exhibit highly similar isotopic signatures, 

making assessments of mobility and residency between regions with the same 18Oc 
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signature challenging (Longinelli and Selmo 2003). It is possible that within the local 

18Oc range of -6.4‰ to -3.5‰ at SCR and -5.7‰ to -3.3‰ at Velia that a number of the 

individuals identified as local may in fact have been non-local, having migrated to these 

sites from regions of homogeneous 18Oc values. From Helttula (2007) it is known that an 

individual buried in Isola Sacra was from Ravenna, in northeastern Italy. Based on the 

correspondence between assigned burial numbers and the recovery location of this 

specific epitaph, this individual is not part of the present sample. However, in theory if 

included in the present sample this individual would likely be isotopically 

indistinguishable from an individual born in the region of Portus. Despite the significant 

distance between the two sites (~384 km. NE of Portus across the Apennines), Ravenna 

falls into the same 18Oc isocline as Portus (Longinelli and Selmo 2003; GNIP 2015).  

This concern of regional homogeneity is further compounded when the confidence 

range for local vs. non-local individuals is expanded. Using 2 or 1.5*IQR ranges (as 

discussed by Lightfoot and O’Connell 2016), these approaches provide increasingly 

confident estimates of non-local individuals. Yet, in the present study when such 

measures were employed the 2 range at SCR encompasses almost the entire 18Oc 

variation range for the Italian peninsula, outside of the higher Apennine and Alpine 

regions, while the 1.5*IQR range, at -10.1‰ to +0.45‰, includes all 18Oc values not 

only for Italy but for most of continental Europe and North Africa, making only migrants 

from parts of the far north or possibly Saharan Africa potentially identifiable. This is not 

to say that the 1.5*IQR method does not have merit, as Lightfoot and O’Connell (2016) 

have clearly shown that is does. Rather it is to suggest caution and further testing of this 

method in disparate geographic and isotopically diverse regions to gain insight to the 

applicability and practicability of the conservative estimates provided by this method.   

7.2.2–87Sr/86Sr in Coastal Mediterranean Contexts 

A key challenge that was apparent in using 87Sr/86Sr values was large territories of 

87Sr/86Sr signature distribution and the presence of homogeneous 87Sr/86Sr signatures. 

Similar to 18Oc, regions of 87Sr/86Sr homogeneity frequently exist, allowing for two 
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locations to manifest similar bioavailable signatures despite a lack of geographical 

proximity. Though inland circum-Mediterranean geology varies, when looking at sites 

from coastal or near coastal environments in the Mediterranean where limestone is 

abundant, instances of regional signature homogeneity become increasingly challenging 

to parse given the coeval geological development of these regions over time (Biju-Duval 

et al. 1974; Gelati et al. 1989; Dixon and Robertson 1996). This is evident in a number of 

the individuals from the present study (e.g. Velia 134, 194), where the 87Sr/86Sr signature 

of an individual can equally suggest residency in Lebanon as coastal Italy, among other 

coastal locations throughout the Mediterranean and surrounding inland regions.  

A further issue with distinguishing non-local individuals using 87Sr/86Sr is broad 

regionality. Looking at France and the bioavailable data generated by Willmes et al. 

(2014) there are five broad 87Sr/86Sr regions for the entire 643,801 km2 of France. Of 

these five regions 87Sr/86Sr values between 0.7076–0.7125 dominate the majority of the 

landscape, making the potential for identifying mobility within these broad geographical 

zones using a 2 range difficult.  

To an extent these problems of regionality are unavoidable. To limit such 

problems future research would benefit from increasing focus on regional provenancing 

studies to provide baseline bioavailable 87Sr/86Sr data, such as has already been done from 

Greece by Nafplioti (2011) and for France by Willmes et al. (2014). The work of Willmes 

and colleagues (2014) is an excellent example of such research. This open source project 

focussing on France has compiled 87Sr/86Sr values of organic and inorganic samples from 

across the country to generate a 87Sr/86Sr bioavailable database. This open source 

database can be contributed to by future researchers to further refine and define the 

bioavailable 87Sr/86Sr regions of France, which can be integrated into GIS mapping. Such 

a project would be well worth extending into other regions. 

7.2.3–Combining Oxygen and Strontium in Imperial Roman Mobility Studies 

By combining 18Oc and 87Sr/86Sr analyses one aspires to reduce the degree of regional 

homogeneity that each method presents as each system operates independently of the 

other. For Italy the logic is that 18Oc varies east to west while 87Sr/86Sr varies broadly 
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north to south (Killgrove and Montgomery 2016). However, the combination of methods 

also introduces the question as to which isotope provides the greatest discrimination of 

mobility. When combined the number of non-local individuals at JBR, SCR, and Velia 

drop drastically, with the highest estimate of 4/20 (20%) being apparent at JBR. Yet this 

level of mobility is comparatively low compared to 18Oc non-local estimates, which vary 

from 28% to 38%, and 87Sr/86Sr estimates, which were as high as 30% at JBR. One of the 

difficulties of the combined method is the nature of regional similarity addressed in the 

previous two sections. Where a number of individuals appear non-local based on 18Oc , 

but local based on 87Sr/86Sr making the combined non-local rate quite low and bringing 

into question which method provides the strongest assessment of locality. 

7.3–Water Sources and 18O 

7.3.1–Portus 

By the later part of the 1st c. CE the water supply at Portus was provided by an aqueduct 

sourced from springs in the region of Ponte Galeria ~9 km. north of Portus along the via 

Portuensis, and running parallel along the Tiber (Petriaggi et al. 1995; Keay and Millett 

2005a; Keay and Paroli 2011b). This water source would have been further supplemented 

by contributions from rain water with water being stored in local wells and cisterns for 

easy access and to prevent evaporation (Prowse et al. 2007). The local origin of the Ponte 

Galeria water source is unlikely to have contributed significantly different 18Oc values to 

the expected local range for individuals at Portus (Longinelli and Selmo 2003).  

7.3.2–JBR 

By 20 CE the area of JBR was served by an aqueduct sourced from springs in the hills of 

Le Douhet ~14 km. NE of Saintes on the right bank of the Charente river (Trious 1968; 

Maurin 1976). The course of the aqueduct ran largely underground before it entered 

Saintes (Maurin 1976). This local source of drinking water falls within the same 18Odw 

zone as JBR. Given its proximity to JBR it is not expected that this drinking water would 

have introduced a non-local signature of 18Oc into the diets of individuals residing at JBR 

(Lécole 1985). 
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7.3.3–Velia 

From its earliest inception as a Phocaean colony the water supply of Velia was provided 

by a mixture of rain water, stored in large stone lined communal cisterns and in pithoi in 

the home, and exploitation of local spring water through canals from the surrounding hills 

in the vallone del frittolo (Krinzinger 1986; Greco and De Simone 2012). This system of 

cisterns and sources of water exploitation were maintained into the Roman era during 

which time a small aqueduct system was built to facilitate an increase in the volume and 

distribution of water, as well as the development of public fountains (Smith 1854; Greco 

and De Simone 2012). Given the local source of the spring water, the use of enclosed 

distribution piping, and the large size of the main cisterns, minimizing evaporation, the 

drinking water exploited by the inhabitants of Velia and associated 18Oc signature for 

this site would have been local (Greco and De Simone 2012).    

7.4–Burial Style and Grave Good Variability 

Of the three sites examined for this study only SCR and JBR provide any substantial 

information about the nature of the burials. At Isola Sacra knowledge of burial types is 

available though the specific location of each burial within the necropolis and associated 

grave goods, which Sperdutti (1995) notes as being largely absent from the inhumation 

burials, remains unclarified pending final publication. Rue Jacques Brel necropolis 

provides the most information in regard to burial type and grave goods, with the 

distribution of burials and grave goods present in each burial clearly delineated.    

 In the necropolis of Isola Sacra 12 burial types were employed (See Table 6.2). 

Several of the 12 styles are highly similar (e.g. sand vs. soil burial). Of these 12 styles 

non-local individuals are present in 8 (Table 7.1). The burial types in which non-local 

individuals are not present are also the least common burial types for local individuals 

(e.g. sarcophagus). Though these variations in burial style may have implications for 

status in life (Angelucci et al. 1990), they do not indicate variation in burial style between 

local and non-local individuals. The same can be said about the relative location of 

burials. Given the current lack of a final excavation report for the cemetery at Isola Sacra 

it is presently only possible to infer the relative proximity of burials to one another based 
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on the sequence of assigned burial numbers. For the 30 non-local individuals identified at 

SCR there is no apparent clustering of non-local burials. The assigned burial numbers for 

these non-local individuals range from SCR 36 to SCR 698 with no sequential clustering 

of numbers in between, indicating a non-specific distribution and intermingling of local 

and non-local individuals interred at Isola Sacra. 

Table 7.1–summary of the types of burials in which non-local individuals were identified 

at Isola Sacra.  

 Female Male Total 

Inhumation 3 3 6 

Cappuccina 5 3 8 

Unknown 1 2 3 

Amphora 1 0 1 

Columbaria 1 0 1 

Tomb 3 3 6 

Semi-Cappuccina 1 1 2 

Sand 1 2 3 

Total 16 14 30 

 

 At JBR simple soil cut graves with stone linings were the norm for all individuals, 

local and non-local, with individuals being buried in a mixture of wooden coffins and 

simply in the soil. There is no evidence of segregation of non-local burials, as the graves 

of non-local individuals are dispersed equally throughout the cemetery in no apparent 

pattern among the local individuals (Fig. 7.1).  

The same can be said of the grave goods. Individuals interred at JBR were 

typically buried with some variation of pottery (e.g. a plate, oenochoe, cup), shoes and 

associated hob nails, coins, metal objects (arrow points, pins, buckles), and occasionally 

glass and other objects such as bone pins and game tokens. The type and average quantity 

of grave goods at JBR are highly similar for local and non-local individuals as well as for 

males and females, indicating a lack of distinction in burial (Table 7.2; Appendix E). 
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Figure 7.1–Distribution of local and non-local graves at Rue Jacques Brel necropolis 

(JBR). Non-local graves (N=17) are highlighted in red. Local graves are 

unhighlighted (After Baigl et al. 1997:fig. 18). 

 This finding in regard to burial type and grave goods at both SCR and JBR was 

also the case at Imperial Roman Vagnari where isotopically non-local (F42a, F49, F95, 

F96a, F130, F131) and isotopically local individuals were buried in the same fashion 

(Prowse et al. 2010a). At Isola Sacra and JBR the lack of differentiation between local 

and non-local individuals brings forth a number of questions and insights. It is quite 

possible, if not likely in many cases, that non-local individuals were simply integrated 

into the community, at least as far as burial is concerned. This may particularly be the 

case when one takes into consideration the evidence of early childhood mobility at Isola 

Sacra discussed previously in this chapter.  
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Table 7.2–Distribution of grave goods between local and non-local individuals at JBR. 

The number of grave goods presented in each category indicates the lowest 

and highest number of items in a given burial for each grave good type (Data 

compiled from Baigl et al. 1997). 

JBR Grave Goods Local Non-Local 

Pottery     

M 1–7 2–7 

F 1–3 2–8 

Coins     

M 0 1–3 

F 1–7 1 

Nails     

M 20-384 2-170 

F 1-297 41-160 

Shoes     

M 1 1 

F 1–2 1–2 

Glass     

M 0 1 

F 0 0 

Metal     

M 1–2 1–6 

F 1–4 0 

Other     

M 0 3 

F 2 1 

  

When examining burial styles and grave goods, questions of acculturation remain 

persistent yet hard to quantifiably address (Pearce 2010; Prowse et al. 2010a). Though 

individuals appear isotopically non-local does not inherently mark them as being 

culturally apart. Given the vast expanse of the Roman empire it is quite possible that 

many of the isotopically non-local individuals were in reality culturally local (Barth 1969; 

Brettell 2015), that is to say that simply being from a non-local environment does not 

inherently indicate that such individuals would have been culturally different or separate 

from the “local” culture, as cultural locality cannot be strictly traced along geographic or 

isotopic lines. That said, it still remains possible that the isotopically non-local individuals 

maintained a foreign identity in life through preserved links with a homeland and in death 

were buried in the local style because they married a local individual, or they chose to go 
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with the local style as they did not have a strong bond to a particular style of burial, or 

perhaps their homeland did not have a uniquely different burial practice. It is also 

possible that a non-local individual was buried in the “local” style out of practical 

necessity. What these somewhat nebulous statements are pointing out is that short of 

substantiating evidence such as a culturally/regionally specific burial style, a regionally 

unique name (Noy 2000), or specific mention of a homeland in an epitaph (Hin 2013, 

2016) it remains challenging to confidently identify culturally non-local individuals from 

burial style alone. What the present, and other, isotopic studies contribute to ongoing 

debates on Roman mobility is the ability to identify and quantify the burials of non-local 

individuals and potential instances of mobility with or without outward manifestations of 

foreignness, one of the key goals for future research stressed by Woolf (2016).   

7.5–Where Were People Coming From? 

A perennial question of isotopic studies in bioarchaeology is “where were people coming 

from?” Based on the isotopic data presented in this thesis the quick answer is “all over.” 

At all three sites examined it is evident from the data that migration was taking palace 

from and to various regions, with strong indications of individuals arriving from, or going 

to, the environs of North Africa and likely northern or higher altitude Europe. Yet specific 

points of origin are not readily available due to various regions having similar isotopic 

signatures. For the three skeletal samples examined in this thesis (JBR, SCR, and Velia) it 

is evident from the isotopic results of 18Oc and 87Sr/86Sr analyses that a number of 

individuals were non-local (Table 7.3). The following sections provide a discussion on 

the potential regions from which individuals may have migrated (See Appendix F for 

regional GNIP values). 

 Several individuals have been identified as non-local based on either their 18Oc or 

87Sr/86Sr signature even though they fall within the local range for the other tested isotope 

(i.e. they are non-local for one isotope but not the other). This does not undermine 

inferences of locality for, as discussed above in Section 7.2, it is evident that there are 

many instances of large geographic regions with homogenous signatures for 18Oc and 

87Sr/86Sr. For this reason, it is possible that an individual may be non-local to a particular 
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site for one isotopic signature, but may appear local for the other isotopic signature 

because the non-local region they are coming from varies isotopically for one of the 

isotopes but is in a homogenous region for the other. For this reason, when an individual 

appears non-local for one isotope it provides the inference that this person is indeed non-

local (e.g. SCR 36, SCR 99). Instances in which an individual is non-local for both 

isotopes (e.g. SCR 376) simply provide greater confidence and can allow for increasingly 

refined insights to potential regional origins (i.e. based on both 18Oc and 87Sr/86Sr 

signatures) from which a given individual may have arrived.  

Table 7.3–Summary of the non-local individuals identified from SCR, JBR, and Velia, 

based on isotopic values of second molars (M2), with possible regions of 

origin. Values highlighted yellow are non-local at 1, values highlighted green are 

non-local at 2, values highlighted purple are non-local at 1.5*IQR, values 

highlighted in blue are non-local for 87Sr/86Sr.  

SCR 18Oc  (‰) 

VPDB   

87Sr/86Sr  Sex Age Possible Origin 

36 -7.7  M 20-21 Italian Interior, Alps, Germany 

68 -8.0 0.70811 F 20-30 Italian Interior  

Southern Germany 

88 -3.0  M 50+ North Africa 

99 -6.1 0.70723 M 30-35 Around Rome, Lebanon, Gaul 

171 -7.2 0.70835 M 30-40 Italian Interior, Alps, Germany 

174 -7.6 0.70887 M 30-40 Italian Interior, Alps, Germany 

190 -6.8  F 25-30 Italian Interior 

194 -3.4  F 40-45 North Africa 

196 -7.1  M 20-25 Italian interior, Alps, Germany 

199 -3.3  F 35-40 North Africa 

220 -3.3  M 40-45 North Africa 

269 -3.2 0.70918 F 35-40 North Africa 

282 -6.5  M 30-40 Italian Interior, Levant 

285 -3.0 0.70879 F 50+ North Africa 

287 -6.5 0.70905 F 30-40 Italian Interior 

314 -3.3  F 40-50 North Africa 

320 -8.5 0.70966 F 20-25 Southern Germany 

324 -5.0 0.70782 F 30-35 Around Rome, Lebanon, Gaul 

326 -3.2  F 35-40 North Africa 

352 -7.2  F 35-40 Italian Interior, Germany 

361 -3.0 0.70931 M 20-25 North Africa, Greece, Asia 

Minor 

362 -3.1  F 40-50 North Africa 

376 -7.5 0.71052 M 35-40 Italian Interior 

404 -6.8  M 20-25 Italian Interior, Levant 
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445 -3.3  F 20-30 North Africa, Palmyra 

452 -3.3  F 30-40 North Africa, Palmyra 

467 -3.4  F 30-35 North Africa 

602 -3.4  F 25-30 North Africa 

678 -6.6  M 50+ Italian Interior, Levant 

698 -3.3  M 40-50 North Africa, Palmyra 

Velia      

57 -1.1 0.70788 M 30-35 Egypt, Nubia, Nile Valley  

134 -5.8 0.70890 F 20-30 Coastal Italy, Greece, Asia 

Minor, Coastal Lebanon 

194 -5.8 0.70860 M 30-40 Coastal Italy, Greece, Asia 

Minor, Coastal Lebanon 

205 -2.4 0.70868 F 30-40 North Africa 

211 -6.0 0.70901 M 30-35 Interior Italy, Asia Minor 

JBR      

28b -3.4  F 30+ North Africa, Palmyra 

29 -3.5  F 30+ North Africa 

34 -6.0  F 18-19 Aquitaine basin 

35 -4.0 0.71064 M 30+ Armorican Massif,  

Massif central 

40 -5.9  F 30+ Aquitaine Basin 

46 -6.2 0.70891 M 30+ Aquitaine Basin 

54 -6.9 0.71114 F 30+ Aquitaine Basin 

55 -3.5 0.70932 F  30+ North Africa 

56 -3.0 0.70927 F 30+ North Africa 

63 -5.7 0.71276 M 20-25 Paris Basin/Armorican Massif 

64 -6.9 0.71029 F 30+ Pyrennes 

76 -6.0 0.71064 M 20+ Armorican Massif 

Massif Central 

86 -3.2 0.70869 F 30+ North Africa 

98 -6.2 0.71038 F 30+ Aquitaine Basin 

101 -2.6 0.70903 F 30+ North Africa  

110 -3.0 0.70812 F 30+ North Africa 

112 -3.3  M 30+ North Africa, Palmyra 

7.5.1–Rue Jacques Brel Necropolis 

A majority of the non-local individuals from JBR appear to be migrants from surrounding 

regions in Gaul, located in what is modern day France. Two individuals (JBR 35, 76) 

have 18Oc and 87Sr/86Sr values most consistent with an origin in the Armorican Massif 

region of northwestern France. Similar 18Oc and 87Sr/86Sr values to the Armorican 

Massif are also present in the Massif Central of south central France, and potentially the 

foothills around the massif resulting from fluvial deposits of siliciclastic detritus (Wilmes 

et al. 2014; GNIP 2015; Rougier et al. 2016). One individual (JBR 63) appears to have 

resided on the boundary of the western Paris basin of north-central France and the 
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Armorican Massif (Willmes et al. 2014). Clustering of Gallo-Roman settlements in 

eastern Brittany, in the heart of the Armorican massif, was most notable around Rennes, 

Corseul, and Vannes (Langouët and Jumel 1987, 1991; Naas 1991; Woolf 1998), 

potential areas from which individuals may have moved to JBR. Five individuals (JBR 

34, 40, 46, 54, 98) have isotopic signatures consistent with residency in the Aquitaine 

basin of south-central France, the region in which JBR is located, which may suggest 

comparatively local migration towards JBR. The dental enamel of one individual (JBR 

64) has a lower 18Oc signature coupled with an 87Sr/86Sr signature of 0.71038 suggesting 

residency in the Pyrennes region of southwestern France, northeastern Spain, and 

Andorra (Willmes et al. 2104; GNIP 2015). Though it appears that migration to JBR had 

a significant component from within Gallo-Roman territory, it is uncertain the degree of 

cultural continuity that would have existed between migrants from these regions. 

Historically the various regions of Roman Gaul, comprised of Armorica (Lugdunensis), 

Aquitania, and Narbonensis are known to have had their own respective cultural affinities 

(Woolf 1998; MacMullen 2000). One might expect as such that aspects of regional 

cultural identities, to varying degrees, may have been maintained by individuals who 

moved to JBR. This statement remains speculative however, as there is no concrete 

evidence, either textual or artefactual, of such maintained regional cultural identities at 

JBR to confirm or deny such a potentiality.  

Eight individuals at JBR (JBR 28b, 29, 55, 56, 86, 101, 110, 112) present 18Oc 

signatures that are suggestive of origins in warmer climates (GNIP 2015). The 18Oc 

signatures of these individuals, and the five cases in which 87Sr/86Sr analysis was 

undertaken, are most consistent with migration from North Africa, while two individuals 

(JBR 28b, 112) have signatures that are also consistent with the average annual 

precipitation value for Palmyra, which may suggest an origin in the Near East (Killgrove 

2010a; GNIP 2015; Killgrove and Montgomery 2016). Signatures in the -3.2‰ range 

have a degree of ambiguity in France as the annual average GNIP (2015) value for 

Monaco is -3.2‰, yet such values are not characteristic of surrounding areas along the 
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northern Mediterranean coast, making an origin in North Africa, where such values are 

typical, much more likely (See Appendix F). 

7.5.2–Velia 

At Velia two of the individuals examined (Velia 57, 205) have 18Oc and 87Sr/86Sr 

signatures consistent with an origin in North Africa, potentially somewhere in the Nile 

Valley. Prowse et al. (2007) present evidence of a 40–50 year old male individual (SCR 

617) with a 18Oc signature of -1.3‰ which they propose as being from North Africa. 

Velia 57 also falls within the expected local 87Sr/86Sr range of 0.70732–0.70789 for 

Tombos presented by Buzon et al. (2007), further implying a North African/Nile Valley 

origin of this individual. Velia 205 may also have resided in North Africa, though not 

necessarily in the same region as Velia 57. The lower 18Oc signature of Velia 205 

implies residency in a cooler locale or area of higher elevation than Velia 57. The 

87Sr/86Sr signature of Velia 205 fits within the unpublished expected local range of 

0.70835–0.70900 for Leptiminus, Tunisia (Burton et al. pers. comm.), suggesting a 

potential origin in this region. 

 Velia 134 and 194 present signatures consistent with a number of regions. The 

18Oc values of these individuals are only 0.1‰ outside of the expected local range, while 

their 87Sr/86Sr signatures fit within the local range, suggesting that these two individuals 

may have resided at a locale not significantly further inland from the area of Velia. With 

such a high degree of similarity to the local 18Oc range within run IRMS precision 

cannot be ruled out as factor in these cases. It is also possible given the similarity of 

regional signatures that these individuals migrated towards Velia from the eastern 

Mediterranean. Coastal Lebanon is a mixture of Quaternary, Cretaceous and Miocene 

geology, with much of the coast comprised of thick marine limestone deposits, providing 

a landscape with similar 87Sr/86Sr values to Velia (Veizer 1989; Walley 1998). A 18Oc 

signature of -5.8‰ is also characteristic of the environment of Lebanon (GNIP 2015; 

Appendix F). It is known that merchants from Tyre in Phoenicia traded in southern Italy, 

having established a base at Puetoli (Bruun 2016), while Treggiari (1979) documented a 

bean seller at Rome who was from Beirut. Given its proximity to Puetoli and the harbour 
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nature of Velia it is quite possible that individuals from the Lebanon region could have 

been present at this site. Velia 211 has a signature that may suggest an origin from the 

interior of the Italian peninsula. It is also possible that this individual was from the area of 

Asia Minor, given their 18Oc signature of -6.0‰ (GNIP 2015).  

7.5.3–Isola Sacra 

Mobility towards Portus based on the sample examined herein appears to have taken 

place from multiple locations around the Empire. Two younger females (SCR 68, 320) 

appear to have migrated from somewhere in the regions of Southern Germany, having 

18Oc and 87Sr/86Sr signatures corresponding with this region (Grupe et al. 1997; Knipper 

at al. 2010; Oelze et al. 2012; Scheeres et al. 2013). The regions of Germania are known 

to have been a common source of military migrants to the area of Rome (Noy 2000). It is 

not improbable that these two females accompanied military partners, or that they were 

simply mobile on their own for work or to visit/join family, nor can slavery be ruled out 

(Killgrove 2010a; Tacoma and Tybout 2016).  Six individuals (SCR 36, 171, 174, 196, 

352, 376) have 18Oc signatures indicative of residency in a cooler and more elevated 

region, possibly the alpine regions of northern Italy and surrounding territories.   

 There are six individuals (SCR 99, 190, 282, 324, 404, 678) whose signatures 

imply either residency in the vicinity of Rome and coastal Italy, or perhaps residency in 

similar climatic and geological regions in the Levant or Gaul. The 87Sr/86Sr signature of 

SCR 324 falls within the Monti Simburini range presented by Killgrove and Montgomery 

(2016), suggesting that this individual may have lived in the area around Monti 

Simburini. SCR 99 has a 18Oc signature consistent with the area around Rome, having an 

87Sr/86Sr signature within the expected local range for Castellacio Europarco (Killgrove 

and Montgomery 2106). The isotopic signature of SCR 99 is also consistent with the 

Lebanon coast that, as mentioned previously, is a known region from which merchants 

travelled to Rome (Bruun 2016). This individual also has a signature consistent with the 

Paris Basin area of France, in what would have been part of Roman Gaul. What cases like 

SCR 99 highlight is that, isotopically pinpointing any one specific home territory can be 

challenging, particularly without any further corroborating information (e.g. epitaphs). 
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 The remaining individuals (SCR 88, 194, 199, 220, 269, 285, 314, 326, 361, 362, 

445, 452, 467, 602, 698) have 18Oc and 87Sr/86Sr signatures consistent with residency in 

a drier hotter climate. Many of these individuals appear to have arrived in the region of 

Portus from somewhere in North Africa. Migrants from Roman North Africa (i.e. 

Mauretania, Numidia, Cyrene, and Egypt) are estimated to have accounted for 

approximately 10% of the population of Rome, typically arriving as civilians, not to 

mention other routes of arrival such as slavery (Harris 1980; Noy 2000; Killgrove 2010a). 

This reality is not surprising given the known interactions between the ports of Rome and 

North Africa for the purpose of trade and specifically to facilitate the grain supply 

(Rickman 1980; De Ligt and Tacoma 2016). Onomastic and textual investigations by 

Salomies (2002), Cebeillac-Gervasoni (1996), and Treggiari (1979) provide evidence of 

African individuals residing at Ostia and Rome, while at Vagnari in Puglia Prowse et al. 

(2010) identified a male of sub-Saharan African (haplogroup L) ancestry, implying that 

African mobility within the Roman Empire was not uncommon. Of these potentially 

North African individuals several also have signatures consistent with other possible 

regions of origin. SCR 361 has a signature that also suggests a potential origin in the 

areas of Greece and/or Asia Minor (Garvie-Lok 2009; Nafplioti 2011; Leslie 2012). 

Three individuals of this group (SCR 445, 452, 698) have 18Oc signatures of -3.3‰, the 

annual average of precipitation in Palmyra, Syria. Noy (2010) discusses the case of 

Barates of Palmyrene heritage, resident at South Shields in Britain. Such epigraphic 

evidence attests to the presence of Palmyrene individuals at distant locales outside of 

Palmyra. Given the commercial nature of Portus and known interactions both with the 

Near East and Levantine coast it is not implausible that one or all of these three 

individuals arrived from the region of Palmyra (Ball 2000; Zerbini 2016). 

 These various regional origins based on isotopic similarities are further supported 

by the extant epigraphic evidence available from Isola Sacra presented by Thylander 

(1951-52), Sacco (1984), and Helttula (2007). One must be cautious with such epigraphic 

evidence as it is not always possible to ascertain from these epigraphic accounts if the 

material refers specifically to individuals who migrated from the listed region or if it 
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refers to a general ancestral homeland and was used by second and later generations 

resident at Portus (Holleran 2016). The geographic areas documented by Helttula (2007) 

include Carthage in North Africa, Laurente Lavinates (on the Tyrrhenian coast between 

Ostia and Lavinium, ~25 km. from Rome), Ostia, Ravenna, Rome, Portus, Gaul 

(Aquitanica Pro[vincia]), Rhodes and Olympia in Greece, as well as Nicomedia in Asia 

Minor.  

Though such evidence is helpful for pointing out regions of potential origin for 

individuals interred at Isola Sacra it is not possible to directly link the skeletal remains 

examined for this study with the epigraphic materials. An attempt was made to link the 

inscriptions listing geographic locations with the individuals from SCR isotopically 

analyzed in this dissertation. Helttula (2007) provides information on from which tomb or 

area of Isola Sacra each inscription originated. Of the fifteen inscriptions with geographic 

regions documented seven were found in disturbed contexts and cannot be assigned to a 

specific tomb. The remaining eight inscriptions were recovered from eight different tomb 

complexes during early investigations and excavation of the site by Calza (1940) and do 

not correspond with any of the individuals examined in this dissertation. As a result, 

unfortunately, the epigraphic evidence of non-local individuals provided by these 

inscriptions cannot be directly connected with the isotopic evidence of non-local 

individuals presented in this dissertation. Though a direct connection between isotopic 

and epigraphic evidence could not be made in the present study, the isotopic signatures of 

the individuals examined and the epigraphic evidence from where individuals were 

coming from do correspond in terms of similar regional origins from which individuals 

were mobile towards the area of Portus, further supporting the complementary nature of 

these two approaches. Future research should continue to attempt to link available 

epigraphic accounts of mobility with isotopically identified instances of mobility to 

provide increasingly robust assessments of Roman mobility.  
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7.6–Nonmetric Traits 

7.6.1–Implications of MMD Results at SCR, JBR, and Velia 

In discussing nonmetric traits it is important to keep in mind that MMD results reflect the 

larger biological tapestry of a region. In this way the MMD results generated in this thesis 

attest to the overall biological composition of a region and do not directly testify to the 

mobility of any given individual. Thus, unlike isotopes, nonmetric traits provide an 

insight to the general interaction between groups over time. Though several nonmetric 

trait studies have been undertaken to date on Roman and Italian context sites (e.g. Rubini 

et al. 1997, 2007; Coppa et al. 1998, 2007) previous nonmetric studies cannot be directly 

compared due to the use of differing traits and calculation methodologies (i.e. Rubini et 

al. 1997, 2007 utilize cranial traits, while Coppa et al. 1998 rely on dental traits). The 

present study had access to the skeletal remains from three sites and based on these sites it 

is possible to draw insights regarding the nature of biological divergence between these 

three areas of the Imperial Roman landscape. 

Given the nature of Portus as a hub of migration in and out of Rome and the 

proximity of Portus to Rome it is evident that the population of this site was comprised of 

a not insignificant proportion of individuals from various non-local geographic regions, as 

attested in the historic literature (Noy 2000), from the isotopic evidence presented here, 

and elsewhere (Prowse et al. 2007), and epigraphically (Thylander 1951-52; Sacco 1984; 

Helttula 2007). In contrast, unlike Portus at the heart of the Roman trade network, it can 

be argued that the locations of Velia and JBR were more parochial (Terpstra 2013; Noy 

2000). This is not to say that JBR or Velia were cut off from in and out migration or 

diversity of biological populations, as it is quite clear that both of these sites received 

non-local individuals, but rather to note that these sites were smaller and located in 

comparatively rural regions.      

Biological dispersion and Roman era expansion is a key issue that is apparent not 

only in the present study but in earlier nonmetric trait research as well. Rubini et al. 

(1997) examined Etruscan biodiversity compared to surrounding Italic contexts, noting 

that Etruscans appear to have the highest biological continuity with modern Tuscans. 
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Roman and Etruscan samples in this study were surprisingly similar, prompting the 

hypothesis that with Roman expansion regional similarities to Roman settlers began to 

manifest. Looking at Iron Age contexts Rubini et al. (2007) observed that the Apennines 

served as a geographical barrier to gene flow, with distinct regional groups on the 

Adriatic and Tyrrhenian coasts but a lack of trans-Apennine similarity. Yet, moving 

forward to the late Iron Age and into the Roman era, Coppa et al. (1998) found that the 

Apennines were not a significant barrier to gene flow. The key argument regarding this 

transition from isolation to integration in the Roman era is attributed to the expansionary 

policies of the Roman empire, coupled with the development of extensive road networks 

throughout the Italian territory, providing for easier access and ample opportunity for 

gene flow across the Apennines. 

For the Tyrrhenian coast of Italy Rubini et al. (2007) observed a distinct division 

between the biological continuity of north-central and southern populations, which they 

propose resulted from different regional settlement histories. This contention had been 

espoused previously by Piazza et al. (1988) in their study of the genetic diversity of Italy, 

which showed that the southern territories colonized as part of Magna Graecia preserved 

a distinct genetic dissimilarity to other regions further north on the Italian peninsula well 

into the Roman Imperial era (Lomas 2016).  

Turning to the present study it is possible that the individuals sampled from Isola 

Sacra and JBR appear more biologically similar than Velia and JBR, and SCR and Velia, 

despite the closer proximity of the later two sites, due to increased interactions between 

the maritime hub of Portus and Gaul. Gaul was the first non-Mediterranean territory to be 

incorporated into the expanding Roman landscape, becoming a Roman colony in 43 BCE, 

after which time relations between Gaul and Rome became much more significant 

(Godineau 1996; Woolf 1998; Thorne 2013). Such interaction would have been 

facilitated, at least in part, by the exploitation of slaves, trade mobility, and stationing of 

military personnel in both regions, as well as increasing social and economic interaction 

between Rome and Gaul into the Imperial era (Harris 1980; Goudineau 1996; Woolf 

1998, 2000; Dondin-Payre and Raespart-Charlier 1999).   
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Turning to Velia, the demographic transition following Roman colonization of 

Magna Graecia is hard to quantify. Beginning in the 1st c. CE. sites in Magna Graecia 

were often settled by former Roman soldiers, though in several cases the establishment of 

Roman colonies in Magna Graecia was facilitated by a change in name only (Lomas 

2016). The degree of biological divergence between SCR and JBR to Velia may in part 

result from the origin of Velia as a Phocaean Greek colony, with individuals travelling 

from the coast of Asia Minor to settle on the Southern Tyrrhenian coast of Italy 

(Pellegrino 1957; Musti 1966; Cerchiai 2004; Mele 2006; Nenci and Vallet 2012). This 

original population would have facilitated the persistence of a non-Italic biological legacy 

in the area of Velia (Cerchiai 2004; Mele 2006; Nenci and Vallet 2012). It is known that 

Velia transitioned into a Roman settlement, yet to what degree newly arrived settlers 

displaced the original population remains uncertain. The limited epigraphic record from 

Velia seems to suggest that the Greek nature of the site persisted into, and potentially 

beyond, the 1st c. CE, as there is evidence of one Cornelius Gemellus holding both official 

Roman and Greek posts, as well as the persistence of the Greek healing cult of Apollo 

Oulios (Ebner 1962, 1970; Pugliese Carratelli 1970; Lomas 2016).  

The increased biological dissimilarity between SCR and JBR to the former Magna 

Graecia colony at Velia fits the model espoused by Piazza et al. (1988) and Coppa et al. 

(1998). The MMD results do not suggest that these sample populations are significantly 

divergent. The dissimilarity between JBR, SCR, and Velia is significant, but not so 

significant as to suggest a drastic biological dissimilarity, such as would be expected from 

two populations that never biologically interacted. Rather the phenetic similarity between 

these three groups suggests a general commonality in breeding population with regional 

differences. All three sites fell under the aegis of the Roman empire. It is not surprising 

that JBR, SCR, and Velia are broadly similar given the intensive infrastructure of the 

Roman Empire. Further to this point if one considers the importation of slaves to Portus, 

with significant amounts derived from continental Europe (Harris 1980; Scheidel 1997), 

coupled with the free mobility of individuals to this main port of Rome, it is not 

surprising that the greatest similarity would be between SCR and JBR and SCR and 
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Velia, as SCR is the most cosmopolitan of these three sites and as a result is the most 

fitting hub into which the biological spokes of provincial and distant territories of the 

Roman empire, such as Velia and JBR, fit.  

Unlike isotopes that rely on residence in a certain region to acquire a signature, 

nonmetric traits are heritable, thus residency is less important than the interaction of 

populations over time. It is for this reason, perhaps, that the similarity between SCR and 

JBR given the historic interactions between these regions, is greater than the similarity 

between Velia and JBR, two comparatively parochial sites that would have had little 

reason to interact with each other. 

7.6.2–Challenges of Utilizing Nonmetric traits 

In using nonmetric traits to examine group heterogeneity in this thesis one limitation that 

quickly became evident was small sample size and a limited number of sites. Small 

sample size is an issue in nonmetric trait studies because with nonmetric traits scorable 

for less than ~10 individuals, results can become skewed in terms of the amount of 

variation that appears. In terms of the number of skeletal samples examined, it is 

advisable that in future studies examining biological diversity in Imperial Roman contexts 

the number of sites utilized be expanded to include samples from numerous provincial 

and distant regions, particularly North Africa and the eastern regions of the Roman 

empire, to see if the trends of biological variation observed in the present study hold true 

among increasingly distant sites.  
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Chapter 8–Conclusions 

This thesis has examined the Imperial Roman era sites of Isola Sacra (SCR), Rue Jacques 

Brel Necropolis (JBR), and Velia with the intention of gauging the degree of mobility 

apparent in conjunction with an assessment of the biological diversity of these sites based 

on nonmetric traits. With the rapid expansion of the Roman Empire came increasing 

mobility on a level more akin to modern global mobility than to any previous time period 

preceding the Roman era. Historical and epigraphic texts provide accounts of regions 

from which individuals were mobile and how various groups interacted, yet quantification 

of mobility from Roman contexts has remained an ongoing challenge. When faced with 

the skeletal remains of individuals in archaeological contexts the ability to make specific 

links with historico-textual descriptions becomes increasingly problematic, necessitating 

that methods such as isotopic analysis be employed.  

 The isotopic perspectives presented in this thesis address this persistent difficulty 

directly. Through the use of 18Oc and 87Sr/86Sr it has been possible to provide an 

individual by individual assessment of potential regions from which mobility was taking 

place, helping to fill in the mosaic of Roman mobility and to provide further context to 

the regional interactions of individuals from across the expansive Empire. A key area that 

this research has addressed is female and childhood mobility. Due to a general lack of 

commemoration and explicit discussion of women and children in the classical and 

epigraphic literature the role of mobility in these individual’s lives is often obscured, 

precipitating theories and discussions about a lack of mobility among women and 

children and a dependency on male counterparts to accompany them. The present study 

has shown that not only were women mobile from various regions but also that the nature 

and age of mobility was variable and in most cases female mobility was comparable to 

male mobility, or at the very least, where not comparable, was far from non-existent. The 

same has been shown to be true for a sample of children from Isola Sacra. Based on 

variable signatures in the first vs. second vs. third molars of twenty children numerous 

instances and ostensibly different “types” of mobility have been identified. A number of 
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children were clearly mobile at very young ages while others appear to have undergone 

circular mobility, leaving Portus as children and returning as adults. The causal reason for 

these events remains uncertain. It is possible these young individuals were taken by 

parents to a foreign region, or were taken with a merchant adult to engage in overseas 

trade, either tacitly as the accompanying child/ward of a merchant or quite potentially 

actively as a merchant laborer. Yet what is not uncertain is that these children were 

mobile. This pattern of mobility deserves to be investigated further in subsequent 

research. The number of mobility events evident among a small sample of 20 individuals 

suggests a larger trend. That childhood mobility was not a rare or isolated phenomena, but 

rather, much like male and female adults, male and female children were mobile across 

the Roman landscape. 

 The mobility events identified from individuals of all ages suggest a significant 

degree and various types of mobility at various life stages at SCR, JBR, and Velia. As 

much as results are presented in a binary fashion as local and non-local it is clear that the 

process of mobility and migration in the Imperial Roman era is not an all or nothing 

proposition. This dissertation has argued that along with long distance mobility, local, 

regional, and return mobility would have been realities of human movement in the 

Imperial Roman era, creating a cosmopolitan environment of transnational mobility 

allowing for the expansion and exploitation of manifold mobility networks and the 

establishment and maintenance of social ties at numerous and varying locales. With 

increasing ranges of confidence (2, 1.5*IQR) there are less non-local individuals, as the 

regions considered “non-local” become increasingly distant and dissimilar to the “local” 

locale. In this way we see that local vs. non-local mobility is much more a continuum of 

human movement across the landscape and a contextualization of distances travelled 

being equated with whether or not an individual is local. It is important as such to keep 

such caveats in mind and to realize that local and non-local are categorical as much as 

they are fluid concepts and are not explicit designators of human existence.  

Along with the beneficial aspects of isotopic research it is evident there are also 

limitations, as isotopic signatures can be obscured by uncontrollable factors of regional 
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similarities. For the individuals that appear non-local at the three sites examined there is a 

clear isotopic signature that indicates a region other than the site of burial as the origin of 

this individual at a certain life point. Yet for all these individuals there are also 

individuals that fall within the local range of each site that may have been non-local, as 

they may have been mobile from isotopically similar regions. This difficulty touches 

upon one of the key challenges of bioarchaeological mobility research in that for the 

quantification that is possible, there is a degree of ambiguity due to regionally similar 

isotopic signatures. It is possible to provide regional assessments of where individuals 

migrated from based on isotopic values in rainwater (18Odw) and underlying geology 

(87Sr/86Sr) yet it if individuals are mobile within regions of similar isotopic signatures 

they will not necessarily be identified as non-local. It also remains difficult to isolate with 

a high degree of certainty the specific city an individual was mobile from. Though these 

are limitations they are not inhibitions to using this method as isotopic evidence can 

provide a degree of personalized evidence not possible with more traditional methods of 

epigraphy and burial style, allowing for mobility at any given site with preserved human 

remains to be conceptualized from the individualized level of its inhabitants.  

This study has also shown that epigraphic and isotopic methods can be 

complementary. In the case of SCR the limited epigraphic information available with 

insight to regions of known origins for individuals buried at Isola Sacra helped to provide 

a further piece of data that was used to suggest and support potential regions of origin 

(e.g. North Africa) based on corresponding isotope data. Epigraphic data can also help to 

point out locations that might not otherwise be considered. The point and case in the 

present study being Palmyra. The distant location of this site compared to SCR and JBR 

in terms of mobility would parsimounsiously suggest a less likely point of origin. Yet the 

work of Noy (2010) provides concrete evidence that migrants from Palmyra were present 

in Romano-Britain, providing a basis to suggest that they may also be present at JBR and 

SCR. In this way the textual data available can help to contextualize and suggest points of 

origin that can be supported through isotopic methodologies.     
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For all the benefits of isotopic methods we cannot reasonably attest from isotopic 

data alone the degree of integration or exclusion from a community that a non-local 

individual would have experienced. It is at this crux that isotopic examination is best 

situated within broader anthropological methodologies (e.g. burial and grave good style, 

theoretical models of mobility and identity etc…) to gain insights to how non-local 

individuals may have been integrated and acculturated at various residency locales.  

Moving forward, in the foreseeable future isotopic bioarchaeological studies of 

Roman contexts would benefit from two areas of inquiry. The first, as has been discussed 

at length previously, is the continued need to integrate epigraphic, archaeological and 

bioarchaeological methods in the hope of providing increasingly nuanced and robust 

interpretations. The second area of inquiry that would benefit from further attention is the 

need to generate bioavailable 87Sr/86Sr data. As it stands most bioavailable 87Sr/86Sr data 

is generated on a site by site or region by region basis for specific study purposes. This is 

of course very helpful but also makes inter-regional comparisons between sites 

challenging. Broader regional bioavailable 87Sr/86Sr studies such as those presented by 

Nafplioti (2011) and Willmes et al. (2014) for Greece and France respectively allow not 

only single site comparisons but also broader regional studies. Such bioavailable 87Sr/86Sr 

provenience studies are invaluable to the field as a whole. 

 Turning to nonmetric traits the results of this dissertation have provided a number 

of insights regarding this methodology and the sites of SCR, JBR, and Velia. The 

biological results of this distance study suggest a degree of underlying homogeneity of 

samples with region variations. Given the results of the isotopic study suggesting 

significant mobility to all three sites it is possible that the biological diversity at all three 

sites is roughly similar, while regionally unique population contributions resulted in the 

greater dissimilarity of JBR to Velia. It can be said, as has been previously discussed by 

Coppa et al. (1998) and Rubini et al. (2007), that with Roman expansion increasing 

biological similarity would have been taking place as a result of the mass mobility of 

individuals to and from Rome as well as the increased potential for regular gene flow 

provided by the increasingly robust infrastructure and transportation networks generated 
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under the Roman empire. What future research needs to confirm or contest this assertion 

is a wider set of samples. With increased inclusion of provincial and distant sites this 

trend of biological averaging could be better examined, and it might be possible to further 

suggest where this process was most prominent based on the degree of MMD similarity 

and dissimilarity by region.  

 The Roman empire was a complex and convoluted environment that any one 

method of examination would be found wanting to define and encapsulate in all aspects. 

The arguments and results presented in this thesis offer a number of insights and 

contributions that can be interwoven with other means of examining mobility and can be 

built upon by future research. Regardless of one’s perspective on who was moving and 

why they were moving, more than anything what this dissertation contributes is that 

people were moving.  
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Appendix A–Calculated 18O Values 

 

Site 

VPDB 

(‰) 

VSMOW* 

(‰) 

Phosphate† 

(‰) 

δ18Odw § 

(Daux) (‰) 

δ18Odw §§ 

(Chenery) (‰) 

Difference 

Daux vs. 

Chenery (‰) 

JBR       
JBR 8 -4.1 26.7 17.7 -6.5 -6.2 -0.3 

JBR 16 -5.1 25.7 16.7 -8.1 -7.8 -0.3 

JBR 18 -3.7 27.1 18.0 -5.9 -5.6 -0.4 

JBR 21 -4.0 26.7 17.7 -6.5 -6.1 -0.3 

JBR 23 -4.2 26.6 17.5 -6.7 -6.4 -0.3 

JBR 28b -3.4 27.4 18.4 -5.4 -5.0 -0.4 

JBR 29 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

JBR 34 -6.0 24.8 15.8 -9.4 -9.3 -0.2 

JBR 35 -4.0 26.8 17.8 -6.4 -6.0 -0.3 

JBR 40 -5.9 24.9 15.9 -9.3 -9.1 -0.2 

JBR 46 -6.2 24.6 15.6 -9.7 -9.6 -0.2 

JBR 54 -6.9 23.8 14.8 -10.9 -10.8 -0.1 

JBR 55 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

JBR 56 -3.0 27.8 18.7 -4.9 -4.4 -0.4 

JBR 59A  -5.2 25.6 16.6 -8.2 -8.0 -0.2 

JBR 59B -4.5 26.3 17.2 -7.2 -6.9 -0.3 

JBR 62 -5.3 25.5 16.5 -8.3 -8.1 -0.2 

JBR 63 -5.7 25.0 16.0 -9.1 -8.9 -0.2 

JBR 64 -6.9 23.8 14.8 -10.9 -10.8 -0.1 

JBR 66 -4.6 26.2 17.1 -7.3 -7.0 -0.3 

JBR 67 -3.9 26.9 17.9 -6.2 -5.9 -0.3 

JBR 76 -6.0 24.7 15.7 -9.5 -9.3 -0.2 

JBR 82 -5.2 25.6 16.6 -8.2 -8.0 -0.2 

JBR 84 -3.8 27.0 18.0 -6.1 -5.7 -0.4 

JBR 85 -4.4 26.4 17.3 -7.0 -6.7 -0.3 

JBR 86 -3.2 27.6 18.6 -5.1 -4.7 -0.4 

JBR 90 -5.1 25.6 16.6 -8.2 -7.9 -0.2 

JBR 98 -6.2 24.5 15.6 -9.8 -9.6 -0.2 

JBR 101 -2.6 28.2 19.2 -4.2 -3.7 -0.5 

JBR 103 -4.2 26.6 17.6 -6.7 -6.3 -0.3 

JBR 105 -5.7 25.0 16.0 -9.0 -8.9 -0.2 

JBR 106 -5.2 25.5 16.5 -8.3 -8.0 -0.2 

JBR 110 -3.0 27.8 18.7 -4.9 -4.5 -0.4 

JBR 111 -5.0 25.8 16.8 -7.9 -7.7 -0.3 

JBR 112 -3.3 27.5 18.5 -5.3 -4.9 -0.4 

JBR 115 -4.8 26.0 17.0 -7.6 -7.3 -0.3 

JBR 116 -5.8 24.9 15.9 -9.2 -9.0 -0.2 

JBR 122 -5.3 25.4 16.4 -8.4 -8.2 -0.2 

JBR 128 -5.1 25.7 16.6 -8.1 -7.8 -0.2 
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SCR 

SCR 36 -7.7 23.0 14.0 -12.1 -12.1 0.0 

SCR 68 -8.0 22.7 13.8 -12.5 -12.5 0.0 

SCR 75 -4.0 26.8 17.7 -6.4 -6.1 -0.3 

SCR 88 -3.0 27.9 18.8 -4.8 -4.3 -0.4 

SCR 98 -4.8 26.0 16.9 -7.6 -7.4 -0.3 

SCR 99 -6.1 24.6 15.6 -9.7 -9.5 -0.2 

SCR 106 -4.1 26.7 17.7 -6.5 -6.2 -0.3 

SCR 127 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

SCR 133 -6.4 24.3 15.3 -10.1 -9.9 -0.1 

SCR 144 -5.7 25.0 16.0 -9.1 -8.9 -0.2 

SCR 160 -6.2 24.5 15.5 -9.8 -9.7 -0.2 

SCR 169 -4.9 25.9 16.8 -7.8 -7.5 -0.3 

SCR 171 -7.2 23.5 14.5 -11.3 -11.2 -0.1 

SCR 174 -7.6 23.1 14.1 -12.0 -11.9 0.0 

SCR 181 -3.9 26.9 17.9 -6.2 -5.9 -0.3 

SCR 190 -6.8 23.9 14.9 -10.8 -10.7 -0.1 

SCR 191 -5.2 25.5 16.5 -8.3 -8.0 -0.2 

SCR 193 -4.0 26.7 17.7 -6.4 -6.1 -0.3 

SCR 194 -3.4 27.4 18.3 -5.5 -5.1 -0.4 

SCR 196 -7.1 23.6 14.6 -11.2 -11.1 -0.1 

SCR 199 -3.3 27.5 18.5 -5.3 -4.9 -0.4 

SCR 201 -3.9 26.9 17.8 -6.3 -5.9 -0.3 

SCR 217 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

SCR 220 -3.3 27.5 18.4 -5.3 -4.9 -0.4 

SCR 239 -4.9 25.8 16.8 -7.8 -7.6 -0.3 

SCR 245 -5.2 25.6 16.5 -8.2 -8.0 -0.2 

SCR 250 -3.6 27.2 18.2 -5.7 -5.3 -0.4 

SCR 251 -6.1 24.7 15.7 -9.6 -9.4 -0.2 

SCR 252 -4.0 26.7 17.7 -6.5 -6.1 -0.3 

SCR 269 -3.2 27.6 18.5 -5.2 -4.8 -0.4 

SCR 272 -5.5 25.3 16.3 -8.7 -8.5 -0.2 

SCR 282 -6.5 24.2 15.2 -10.3 -10.2 -0.1 

SCR 285 -3.0 27.8 18.8 -4.8 -4.4 -0.4 

SCR 287 -6.5 24.2 15.2 -10.3 -10.2 -0.1 

SCR 298 -4.4 26.4 17.3 -7.0 -6.7 -0.3 

SCR 301 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

SCR 303 -3.9 26.9 17.8 -6.2 -5.9 -0.3 

SCR 312 -4.2 26.6 17.6 -6.7 -6.3 -0.3 

SCR 314 -3.3 27.5 18.5 -5.3 -4.9 -0.4 

SCR 320 -8.5 22.2 13.2 -13.3 -13.4 0.0 

SCR 321 -4.5 26.2 17.2 -7.2 -6.9 -0.3 

SCR 324 -5.0 25.7 16.7 -8.0 -7.7 -0.3 

SCR 326 -3.2 27.6 18.6 -5.1 -4.7 -0.4 

SCR 329 -3.5 27.3 18.2 -5.6 -5.3 -0.4 

SCR 330 -6.2 24.5 15.5 -9.9 -9.7 -0.2 

SCR 334 -5.0 25.8 16.7 -7.9 -7.7 -0.3 

SCR 343 -4.9 25.9 16.9 -7.7 -7.4 -0.3 

SCR 344 -6.2 24.5 15.5 -9.9 -9.7 -0.2 

SCR 352 -7.2 23.5 14.5 -11.4 -11.3 -0.1 
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SCR 361 -3.0 27.8 18.8 -4.8 -4.4 -0.4 

SCR 362 -3.1 27.7 18.7 -5.0 -4.6 -0.4 

SCR 376 -7.5 23.1 14.2 -11.9 -11.9 0.0 

SCR 404 -6.8 23.9 14.9 -10.7 -10.6 -0.1 

SCR 411 -5.9 24.8 15.8 -9.4 -9.2 -0.2 

SCR 430 -5.9 24.9 15.9 -9.3 -9.1 -0.2 

SCR 431 -6.0 24.7 15.7 -9.6 -9.4 -0.2 

SCR 433 -3.5 27.3 18.2 -5.6 -5.2 -0.4 

SCR 435 -4.1 26.7 17.7 -6.5 -6.2 -0.3 

SCR 442 -3.6 27.2 18.2 -5.7 -5.4 -0.4 

SCR 443 -4.2 26.6 17.6 -6.7 -6.3 -0.3 

SCR 445 -3.3 27.5 18.4 -5.4 -5.0 -0.4 

SCR 448 -5.5 25.2 16.2 -8.8 -8.6 -0.2 

SCR 452 -3.3 27.5 18.5 -5.3 -4.9 -0.4 

SCR 462 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

SCR 463 -6.3 24.4 15.4 -10.0 -9.9 -0.1 

SCR 464 -4.8 26.0 16.9 -7.6 -7.3 -0.3 

SCR 467 -3.4 27.4 18.4 -5.4 -5.1 -0.4 

SCR 470 -3.5 27.3 18.3 -5.6 -5.2 -0.4 

SCR 479 -5.1 25.6 16.6 -8.1 -7.9 -0.2 

SCR 484 -6.1 24.7 15.7 -9.6 -9.4 -0.2 

SCR 485 -4.7 26.0 17.0 -7.5 -7.2 -0.3 

SCR 500 -6.3 24.4 15.4 -10.0 -9.9 -0.1 

SCR 525 -4.9 25.8 16.8 -7.8 -7.5 -0.3 

SCR 526 -5.3 25.4 16.4 -8.4 -8.2 -0.2 

SCR 562 -4.3 26.5 17.4 -6.9 -6.6 -0.3 

SCR 602 -3.4 27.4 18.3 -5.5 -5.1 -0.4 

SCR 678 -6.6 24.1 15.1 -10.5 -10.4 -0.1 

SCR 698 -3.3 27.5 18.5 -5.3 -4.9 -0.4 

SCR 730 -5.8 24.9 15.9 -9.2 -9.0 -0.2 

SCR 797 -6.3 24.4 15.4 -10.0 -9.9 -0.1 

Velia      

 

 

Velia 57 -1.1 29.8 20.7 -1.8 -1.3 -0.6 

Velia 82 -4.1 26.7 17.7 -6.5 -6.2 -0.3 

Velia 117 -5.6 25.1 16.1 -8.9 -8.7 -0.2 

Velia 134 -5.8 24.9 15.9 -9.2 -9.0 -0.2 

Velia 139 -4.6 26.2 17.1 -7.3 -7.0 -0.3 

Velia 146 -4.3 26.5 17.5 -6.8 -6.5 -0.3 

Velia 160 -4.9 25.9 16.8 -7.8 -7.5 -0.3 

Velia 169 -5.5 25.3 16.3 -8.7 -8.4 -0.2 

Velia 174 -4.7 26.1 17.1 -7.4 -7.1 -0.3 

Velia 181 -4.7 26.1 17.1 -7.4 -7.1 -0.3 

Velia 182 -4.2 26.6 17.6 -6.6 -6.3 -0.3 

Velia 186 -3.6 27.2 18.1 -5.8 -5.4 -0.4 

Velia 194 -5.8 24.9 15.9 -9.2 -9.1 -0.2 

Velia 205 -2.4 28.4 19.3 -4.0 -3.5 -0.5 

Velia 211 -6.0 24.7 15.7 -9.5 -9.4 -0.2 

Velia 214 -5.5 25.3 16.3 -8.7 -8.5 -0.2 

Velia 222 -3.5 27.3 18.2 -5.6 -5.3 -0.4 
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Velia 223 -5.4 25.3 16.3 -8.6 -8.4 -0.2 

Velia 270 -3.9 26.9 17.8 -6.3 -5.9 -0.3 

Velia 283 -4.2 26.6 17.5 -6.7 -6.4 -0.3 

 
* VSMOW (‰) values following Faure and Mensing (2005) 18Oc(VSMOW)= 1.0309 x 18Oc(VPDB) + 

30.91. 
† Phosphate values (‰) following Iacumin et al. (1996) δ18Op = 0.98 x δ18Oc – 8.5.  
§ Drinking water (dw) values (‰) following Daux et al. (2008) δ18Odw = 1.54 x δ18Op – 33.72. 
§§ Drinking water (dw) values (‰) following Chenery et al. (2012) 18Odw= 1.590 x 18Oc -48.634.
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Appendix B–Nonmetric Traits Employed 

 

Cranial Traits Infracranial Traits Dental Traits 

   

Metopic suture (MS)   

Supraorbital notch (SN)  

Supraorbital Foramen (SF)  

Infraorbital Suture (IS)  

Multiple Infraorbital Foramen 

(MIF)    

Zygomatic Foramen (ZF) 

Parietal Foramen (PF) 

Sutural Bones  

 Epiteric (ESB) 

 Coronal (CSB) 

 Bregma (BSB) 

 Saggital (SSB) 

 Apical (ASB) 

 Lambda (LSB) 

 Asterion (AsSB) 

 Occipital Mastoid (OM) 

 Parietal Notch (PN) 

Inca Bone (IB) 

Condylar Canal (CC) 

Divided Hypoglossal Canal 

(DH) 

Foramen Ovale (FO) 

Foramen Spinosum (FS) 

Pterygospinous  

Bridge (PSB) 

Pterygoid Alar bridge (PAB) 

Tympanic Dihiscence (TD) 

Mastoid Foramen (MASF) 

Mental Forman (MENF) 

Mandibular Torus (MT) 

Mylohyoid Bridge (MB) 

 

Atlas Foramen Divided 

(AFD) 

Atlas Posterior Bridge (APB) 

Atlas Lateral Bridge (ALB) 

Retroarticular Bridging 

(RAB) 

Cervical vertebrae Bifurcated 

Tail (CVBFT) ??? 

Sternal Foramen (SF) 

Supracondylar Spur (SS) 

Acetabular Crease (AC) 

Calcaneus Facet Form (CFF) 

First Cuneiform Facet 

Divided (C1FD) 

 

Maxillary Traits 

Incisor Winging (W)  

Incisor Labial Curve (LC) 

Shovelling (Shov) 

Double Shovelling (DShov) 

Interruption Groove (IG) 

Incisor and Canine Tuberculum 

Dentale (ICtd) 

Canine Mesial Ridge (CMR) 

Upper Canine Distal Accessory 

Ridge (UCDAR) 

Premolar Mesial and Distal 

Cusps (PMDC) 

Metacone (MC) 

Hypocone (HC) 

Upper Cusp 5 (C5) 

Carabelli’s Trait (CT) 

Parastyle (PAR) 

Upper Enamel Extension (UEE) 

 

Mandibular Traits 

Lower Canine Distal Accessory 

Ridge (LCDAR) 

Premolar Lingual Cusp 

Variation (PLCV) 

Anterior Fovea (AF) 

Groove Pattern (GP) 

Molar Cusp Number (MCN) 

Deflecting Wrinkle (DW) 

Distal Trigonoid Crest (DTC) 

Protostylid (PS) 

Lower Cusp 5 (LC5) 

Lower Cusp 6 (LC6) 

Lower Cusp 7 (LC7) 

Lower Enamel Extension (LEE) 
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Appendix C–Demography of Sample Examined for Nonmetric Trait 

Analysis 

 
Site Ind. M/F Age Site Ind. M/F Age Site Ind. M/F Age 

JBR            
JBR 8 F 20+ SCR 181 M 40-45 SCR 485 M 40-50 

JBR 10 F 20+ SCR 185 F 40-50 SCR 486 M 35-40 

JBR 14 M 40+ SCR 188 M 20-30 SCR 500 M 20-25 

JBR 16 F 20-25 SCR 190 F 25-30 SCR 501 F 30-40 

JBR 18 F 30+ SCR 191 M 40-50 SCR 503 M 40-45 

JBR 21 M 30+ SCR 193 F 25-30 SCR 510 F 30-40 

JBR 23 F 30+ SCR 194 F 40-45 SCR 521 M 20-21 

JBR 28A F 35-40 SCR 196 M 20-25 SCR 525 M 40-50 

JBR 28B F 35-45 SCR 199 F 35-40 SCR 526 M 30-40 

JBR 29 F 30+ SCR 201 F 35-40 SCR 549 F 40-45 

JBR 31 M 30+ SCR 215 M 35-40 SCR 553 M 20-30 

JBR 34 F 18-19 SCR 216 M 20-21 SCR 562 M 50+ 

JBR 35 M 30+ SCR 217 M 30-40 SCR 575 M 20-25 

JBR 40 F 30+ SCR 220 M 40-45 SCR 590 M 50+ 

JBR 45 F 35-40 SCR 221 M 40-45 SCR 602 F 25-30 

JBR 46 M 30+ SCR 226 F 20-21 SCR 603 M 40-50 

JBR 54 F 30+ SCR 227 F 50+ SCR 607 F 40-50 

JBR 55 F 30+ SCR 232 M 40-50 SCR 608 F 40-45 

JBR 56 F 30+ SCR 233 F 50+ SCR 616 M 40-50 

JBR 59A F 20+ SCR 239 F 40-45 SCR 617 M 40-50 

JBR 62 F 30+ SCR 241 F 40-50 SCR 668 M 40-45 

JBR 63 M 20-25 SCR 243 F 30-35 SCR 669 F 40-45 

JBR 64 F 35-40 SCR 245 F 35-40 SCR 670 M 35-40 

JBR 66 F 35-40 SCR 246 F 40-45 SCR 678 M 50+ 

JBR 67 M 40+ SCR 250 M 40-50 SCR 679 M 20-23 

JBR 73 F 40-45 SCR 251 M 30-40 SCR 682 M 45-50 

JBR 76 M 20+ SCR 252 F 40-45 SCR 686 M 35-40 

JBR 80 F 25-30 SCR 261 M 50+ SCR 689 M 20-21 

JBR 81 F 40-45 SCR 264 M 50+ SCR 691 F 30-40 

JBR 82 M 25-30 SCR 269 F 35-40 SCR 692 M 25-30 

JBR 84 M 30-40 SCR 272 F 30-35 SCR 698 M 40-50 

JBR 85 F 30+ SCR 281 F 40-50 SCR 699 F 40-50 

JBR 86 F 30+ SCR 282 M 30-40 SCR 711 F 40-50 

JBR 90 M 35-40 SCR 285 F 50+ SCR 715 M 45-50 

JBR 98 F 30+ SCR 286 M 30-40 SCR 717 M 40-50 

JBR 101 F 30+ SCR 287 F 30-40 SCR 729 M 50+ 

JBR 103 F 25-30 SCR 288 M 45-50 SCR 730 M 50+ 

JBR 104 M 30+ SCR 291 F 45-50 SCR 797 M 30-40 

JBR 105 M 30+ SCR 294 F 40-50 Velia    
JBR 106 M 30+ SCR 295 F 45-50 Velia 43 M 40-50 

JBR 110 F 40-45 SCR 296 F 30-35 Velia 51 M 50+ 

JBR 111 M 30+ SCR 298 M 40-50 Velia 57 M 30-35 

JBR 112 M 35-40 SCR 301 M 30-40 Velia 58 M 50+ 

JBR 113 F 50+ SCR 303 M 35-40 Velia 64 M 40-50 

JBR 115 M 20-25 SCR 304 F 20+ Velia 70 M 30-35 
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JBR 116 M 30+ SCR 305 F 20-25 Velia 71 F 40-50 

JBR 117 M 40-45 SCR 306 F 20-25 Velia 75 M 50+ 

JBR 122 M 20+ SCR 307 F 40-45 Velia 78 F 20-25 

JBR 124 M 45-50 SCR 312 F 35-40 Velia 80 F 40-50 

JBR 126 M 25-30 SCR 314 F 40-45 Velia 81 F 50+ 

JBR 128 M 40+ SCR 320 F 20-25 Velia 82 F 50+ 

SCR    SCR 321 F 30-35 Velia 83 F 40-50 

SCR 15 F 50+ SCR 323 F 50+ Velia 86 M 40-50 

SCR 18 F 25-30 SCR 324 F 30-40 Velia 87 M 50+ 

SCR 35 M 20-25 SCR 325 M 20-25 Velia 94 F 50+ 

SCR 36 M 20-21 SCR 328 F 35-40 Velia 99 F 50+ 

SCR 37 M 50+ SCR 329 F 40-50 Velia 100 M 40-50 

SCR 39 F 50+ SCR 330 F 20-25 Velia 102 M 40-50 

SCR 44 M 40-45 SCR 331 M 30-35 Velia 105 F 20-25 

SCR 52 F 25-30 SCR 334 F 30-35 Velia 109 M 40-50 

SCR 55 F 40-45 SCR 340 F 25-30 Velia 113 M 50+ 

SCR 59 F 35-40 SCR 343 M 20-25 Velia 117 F 20-30 

SCR 60 F 50+ SCR 344 M 30-35 Velia 118 M 20-25 

SCR 67 F 45-50 SCR 352 F 35-40 Velia 119 M 30-40 

SCR 68 F 20-30 SCR 353 F 20-25 Velia 131 M 50+ 

SCR 69 F 30-40 SCR 358 F 30-35 Velia 134 F 20-30 

SCR 75 M 20-23 SCR 361 M 20-25 Velia 136 F 35-40 

SCR 76 M 40-50 SCR 362 F 40-50 Velia 137 F 40-50 

SCR 77 M 35-40 SCR 363 F 40-45 Velia 139 M 30-40 

SCR 79 F 20-30 SCR 376 M 35-40 Velia  140.1 M 43-55 

SCR 84 F 40-50 SCR 404 M 20-25 Velia 146 M 43-55 

SCR 86 M 20-25 SCR 409 F 30-40 Velia 151 F 40-50 

SCR 88 M 50+ SCR 411 F 20-25 Velia 152 M 40-50 

SCR 90 M 25-30 SCR 416 F 20-21 Velia 154 F 50+ 

SCR 97 M 40-50 SCR 417 F 40-45 Velia 155.III M 50+ 

SCR 98 F 20-25 SCR 419 F 40-50 Velia 157.1301  M 40-50 

SCR 99 M 30-35 SCR 421 F 30-35 Velia 160 F 30-40 

SCR 105 F 40-50 SCR 422 F 45-50 Velia 164 M 25-30 

SCR 106 F 20-23 SCR 430 M 45-50 Velia 169 M 30-40 

SCR 113 F 20+ SCR 431 F 40-50 Velia 171 M 45-50 

SCR 123 F 20+ SCR 433 F 30-35 Velia 174 M 40-50 

SCR 127 M 40+ SCR 434 F 30-40 Velia 176 M 40-50 

SCR 128 F 30-35 SCR 435 M 40-45 Velia 181 F 50+ 

SCR 133 M 20+ SCR 437 F 50+ Velia 182 M 25-30 

SCR 134 M 50+ SCR 438 M 50+ Velia 186 M 20-24 

SCR 142 M 30-35 SCR 439 M 40-45 Velia 188 F 20-23 

SCR 143 M 40-50 SCR 440 M 50+ Velia 189 M 30-40 

SCR 144 M 25-30 SCR 442 F 30-40 Velia 193 F 40-50 

SCR 145 M 45-50 SCR 443 F 40-50 Velia 194 M 30-40 

SCR 148 F 40-50 SCR 445 F 20-30 Velia 200 F 25-30 

SCR 150 F 40-50 SCR 448 M 30-35 Velia 203 F 35-40 

SCR 152 F 40-50 SCR 452 F 30-40 Velia 205 F 30-40 

SCR 158 M 40-45 SCR 462 M 30-40 Velia 211 M 30-35 

SCR 159 F 40-50 SCR 463 M 30-40 Velia 214 F 25-35 

SCR 160 F 40-50 SCR 464 M 25-30 Velia 222 M 30-40 

SCR 161 F 30-40 SCR 466 F 40-50 Velia 223 F 40-45 

SCR 169 F 20-30 SCR 467 F 30-35 Velia 241 F 40-50 
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SCR 171 M 30-40 SCR 470 F 25-30 Velia 270 F 40-50 

SCR 173 F 40-45 SCR 479 F 30-40 Velia 283 F 50+ 

SCR 174 M 30-40 SCR 482 M 50+ Velia 287 M 40-50 

SCR 179 M 50+ SCR 484 F 25-30 Velia 290 F 40-50 

SCR 180 M 20-25         
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Appendix D–List of Nonmetric Traits Examined  

 

Nonmetric trait names are presented in the first column. Each trait is presented as number 

present/number of individuals observed (percentage). L = Left, R= Right, CVBFT= 

cervical vertebrae bipartite transverse foramen. 

 
Trait JBR SCR Velia 

Metopic Suture 

Supra-Orbital Notch L.  

Supra-Orbital Notch R.      

Supra-Orbital Foramen L.  

Supra-Orbital Foramen R.  

Infra-orbital Suture L.   

Infra-Orbital Suture R.   

Multi Infra-Orbital Foramen L.      

Multi Infra-Orbital Foramen R.      

Zygomatic Foramen L.   

Zygomatic Foramen R.             

2/25 (8.0%) 

16/20 (80%) 

15/22 (68.2%) 

8/21 (38.1%) 

11/23 (47.9%) 

0/3 (0%) 

0/1 (0%) 

1/3 (33.4%) 

0/1 (0%) 

26/30 (86.7%) 

32/33 (97%) 

6/117 (5.2%) 

87/116 (75%) 

87/109 (79.9%) 

59/117 (50.5%) 

46/112 (41.1%) 

15/63 (23.9%) 

13/56 (23.3%) 

4/68 (5.9%) 

4/62 (6.5%) 

91/106 (85.9%) 

96/110 (87.3%) 

9/39 (23.1%) 

34/43 (79.1%) 

34/46 (74.0%) 

22/42 (52.4%) 

21/44 (47.8%) 

10/39 (25.7%) 

8/38 (21.1%) 

5/40 (12.5%) 

4/40 (10%) 

33/40 (82.5%) 

37/41 (90.3%) 

Parietal Foramen L. 

Parietal Foramen R. 

Epiteric Ossicle L. 

Epiteric Ossicle R. 

Coronal Ossicle L. 

13/26 (50%) 

12/27 (44.5%) 

0/0 (0%) 

0/2 (0%) 

0/16 (0%) 

44/122 (36.1%) 

57/122 (46.8%) 

2/51 (4%) 

3/49 (6.2%) 

6/100 (6.0%) 

15/41(36.6%) 

20/38 (52.7%) 

1/29 (3.5%) 

1/25 (4.0%) 

0/33 (0%) 

Coronal Ossicle R. 

Bregmatic Ossicle 

1/18 (5.6%) 

0/18 (0%) 

7/97 (7.3%) 

1/96 (1.1%) 

0/29 (0.0%) 

0/34 (0%) 

Saggittal Ossicle  0/17 (0.0%) 2/100 (2.0%) 3/35 (8.6%) 

Apical Ossical 2/19 (10.6%) 14/103 (13.6%) 0/33 (0.0%) 

Lambdoidal Ossicle L. 

Lamdboidal Ossicle R. 

Asterionic Ossicle L. 

4/19 (21.1%) 

7/20 (35%) 

1/15 (6.7%) 

52/110 (47.3%) 

51/108 (47.3%) 

10/84 (12.0%) 

13/37 (35.2%) 

16/40 (40.0%) 

6/32 (18.8%) 

Asterionic Ossicle R. 

Occipital Mastoid Ossicle L. 

Occipital Mastoid Ossicle R. 

Parietal Notch Ossicle L. 

Parietal Notch Ossicle R. 

0/16 (0.0%) 

0/14 (0%) 

0/15 (0%) 

2/15 (13.4%) 

1/16 (6.3%) 

9/85 (10.6%) 

3/85 (3.6%) 

4/87 (4.6%) 

4/87 (4.6%) 

7/85 (8.3%) 

3/30 (10.0%) 

1/34 (3%) 

2/29 (6.9%) 

2/29 (6.9%) 

3/31 (9.7% 

Inca Bone 

Condylar Canal L.  

Condylar Canal R.  

2/25 (8.0%) 

2/3 (66.7%) 

3/4 (75%) 

2/113 (1.8%) 

29/59 (49.2%) 

34/59 (57.7%) 

0/40 (0.0%) 

18/34 (53.0%) 

21/36 (58.4%) 

Divided Hypoglossal Canal L. 

Divided Hypoglossal Canal R. 

Foramen Ovale L. 

Foramen Ovale R. 

Foramen Spinosum L. 

Foramen Spinosum R. 

Pterygo-Spinous Bridge L.  

Pterygo-Spinous Bridge R.  

Pterygo-Alar Bridge L. 

Pterygo-Alar Bridge R.  

Tympanic Dihiscence L. 

12/31 (38.8%) 

14/35 (40.0%) 

0/3 (0.0%) 

0/2 (0.0%) 

0/3 (0.0%) 

0/2 (0.0%) 

0/3 (0.0%) 

0/2 (0.0%) 

0/3 (0.0%) 

0/2 (0.0%) 

1/27 (3.8%) 

27/100 (27.0%) 

29/96 (27.1%) 

0/48 (0.0%) 

1/51 (2.0%) 

10/48 (20.9%) 

8/53 (15.1%) 

5/48 (10.5%) 

7/51 (13.8%) 

8/48 (16.7%) 

8/50 (16.0%) 

15/134 (11.2%) 

17/39 (43.6%) 

15/38 (39.5%) 

0/26 (0.0%) 

1/29 (3.5%) 

8/26 (30.8%) 

17/29 (58.7%) 

9/23 (39.2%) 

10/29 (34.5%) 

9/27 (33.4%) 

14/29 (48.3%) 

6/48 (12.5%) 
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Tympanic Dihiscence R. 

Mastoid Foramen L. 

Mastoid Foramen R.  

Mental Foramen L.  

4/29 (13.8%) 

20/22 (91.0%) 

24/26 (92.4%) 

31/32 (96.9%) 

10/121 (8.3%) 

105/114 (92.2%) 

93/104 (89.5%) 

106/127 (84.2%) 

1/43 (2.4%) 

45/53 (85.0%) 

41/47 (87.3%) 

54/55 (98.2%) 

Mental Foramen R. 

Mandibular Torus L.  

Mandibular Torus R. 

33/34 (97.1%) 

2/32 (6.3%) 

1/34 (3.0%) 

106/126 (84.2%) 

9/123 (7.4%) 

12/128 (9.4%) 

54/55 (98.2%) 

7/56 (12.5%) 

5/52 (9.7%) 

Mylohyoid Bridge L. 

Mylohyoid Bridge R.  

Atlas Foramen Double L. 

3/29 (10.4%) 

5/28 (17.9%) 

0/32 (0.0%) 

27/120 (22.5%) 

17/120 (14.2%) 

4/99 (4.1%) 

15/54 (27.8%) 

5/37 (13.6%) 

6/45 (13.4%) 

Atlas Foramen Double R. 

Atlas Posterior Bridge L. 

Atlas Posterior Bridge R. 

Atlas Lateral Bridge L.  

Atlas Lateral Bridge R.  

Retro-Articular Bridge L. 

0/28 (0.0%) 

4/29 (13.8%) 

2/28 (7.2%) 

0/26 (0.0%) 

1/23 (4.4%) 

2/20 (10.0%) 

3/96 (3.2%) 

11/96 (11.5%) 

15/93 (16.2%) 

0/95 (0.0%) 

1/93 (1.1%) 

12/89 (13.5%) 

6/43 (14.0%) 

4/38 (10.6%) 

3/37 (8.2%) 

1/41 (2.5%) 

2/39 (5.2%) 

9/42 (21.5%) 

Retro-Articular Bridge R. 

CVBFT L. 

1/19 (5.3%) 

8/20 (40.0%) 

9/87 (10.4%) 

33/96 (34.4%) 

12/38 (31.6%) 

13/45 (28.9%) 

CVBFT R. 

Sternal Foramen 

Supracondylar Spur L. 

10/20(50.0%) 

0/6 (0.0%) 

2/42 (4.8%) 

30/92 (32.7%) 

2/40 (5.0%) 

6/164 (3.7%) 

11/44 (25.0%) 

4/33 (12.2%) 

1/61 (1.7%) 

Supracondylar Spur R. 

Acetabular Crease L. 

Acetabular Crease R. 

3/42 (7.2%) 

8/42 (19.1%) 

12/41 (29.3%) 

3/163 (1.9%) 

24/131 (18.4%) 

24/129 (18.7%) 

1/63 (1.6%) 

11/50 (22.0%) 

9/46 (19.6%) 

Calcaneal Facet Divided L. 

Calcaneal Facet Divided R. 

First Cuneiform Facet Divided L. 

First Cuneiform Facet Divided R. 

Winging UI1R 

Winging UI1L 

Labial Curve UI1R 

Labial Curve UI1L 

Shoveling UI1R 

Shoveling UI1L 

Double Shoveling UI1R 

Double Shovelling UI1L 

Interruption Grove UI1R 

16/30 (53.4%) 

18/40 (45.0%) 

0/25 (0.0%) 

0/25 (0.0%) 

1/8 (12.5%) 

1/9 (11.2%) 

2/13 (15.4%) 

4/16 (25.0%) 

0/11 (0.0%) 

0/14 (0.0%) 

0/13 (0.0%) 

0/16 (0.0%) 

0/12 (0.0%) 

52/135 (38.6%) 

51/142 (36.0%) 

1/94 (1.1%) 

2/92 (2.2%) 

3/70 (4.3%) 

5/55 (9.1%) 

16/85 (18.9%) 

17/73 (23.3%) 

0/84 (0.0%) 

0/72 (0.0%) 

0/84 (0.0%) 

0/73 (0.0%) 

3/85 (3.6%) 

29/66 (44.0%) 

25/65 (38.5%) 

1/50 (2.0%) 

2/54 (3.8%) 

2/31 (6.5%) 

3/26 (11.6%) 

8/34 (23.6%) 

8/30 (26.7%) 

0/35 (0.0%) 

0/31 (0.0%) 

0/35 (0.0%) 

0/32 (0.0%) 

4/34 (11.8%) 

Interruption Grove UI2L 

Interruption Grove UI2R 

Interruption Grove UI2L 

Tuberculum Dentale UI1R 

Tuberculum Dentale UI1L 

3/15 (20.0%) 

3/14 (21.5%) 

3/15 (20.0%) 

2/12 (16.7%) 

3/15 (20.0%) 

10/84 (12.0%) 

15/84 (12.0%) 

10/84 (12.0%) 

12/85 (14.2%) 

12/72 (16.7%) 

13/30 (43.4%) 

10/31 (32.3%) 

13/30 (43.4%) 

5/35 (14.3%) 

4/31 (13.0%) 

Tuberculum Dentale UI2R 

Tuberculum Dentale UI2L 

Tuberculum Dentale UCR 

Tuberculum Dentale UCL 

0/13 (0.0%) 

0/15 (0.0%) 

1/22 (4.6%)  

0/17 (0.0%) 

2/83 (2.5%) 

1/83 (1.3%) 

5/99 (5.1%) 

4/88 (4.6%) 

8/32 (25.0%) 

4/31 (13.0%) 

5/41 (12.2%) 

4/39 (10.3%) 

Canine Mesial Ridge UCR 

Canine Mesial Ridge UCL  

Canine Distal Accessory Ridge UCR  

Canine Distal Accessory Ridge UCL 

Premolar m & d Cusps UP1R 

Premolar m & d Cusps UP1L 

Premolar m & d Cusps UP2R 

0/21 (0.0%) 

0/16 (0.0%) 

1/21 (4.8%) 

1/16 (6.3%) 

0/20 (0.0%) 

0/23 (0.0%) 

0/20 (0.0%) 

1/92 (1.1%) 

0/84 (0.0%) 

5/93 (5.4%) 

5/84 (6.0%) 

0/106 (0.0%) 

0/91 (0.0%) 

0/100 (0.0%) 

4/36 (11.2%) 

2/33 (6.1%) 

2/36 (5.6%) 

3/32 (9.4%) 

0/42 (0.0%) 

0/42 (0.0%) 

0/39 (0.0%) 
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Premolar m & d Cusps UP1L 

Hypocone UM1R 

Hypocone UM1L 

Hypocone UM2R 

Hypocone UM2L 

Hypocone UM3R 

Hypocone UM3L 

Cusp 5 UM1R 

Cusp 5 UM1L 

0/19 (0.0%) 

0/20 (0.0%) 

0/18 (0.0%) 

6/23 (26.1%) 

6/25 (24.0%) 

6/16 (37.5%) 

8/18 (44.5%) 

0/19 (0.0%) 

0/17 (0.0%) 

0/90 (0.0%) 

1/101 (1.0%) 

0/88 (0.0%) 

28/105 (26.7%) 

23/99 (23.3%) 

29/74 (39.2%) 

28/62 (45.2%) 

10/101 (10.0%) 

7/88 (8.0%) 

0/39 (0.0%) 

0/31 (0.0%) 

0/28 (0.0%) 

11/33 (33.4%) 

11/35 (31.5%) 

8/22 (36.4%) 

6/20 (30.0%) 

2/31 (6.5%) 

4/27 (14.9%) 

Cusp 5 UM2R 

Cusp 5 UM2L 

Cusp 5 UM3R 

Cusp 5 UM3L 

Carabelli Cusp UM1R 

Carabelli Cusp UM1L 

2/23 (8.7%) 

1/25 (4.0%) 

3/17 (17.7%) 

6/19 (31.6%) 

1/20 (5.0%) 

0/18 (0.0%) 

8/105 (7.7%) 

6/99 (6.1%) 

10/75 (13.4%) 

10/63 (15.9%) 

10/98 (10.3%) 

7/87 (8.1%) 

0/34 (0.0%) 

4/35 (11.5%) 

3/22 (13.7%) 

2/20 (10.0%) 

0/30 (0.0%) 

0/27 (0.0%) 

Parastyle UM1R 

Parastyle UM1L 

Parastyle UM2R 

Parastyle UM2L 

Parastyle UM3R 

Parastyle UM3L 

Premolar Lingual Cusp LP1R 

Premolar Lingual Cusp LP2L 

0/19 (0.0%) 

0/18 (0.0%) 

1/23 (4.4%) 

1/24 (4.2%) 

0/17 (0.0%) 

1/19 (5.3%) 

1/30 (3.4%) 

3/30 (10%) 

0/101 (0.0%) 

0/89 (0.0%) 

0/105 (0.0%) 

0/98 (0.0%) 

3/75 (4.0%) 

3/62 (4.9%) 

2/96 (2.1%) 

2/90 (2.3%) 

3/29 (10.4%) 

2/27 (7.5%) 

1/33 (3.1%) 

1/37 (2.8%) 

1/21 (4.8%) 

1/21 (4.8%) 

4/49 (8.2%) 

4/51 (7.9%) 

Premolar Lingual Cusp LP2R 

Premolar Lingual Cusp LP2L 

Anterior Fovea LM1L 

Anterior Fovea LM1R 

6/28 (21.5%) 

5/26 (19.3%) 

1/21 (4.8%) 

1/23 (4.4%) 

13/103 (12.7%) 

15/103 (14.6%) 

7/89 (7.9%) 

7/84 (8.4%) 

3/48 (6.3%) 

4/48 (8.4%) 

1/35 (2.9%) 

2/37 (5.5%) 

Groove Y LM1R 

Groove Y LM1L 

Groove Y LM2R 

Groove Y LM2L 

24/25(96.0%) 

21/25 (84%) 

5/28 (17.9%) 

8/26 (30.8%) 

88/109 (80.8%) 

91/114 (79.9%) 

32/91 (35.2%) 

30/101 (29.8%) 

16/39 (41.1%) 

14/40 (35.0%) 

6/28 (21.5%) 

11/42 (26.2%) 

Cusp 7 LM1R 

Deflecting Wrinkle LM1L 

Deflecting Wrinkle LM1R 

Distal Trigonid Crest LM1L 

Protostylid LM1L 

Protostylid LM1R 

Protostylid LM2L 

Protostylid LM2R 

Protostylid LM3L 

Protostylid LM3R 

Cusp 5 LM1L 

Cusp 5 LM1R 

Cusp 5 LM2L 

Cusp 5 LM2R 

Cusp 5 LM3L 

Cusp 5 LM3R 

Cusp 6 LM1L 

Cusp 6 LM1R 

Cusp 6 LM2L 

Cusp 6 LM2R 

Cusp 6 LM3L 

Cusp 6 LM3R 

0/24 (0.0%) 

0/22 (0.0%) 

0/23 (0.0%) 

0/22 (0.0%) 

0/22 (0.0%) 

0/24 (0.0%) 

0/32 (0.0%) 

1/30 (3.4%) 

0/18 (0.0%) 

1/21 (4.8%) 

17/21 (81.0%) 

21/24 (87.5%) 

2/32 (6.3%) 

3/29 (10.4%) 

6/18 (33.4%) 

8/22 (36.4%) 

0/21 (0.0%) 

0/24 (0.0%) 

0/32 (0.0%) 

0/29 (0.0%) 

0/17 (0.0%) 

1/21 (4.8%) 

7/93 (7.6%) 

0/94 (0.0%) 

0/90 (0.0%) 

0/94 (0.0%) 

1/97 (1.1%) 

1/92 (1.1%) 

1/105 (0.95%) 

1/106 (0.94%) 

3/81 (3.8%) 

1/77 (1.3%) 

68/98 (69.4%) 

69/91 (75.9%) 

10/106 (9.5%) 

7/108 (6.5%) 

22/81 (27.2%) 

26/79 (33.0%) 

1/98 (1.1%) 

2/92 (2.2%) 

1/106 (0.94%) 

1/108 (0.92%) 

2/81 (2.5%) 

3/79 (3.8%) 

1/37 (2.8%) 

0/36 (0.0%) 

1/35 (2.9%) 

0/36 (0.0%) 

1/37 (2.8%) 

1/34 (3.0%) 

0/44 (0.0%) 

0/47 (0.0%) 

3/38 (7.9%) 

1/34 (3.0%) 

21/38 (55.3%) 

19/36 (52.8%) 

0/45 (0.0%) 

3/48 (6.3%) 

7/39 (18.0%) 

6/36 (16.7%) 

0/40 (0.0%) 

0/36 (0.0%) 

0/45 (0.0%) 

0/48 (0.0%) 

1/39 (2.6%) 

3/36 (8.4%) 
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Cusp 7 LM1L 

Cusp 7 LM1R 

Cusp 7 LM2L 

Cusp 7 LM2R 

Cusp 7 LM3L 

Cusp 7 LM3R 

Enamel extension UM1L 

Enamel extension UM3R 

Enamel extension UM2L 

Enamel extension UM2R 

1/21 (4.8%) 

0/24 (0.0%) 

0/32 (0.0%) 

0/29 (0.0%) 

0/17 (0.0%) 

0/21 (0.0%) 

0/23 (0.0%) 

2/26 (7.7%) 

8/33 (24.3%) 

6/33 (18.2%) 

3/98 (3.1%) 

7/93 (7.6%) 

0/106 (0.0%) 

0/108 (0.0%) 

2/82 (2.5%) 

1/79 (1.3%) 

2/96 (2.1%) 

1/90 (1.2%) 

1/103 (0.97%) 

3/105 (2.9%) 

0/38 (0.0%) 

1/37 (2.8%) 

0/45 (0.0%) 

0/48 (0.0%) 

0/40 (0.0%) 

0/36 (0.0%) 

0/39 (0.0%) 

0/38 (0.0%) 

0/44 (0.0%) 

0/48 (0.0%) 

Enamel extension UM3L 

Enamel extension UM3R 

3/17 (17.7%) 

1/21 (4.8%) 

0/79 (0.0%) 

0/77 (0.0%) 

0/39 (0.0%) 

0/35 (0.0%) 
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Appendix E– Grave Goods Identified at Rue Jacques Brel Necropolis 

(JBR)* 

Grave 

Sex 

(M/F) Age 

Potter

y Coins Nails Shoes Glass Metal Other 

“Other” 

items 

8 F 20+ 3               

12 I 5-9 7               

13 I I           1     

14 M 25+ 2         1     

16 F 20-25           1     

17 I 1-4 6 1 7 1         

18 F 30+ 3   297 1   1     

19 F 25+ 3   12 1   1     

20 I 1-4 6               

21 M 30+ 1               

26 I 5-9 1               

30 I I 2 1 14 1         

35 M 30+ 1               

38 I 0-1 6         2     

39 I I 2         1     

40 F 30+   1         1 

game 

token 

41 I 5-9 8   96 1 1       

42 I I 4   40 1         

43 I I 2               

45 F 25+ 3 1 125 1   4     

46 M 30+ 2 1             

48 I 1-4 6 1 5 1         

49 I 1-4 4               

50 I I 2               

51 I I 2               

52 I 1-4 6               

54 F 30+   1 135 1         

56 F 30+     110 1         

57 I 15-19 2           1 

bone 

needle 

58 I 5-9 4   90 1   1     

62 F 30+   7 

234/ 

90 2   3 2 intaglio 

63 M 20-25     20 1   1     

64 F 30+ 8   160 2         

67 M 30+ 1   156 1         

68 F 20+ 1   15 1         

69 F 30+     45 1         

70 I 1-4 2         1     
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71 I 10-14     28 1         

73 F 20+           3     

76 M 20+ 3   170 1   1     

77 F 20+     73 1         

78 I 20+ 5   35 1         

80 F 30+     1     1     

82 M 25-30 2   384 1         

83 I 5-9           1     

84 M 30+           1     

87 I 20+ 4   1 1 1 1     

89 I 20+ 1               

90 M 30+ 7               

92 I 5-9 1               

94 I 20+ 1               

96 I I 1               

97 I 1-4   2       1     

98 F 30+     41 1         

101 F 30+ 5               

103 F 20+ 3   112 1         

105 M 30+     71 1         

108 I 5-9 1   36 1         

109 I 15-19   4 

234/ 

90  2   1     

110 F 30+ 2               

112 M 30+ 7 3 2 1 1 6 3 3 eggs 

114 M 20+     160 1         

115 M 20-25 3         2     

116 M 30+ 3   117 1         

117 M 30+       1         

119 I 5-9     98 1         

120 I 1-4 3               

121 I 0-1 1               

122 M 20+     70 1   1     

123 I I 2   1           

124 I I 6   168 2         

125 I 0-1 1               

126 M 25+       1         

128 M 30+ 1   150 1         

*only graves with specified grave goods present have been listed here. Data on grave goods was 

compiled from Baigl et al. (1997). Individuals identified as non-local based on isotopic analyses 

(18O, 87Sr/86Sr) are highlighted in yellow. M= male, F= female, I= indeterminate. All ages are in 

years. 
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Appendix F– Annual 18Odw Averages of Precipitation Derived from 

GNIP Data 

 

Country GNIP Station    18O   

Algeria Algiers (CN)  -3.2‰    

  Ouargla  -4.2‰ 

  Assekrem  -3.0‰    

  Beni-Abbes  -0.08‰ 

 

Austria  Vienna   -9.7‰    

  Petzenkirchen  -9.7‰    

  Podersdorf  -9.1‰    

  Villacher Alpe  -11.1‰   

  Klagenfurt Flugplatz -10.5‰   

  Graz Universitat -9.9‰  

 

Belarus Brest   -9.6‰   

  Minsk   -10.7‰ 

 

Cyprus  Halefka  -5.4‰ 

  Nicosia  -4.6‰ 

 

Denmark Taastrup  -10.1‰ 

 

Egypt  Sidi Barrani  -3.3‰    

  Marsa-Matruh  -3.6‰    

  Alexandria  -3.5‰    

  Rafah   -3.5‰    

  El-Arish  -3.2‰    

  Cairo   -2.9‰  

 

Estonia Tartu   -10.9‰ 

  Vilsandi  -9.8‰  

 

Finland Rovaniemi  -14.0‰  

  Espoo   -11.7‰ 

  Kuopio  -13.8‰ 

 

France  Brest Plouzane -4.8‰    

  Orleans la Source -6.1‰    

  Thonon les Bains -9.3‰    

  Cestas-Pierroton -5.7‰    
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  Draix   -7.9‰     

  Dax   -4.8‰    

  Campistrous  -6.8‰    

  Montpellier   -4.0‰    

  Avignon  -5.4‰    

  Carpentras  -4.7‰    

  Gardanne  -4.5‰    

  Malaussene  -5.4‰    

  Ponte Leccia  -6.6‰     

  Toulousse  -6.4‰ 

  Le Mas*  -6.3‰ 

  Villars*  -6.2‰ 

  Orgnac *  -6.6‰   

 

Germany Cuxhaven  -6.9‰    

  Bad Salzuflen  -7.8‰    

  Braunschweig  -7.2‰    

  Berlin   -7.9‰    

  Emmerich  -7.1‰    

  Leipzig  -8.6‰    

  Koblenz  -7.0‰    

  Wasserkuppe Rhoen -9.5‰    

  Trier   -7.2‰    

  Würzburg  -8.1‰    

  Hof-Hohensaas -8.8‰    

  Karlsruhe  -7.9‰    

  Stuttgart (Cannstatt) -8.1‰    

  Regensburg  -9.3‰    

  Neuheberg  -10.2‰   

 Feldberg-Schwarz. -9.4‰    

  Weil am Rhein -8.3‰    

  Konstanz  -9.8‰    

  Hohenpeissenberg -11.6‰   

 Garmisch-P.kirch. -11.1‰  

 

Greece  Thessaloniki  -6.0‰  

  Alexandropolis -6.3‰ 

  Heraklion  -5.2‰ 

  Patras   -5.0‰ 

  Rhodes  -4.6‰ 

  Athens   -5.3‰ 

 

Israel  Beer Sheva  -5.0‰ 

  Bet Dagan  -4.3‰ 
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  Har Kna’an  -6.3‰ 

 

Italy  Tiber River   -7.3‰   

 

Jordan  Amman  -5.4‰ 

  Irbid   -5.9‰ 

 

Latvia  Riga   -9.5‰  

 

Lebanon ‘Aramtá  -6.8‰ 

  Bekaa   -6.7‰ 

  Beirut   -4.6‰ 

  Bhamdoun  -7.4‰ 

  Tripoli   -6.0‰ 

  Tyr   -5.5‰ 

  Yohmor  -5.2‰ 

 

Monaco Monaco  -3.2‰    

 

Morocco Bab Bou Idir  -7.3‰    

  Rabat-Cnesten  -4.2‰    

  Fes Sais  -4.2‰    

  Beni Mellal  -5.1‰  

 

Poland  Krakow  -9.7‰ 

 

Portugal Faro   -4.0‰ 

  Porto   -4.2‰   

 

Romania  Ramnicu Valcea -8.0‰  

 

Russia  Moscow  -11.6‰ 

  Murmansk  -12.8‰ 

  St. Petersburg  -11.4‰ 

 

Slovenia Ljubljana  -8.7‰    

  Portoroz  -6.4‰    

  Kozina   -7.2‰   

 

Spain  Valencia  -4.4‰ 

  Zaragoza  -5.9‰ 

  Barcelona  -4.6‰ 

  Leon   -8.0‰ 

  Murcia   -4.4‰ 
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  Madrid   -6.4‰ 

  Seville   -4.3‰ 

  Barcelona  -4.1‰ 

  Valladolid  -7.2‰  

 

Switzerland Guttannen  -12.4‰   

  Meiringen  -11.3‰   

  Locarno  -8.7‰  

 

Syria  Palmyra  -3.3‰ 

  Damascus  -6.4‰ 

  Idleb   -6.6‰ 

  Raqqa   -6.3‰ 

 

Tunisia Tunis (Carthage) -3.7‰    

  Le Kef   -6.4‰    

  Sfax   -3.6‰    

  Nefta   -1.0‰  

 

Turkey  Edirne   -7.3‰ 

  Izmir   -4.8‰ 

  Adana   -4.6‰ 

  Diyarbakir  -6.0‰ 

  Ankara   -7.5‰ 

  Erzurum  -7.8‰ 

 

 

*values derived from Labhun (2014). 


