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Abstract  

This study investigated the ancestry, childhood residency and diet of 22 individuals buried at 

an A.D. 2
nd

 and 4
th

 century cemetery at Lant Street, in the southern burial area of Roman 

London.   The possible presence of migrants was investigated using macromorphoscopics to 

assess ancestry, carbon and nitrogen isotopes to study diet, and oxygen isotopes to examine 

migration. Diets were found to be primarily C3-based with limited input of aquatic resources, 

in contrast to some other populations in Roman Britain and proximity to the River Thames. 

The skeletal morphology showed the likely African ancestry of four individuals, and Asian 

ancestry of two individuals, with oxygen isotopes indicating a circum-Mediterranean origin 

for five individuals. Our data suggests that the population of the southern suburb had an 

ongoing connection with immigrants, especially those from the southern Mediterranean. 

 

Highlights 

 First application of macromorphoscopics to determine ancestry in Roman Britain 

 Isotopic and morphological evidence point to connections with the southern 

Mediterranean 

 This is the first identification of people with African and Asian ancestry in Roman 

London 
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1.0 Introduction 

The expansion of the Roman Empire across most of western Europe and the Mediterranean, 

led to the assimilation and movement of many ethnically and geographically diverse 

communities.  Its power and wealth meant that it also had trade connections for raw materials 

and products (i.e. silk) throughout Europe, Africa and also to the east, including India and 

China (Young, 2001, Elton, 1996, Scheidel, 2010, Thorley, 1969). 

 These connections are attested historically but also through their material culture and 

the physical remains of the people. Many people travelled, often vast distances, for trade or 

because of their occupation (e.g., military) or social status (e.g., enslaved). For many years, 

scholars have relied on written evidence and material culture, such as dress accessories, to 

examine free and enslaved population mobility. Taken as a whole, these sources are biased 

towards Mediterranean communities, free status groups, and inorganic materials such as 

metalwork (Eckardt, et al., 2010, George, 2012). More recently, skeletal and stable isotope 

methods have been applied to investigate human migration in Roman Britain, and have 

revealed a diverse population primarily drawn from northwest provinces and Mediterranean 

(Chenery, et al., 2010a, Eckardt, 2010, Müldner, et al., 2011a).  When these data are 

combined with artefactual and funerary studies, the work of Eckardt and colleagues has 

shown that identity was carefully constructed in this period, reflecting familial or ancestral 

connections (Eckardt, et al., 2009), status (Leach, et al., 2010a) and occupation (Eckardt, et 

al., 2015).  Crucially, these findings has provided bioarchaeological data to support research 

in ancient history and classics about perceptions of the body, ethnicity and race which have 

proven, unlike in other times in the past, differences did not prevent people from being 

economically and socially mobile (McCosky, 2012); although proto-racism is attested in 

many of the primary sources (Isaac, 2006).  

 Previous studies on population diversity in Roman Britain by Leach and colleagues 

(2009a) assessed skeletal ancestry using FORDISC, a forensic method based on metrical data 

that relies on individuals having a complete or partially complete skull.  As with other 

forensic methods seeking to establish an individual’s identity, the extent to which it can be 

applied to archaeological populations has been questioned (Elliot and Collard, 2009, 

Guymarc'h and Bruzek, 2011, L'Engle Williams, et al., 2005).  Nevertheless, it has shown to 

be a valuable contributor to understanding ancestry in Roman Britain when combined with 

isotope and aDNA studies (Martiniano and Veldink, 2016). 

 In many archaeological collections, individuals lack the requisite completeness and 

degree of preservation necessary in use measure-based methods.  This is true of London, a 
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city which has been continually occupied since the A.D. 1
st
 century and where many Roman 

burials are truncated or poorly preserved (see, Barber and Bowsher, 2000).  In this study, our 

aim was to investigate the southern settlement of Londinium (Fig. 1) an area which, since the 

foundation of the settlement in A.D. 48, is believed to have been inhabited by a less 

prosperous but diverse community of people (Wallace, 2015, Cowan, et al., 2009).  The study 

employed a method devised by one of the authors, macromorphoscopics, an approach which 

hitherto, has not been used to assess ancestry in Romano-British populations and to combine 

it with stable isotope data about diet and childhood residency.         

 

1.1 Roman London (Londinium) 

Londinium was established c. A.D. 48 on two hills divided by the Walbrook Stream, a 

tributary of the River Thames, and the settlement was more civilian than military in nature; 

however, the precise origins of the settlement remain contested (Wallace, 2015, Hill and 

Rowsome, 2011, Wheeler, 1928, Perring, 2015, Tomlin, 2006) (Fig. 1). Although the main 

settlement was on the north bank of the Thames, habitation also developed on the south bank, 

as both locations connected land, river and sea traffic (Brigham, 1996). There was a bridge 

between the settlements at the lowest bridgeable point, close to modern London Bridge 

(Rowsome, 1996).  The archaeology of Roman London can be divided into five phases and is 

summarised in Table 1.  The cemeteries of Londinium have been divided into four areas 

named after the points of the compass but also the main roads out of the settlement (Hall 

1996).  These cemeteries contained inhumations and cremations, the majority of individuals 

were inhumed many without grave-goods, although high status burials containing exotic 

items and materials held in lead coffins and sarcophagi are attested if very rare (Hall 1996).   

 A wealth of inscription evidence provides information about people and their lives. 

These include serving and retired members of the army (e.g. RIB 15), a merchant from 

Antioch (Turkey, RIB 29) and another born in Athens (Greece, RIB 9). Two items illustrate 

the mercantile nature of the settlement. Firstly, an incomplete inscription by Tiberinius 

Celerianus dating to the A.D. 160s identifies him as a moritix, a Celtic word meaning 

seafarer (Tomlin and Hassall, 2003). This Roman citizen, originally from northern France, 

may have been the representative of a group of Gallic commercial travellers (Dondin-Payre 

and Loriot, 2008). These support other archaeological evidence showing that the settlement’s 

association with the army and government attracted merchants, veterans and indigenous 

Britons. Connections other areas of the Empire are also attested with the presence of 

imported material culture and foodstuffs, as well as other evidence, including funerary 
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inscription for Tullia Numidia (RIB 23), her name but not necessary the person, indicating a 

link to the region of Numidia (in modern Algeria and Tunisia) (Wheeler, 1928).  

 Mobility data from earlier studies of Londinium suggests the presence of people born 

locally or within Britain, as well as migrants from the near Continent but no individuals from 

southern regions of the Mediterranean, particularly north Africa (Shaw, et al., 2016, 

Montgomery, et al., 2010). Eckardt et al. (2010), (Müldner, 2013) and Pollard et al. (2011a) 

suggest that dietary isotopes can also indicate mobility, as millet and other C4 plants were 

rare in Roman Britain (Cool, 2006, van der Veen, et al., 2008). One person with this dietary 

signature has been found in London (L. Bell, pers. comm 2013), suggesting migration from 

Italy or another part of the Empire where millet was regularly consumed (Spurr, 1983).  

 

 

 

1.1.1 Roman Southwark  

Southwark lies south of the River Thames and is characterised by low-lying land with 

numerous small islands, which environmental evidence shows was a marshy fen-type of 

landscape that was actively managed through reclamation and control of the river channels 

and rivers (Cowan, et al., 2009).  From the beginning of Londinium, Southwark was different 

to the settlement on the northern bank in terms of material culture and planning.  Wallace 

(2015) suggests that this reflects different communities in the pre-Boudican period (A.D. 48-

61), with those on the northern bank being more prosperous and anchored in the socio-

economic and political life of the Empire, such as merchants and elite citizens from or 

connected to Gaul, Germany and Spain.  Whereas, south of the river, she proposes this is 

where the non-citizens and the less affluent lived (Wallace, 2015).  However, because this 

area of Londinium was sacked during the Boudican rebellion, it suggests that it was 

sufficiently occupied to warrant destruction (Cowan, et al., 2009).  During the A.D. 1
st
 and 

2
nd

 centuries there is evidence for increasing wealth and importance, with the presence of 

landing-places, government buildings, industrial working, a temple and a market; military 

equipment has also been recovered suggesting that troops were located on both sides of the 

river (Cowan, et al., 2009).  In the early A.D. 3
rd

 century, the settlement remained prosperous 

as evidenced in the presence of imported goods, high status buildings, and imported 

foodstuffs, such as dates and peppercorns (Cowan, et al., 2009).  By the late A.D. 3
rd

 century 

and into the 4
th

, the area goes into decline: buildings are abandoned, burials are placed in 

previously occupied areas, and portions of land become flooded (Cowan, et al., 2009).   



 - 6 - 

 

2.0 Materials and Methods 

2.1 The Lant Street site 

Excavations in 2002 at Lant Street, in the London Borough of Southwark, revealed 84 

inhumation and two cremation burials of AD 2
nd

 to 4
th

 century date. The site lies within the 

southern suburbs of Londinium and was excavated as an open area (Fig. 1). A burial area was 

established in the AD 2
nd

 century towards the northern area of site; burials here 

predominantly followed north–south or west–east alignments.  A hiatus in activity during the 

AD 3
rd

 century is indicated by the development of a soil horizon. Burials recommenced in the 

AD 4
th

 century, with a shift in the focus of burial southwards. The cemetery appears well-

ordered and a general lack of intercutting suggests that the graves were marked; they are 

assumed to have formed part of a larger cemetery, of unknown extent. Less than half the 

burials were furnished with grave goods, including accessory vessels in pottery and glass, 

hobnail boots and offerings of domestic fowl.  

 

2.2 Bioarchaeology 

The individuals in this study were recorded using the Wellcome Osteological Research 

Database (WORD) (Powers, 2012).  Age-at-death was determined in subadults (≤ 18 years 

old) using dental eruption and development, long-bone length, and epiphyseal fusion 

(Scheuer and Black, 2000). In adults (≥ 18 years old), dental wear (Brothwell, 1981), 

degenerative changes at the sternal rib end (İsçan and Loth, 1986a, İsçan and Loth, 1986b), 

auricular surface and pubic symphyseal face (Brooks and Suchey, 1990, Lovejoy, et al., 

1985) were employed.  In adults, sex estimation was limited was based on morphological 

differences in the skull and pelvis (Buikstra and Ubelaker, 1994).  The sex estimation of two 

adolescent individuals included in this study has been reported by Arthur et al. (2016) in her 

morphological study and for one of these individuals, their chromosomal sex was determined 

using aDNA and is reported by Eaton et al. (2015). 

 The assessment of an individual’s ancestry, in both forensic and archaeological cases, 

is not always clear-cut, whether metrical, statistical or morphological techniques are applied 

singly or jointly to cranial and/or post-cranial bones (e.g., Leach, et al., 2009b, Kallenberger 

and Pilbrow, 2012, Kemkes, 2007). Ideally all three techniques should be applied, but human 

remains from Londinium have been subject to a high degree of truncation, fragmentation and 

incompleteness (Fig. 2). As only a few of the individuals selected for stable isotope analysis 

had a complete skeleton and/or an intact skull, it was not possible to use post-cranial 
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techniques (e.g., Holliday and Falsetti, 1999, Church, 1995) and metrical methods such as 

CRANID (Wright, 2008) or FORDISC (Jantz and Ousley, 2005). Therefore, reliance was 

placed on slight variations in skull morphology which may be used to establish population 

affinity (Ousley, et al., 2009).  For 17 individuals (Table 2), it was possible to use 

macromorphoscopic trait analysis, an observational forensic method utilizing scores for 

morphological traits of the cranium, which are reflected as soft-tissue differences in the living 

(Hefner, et al., 2012).  

To evaluate individual trait manifestations and to estimate ancestry for this sample 

using the macromorphoscopic traits, a canonical (discriminant) analysis of the principal 

coordinates (CAP) method is used. Legendre and Legendre (1998) proposed a canonical 

discriminant analysis performed on the transformed values of the principal coordinates. 

Anderson and Willis (2003) further refined the method and outlined the CAP method  using 

multiple similarity/dissimilarity measures. Hefner and Ousley (2014) demonstrated the 

effectiveness of the CAP method in forensic casework for the estimation of ancestry using 

macromorphoscopic trait data. In short, a CAP analysis applies a principal coordinate 

analysis using any one of several distance measures (Anderson and Willis, 2003) to transform 

categorical variables, such as macromorphoscopic traits, into continuous, normally 

distributed variables useful for a canonical analysis. In that way, the CAP method is highly 

effective for dealing with macromorphoscopic data and enables classification and 

visualization of the groups in a manner approximating craniometric analyses (Hefner, 2016).  

To most effectively apply the CAP method, appropriate reference data were obtained 

from the Macromorphoscopic Databank (MaMD), a database created using a grant from the 

United States, National Institute of Justice.  Currently, the MaMD comprises 

macromorphoscopic data for over 2600 individuals from populations around the world. For 

this analysis, macromorphoscopic trait data for the following populations (ancestry groups) 

were included in all analyses: African (AD 19
th

 century East and West Africans); Asian (AD 

19
th

 century Chinese and Japanese); and, European (AD 19
th

 century German, Holland, and 

American White).  

Truncation, fragmentation and incompleteness of the Londinium sample results in 

some missing data and necessitates individual CAPs using the available macromorphoscopic 

trait scores. Within the Londinium sample, 41 percent had two or less traits, 35 percent had 3 

to 10 traits, and 24 percent had 11 or more traits (up to the maximum, 16) available for 

analysis. This degree of missing data can affect classification accuracies, particularly among 
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the sample having two or less traits. When insufficient data are available, ancestry 

estimations remain “indeterminate”.   

 Some dental morphology variations were also scored, as authors suggest they are 

useful to explore population affinity (Brunelle, et al., 1996, Edgar, 2005): diastema, talon 

cusp, incisor shovelling and molar cusp number, as described and defined by Hillson (2005) 

and Irish and Nelson (2008).   

 We recognise that this is a subjective approach (amongst others, Brace, 1995) and that 

many of the individuals used to generate these methods derive from modern populations 

outside of the territories that formed the Roman Empire (e.g., the Terry Collection (Hunt and 

Albanese, 2005)). The method development was particularly lacking in north African and 

southern Mediterranean populations, whose DNA shows a greater degree of genetic diversity 

compared to sub-Saharan and more northern ones (Botigué, et al., 2013, Skorecki and Behar, 

2013). Therefore, the results must be understood in their temporal and spatial context, and the 

biases introduced by the methods acknowledged (see Konigsberg, et al., 2009, Ubelaker, et 

al., 2002). The population affiliation divisions used here may disguise or fail to find many 

affiliations because they are subjective, and morphology varies between individuals and over 

time. These affiliations also reflect contemporary divisions rather than Roman, and do not 

correspond to Roman notions of ethnicity or identity, because these are social rather than 

morphological constructs (Gowland and Thompson, 2013). 

 

2.3 Isotope analysis 

Carbon (δ
13

C) and nitrogen (δ
15

N) isotope ratios are informative about the diet of past people. 

Bone collagen δ
13

C varies with three main dietary sources, marine foods (yielding collagen 

δ
13

Ccol values near -12 ‰), terrestrial food-chains based on plants utilising the C3 

photosynthetic pathway (δ
13

Ccol values near -20 ‰) and a smaller group of terrestrial foods 

from food-chains based on tropical grasses (e.g., millet, maize, sorghum) utilising the C4 

photosynthetic pathway (δ
13

Ccol values near -7 ‰) (Brown and Brown, 2011, Lee-Thorp, 

2008). In a British context C4 plants were not cultivated until the post-medieval period, so 

δ
13

C variations are dominantly used to distinguish between marine and terrestrial food 

sources (Pollard and Heron, 2008). Within the wider context of the Roman empire there is 

also the potential for millet and sorghum to contribute to the diet so that migrants to Roman 

Britain may exhibit high carbon isotope ratios (e.g., at Gravesend, see Pollard et al. (2011a)), 

but it is unlikely there were sufficient imports of millet to make a measurable difference to 

the isotopic composition of the bones of those who resided solely in Roman Britain. Within 
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terrestrial diets, increasing δ
15

N values distinguish protein sourced from plants, meat or 

freshwater fish, while marine foods tend to elevate δ
15

N collagen values (Brown and Brown, 

2011, Lee-Thorp, 2008). 

 Due to funding constraints, we focused on oxygen isotopes (and not strontium) to 

investigate mobility. Variations in δ
18

O in human tooth enamel are primarily a reflection of 

variations in the composition of water in the childhood diet (Daux, et al., 2008). In the past, 

drinking water and other dietary water in foodstuffs would have derived primarily from local 

water sources. The δ
18

O of groundwater and precipitation depends on factors such as 

temperature and altitude, but the geographical patterns have changed very little over the last 

10,000 years and have been extensively mapped (Darling, 2004, Darling, et al., 2003, Darling 

and Talbot, 2003, Bowen and Revenaugh, 2003). Thus, it is possible to correlate 

measurements on archaeological remains with the modern maps. However, the δ
18

O of the 

phosphate of tooth enamel is systematically altered from dietary water by metabolic 

processes, and a calibration is required to convert to drinking water δ
18

O (Daux, et al., 2008), 

which introduces uncertainty in the reconstructed drinking water values (Pollard, et al., 

2011b). Other processes can also alter human δ
18

O.  Humans can also elevate the δ
18

O value 

of their drinking water by processes such as boiling and brewing (Brettell, et al., 2012), and 

this must be allowed for in interpretation (for a full discussion of these issues see, Lightfoot 

and O’Connell, 2016). 

 Twenty two individuals were sampled (Table 3), 19 bone samples for carbon and 

nitrogen, and 20 teeth for oxygen isotope analysis. All the teeth were second premolars 

(PM2), second molars (M2) or third molars (M3), with one canine from BL18: the only tooth 

that might represent a suckling affect. 

 For oxygen isotope analysis each tooth was sectioned using a flexible diamond 

impregnated cutting disc, dentine was then removed using a tungsten carbide dental burr, and 

the crown and cut surfaces of the enamel were abraded to a depth of ~100m, to yield core 

enamel for oxygen isotope analysis.  

 Samples of enamel were prepared using a slightly modified version of the method of 

Dettmann et al. (2001) as fully described in Mitchell and Millard (2009). Enamel was 

dissolved in HF to precipitate calcium as CaF2. The solution brought near to neutral pH and 

AgNO3 was added to precipitate fine-grained silver phosphate (Ag3PO4). Measurements were 

conducted on freeze-dried silver phosphate in the Stable-Isotope Biogeochemistry Laboratory 

at Durham University using a Thermo TCEA coupled to a ThermoFinnigan Delta V 
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Advantage via a Conflo III interface. Measurements were drift corrected and expressed on a 

VSMOW scale by normalising to δ
18

O of +23.3 ‰ for IAEA 601. The international standards 

used as controls and isotopic correction were IAEA 600, 601, and 602. Replicate 

measurements on NBS 120C prepared with the samples yielded a value of 21.96 ± 0.29 ‰ 

(1σ, n=6), which is within error of the accepted value of 21.7 ‰ (summarized in Chenery et 

al., 2010b). Drinking water values (δ
18

ODW) were derived from phosphate (δ
18

OP) values 

using equation 6 in Daux et al. (2008). 

 For carbon and nitrogen isotope analysis samples of rib between 100 and 130 mg 

were taken, and processed following a modified Longin (1971) method as fully described in 

Smits et al. (2010). Samples were demineralised in 0.5 M HCl in a refrigerator, collagen was 

solubilised by gelatinisation at pH 4 and 75C, and purified by ultrafiltration with a 

30,000 Da cut-off (Brown et al., 1988). The purified gelatin was lyophilised and triplicate 

stable isotope measurements were performed using a Costech ECS 4010 coupled with Delta 

V Advantage via a Conflo III interface. Measurements on standard materials (IAEA 600, 

IAEA N1, N2, USGS 24, 40, and IAEA CH6) in the same batch as the samples yielded 

standard deviations of <0.1 ‰ for δ
13

C, and 0.15 ‰ for δ
15

N. The technical error of 

measurement from the triplicate samples was 0.12 ‰ for δ
13

C, 0.16 ‰ for δ
15

N and 0.05 on 

the C:N ratio. 

 All statistical analyses were conducted in PAST (Hammer et al., 2001), and as there is 

no reason to expect isotope values to follow any particular statistical distribution, 

comparisons have been made using the non-parametric Kolmogorov-Smirnov test. 

 

3.0 Results 

3.1 Bioarchaeology 

Twenty-two individuals were included in the present study, 16 were over 18 years old (seven 

male and nine female) and six were subadults (≤ 18 years old); the two adolescents who 

could be sexed one of whom was determined to be female by both methods (BL15) and 

another as intermediate sex (BL49) (Table 3). A range of dental variations were observed: the 

14 year old subadult (BL15) displayed the dental anomaly known as a talon cusp (Seehra and 

Coutts, 2012), a rare trait which has been identified in many archaeological populations 

across the world (amongst others, Halcrow and Tayles, 2010, Stojanowski and Johnson, 

2011). An 18-25 year old male with an Asian affiliation (BL3) had a diastema between his 
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first maxillary incisors, and a 15 year old with an indeterminate affiliation (BL45) had six and 

eight molar cusps present, in addition to maxillary incisor shovelling. 

 Each CAP analysis used the chi-square distance measure, since Hefner (2016) 

previously identified this measure as the most appropriate for macromorphoscopic trait data. 

The first m-axes were used in each analysis, where m is the number of principal coordinate 

axes maximising the classification of the reference samples using the CAP model. The results 

of the CAP analysis suggest a moderate degree of population variability for the Londinium 

sample. Due to missing data or an inadequate number of observable traits, ancestry for 29% 

of the sample could not be estimated. Of those with observable trait scores, 28% classified 

closest to the European sample (one possible European, four definitive), 24% classified 

closest to the African sample, and 16% classified closest to the Asian sample (one possible 

Asian, two probable Asians). The distribution of the posterior and typicality probabilities for 

each ancestry classification (with the exception of the two ‘possible’ individuals) suggests a 

relatively robust model used for each classification. Overall, the CAP method correctly 

classified between 78% and 88% of the reference samples, depending on the number of traits 

included in the model. Of course, missing data and the non-contemporary (i.e., geographic 

and temporal) nature of the reference samples permit neither finer levels of resolution in these 

estimates nor more certain classification statements regarding the cemetery sample. In total, 

the macromorphoscopic data (character state manifestations and frequency distributions 

within the sample) indicate a relatively heterogeneous population, likely reflecting the 

complex population history (e.g., immigration, emigration, gene flow) of Londinium during 

this period.         

 

3.2 Diet 

Quality control on extracted collagen is given by excluding any samples with a collagen yield 

of less than 1 % of the original mass and examination of the C/N atomic ratio, which should 

normally lie in the range 2.9 to 3.6 (DeNiro, 1985). Eight samples failed to yield sufficient 

collagen for analysis (Table 3). One sample (BL44) had a C/N ratio of 4.38, as well as a low 

yield and very low δ13
C value and has been excluded from further consideration. The results 

from the ten successfully analysed individuals are shown in Fig. 3 in comparison to other 

results on adults from Roman Britain [data for Dorset (Redfern, et al., 2010, Richards, et al., 

1998), Queenford Farm (Fuller, et al., 2006), York (Müldner, et al., 2011b, Müldner and 

Richards, 2007), Catterick (Chenery, et al., 2011), Gravesend (Pollard, et al., 2011a), 

Gloucester (Chenery, et al., 2010b, Cheung, et al., 2012, Cummings, 2008), Lankhills, 
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Alchester, Asthall, Hucclecote, Stanton Harcourt (Cummings, 2008) and Tubney (Nehlich, et 

al., 2011) totalling 810 individuals] and more specifically Roman London (Philip Farrell pers. 

comm. 2014).  

 The carbon isotope results show relatively little variation in comparison to other 

Roman sites in the UK. The values are indicative of a purely terrestrial diet based on C3 

plants, with no evidence for consumption of marine or C4-based foods, contrast to some other 

individuals from Roman Britain and specifically the others from Roman London. The 

nitrogen isotope values are not very high and therefore there can only have been a small, if 

any, freshwater fish protein input into the diet. Within these results there are no significant 

differences in δ
13

C or δ
15

N by sex, ancestry or century (Table 4), though with such as small 

sample size, only gross differences would be detectable. In comparison with the national 

dataset, Lant Street is significantly different in δ
13

C but not in δ
15

N (Table 4). Nevertheless, it 

is notable that with only 10 samples, two fell outside the distribution of the bulk of Romano-

British samples. BL64 has a low δ
15

N value of 7.7 ‰ and African ancestry, so it may be that 

the isotopic results are picking up subtle variations due to childhood origin. On the other hand 

van Klinken et al. (2000) report that δ
13

C values of C3 plants in the warmer climates of the 

Mediterranean are 1.5-3 ‰ higher than in Britain, so this may simply be random variation.  

 Fig. 4 compares the data from Lant Street with data from the Roman period in Isola 

Sacra, Herculaneum and Velia in Italy and Leptminus in Tunisia (Prowse, et al., 2004, Craig, 

et al., 2009, Keenleyside, et al., 2009, Craig, et al., 2013). The individuals from Lant Street 

are clearly distinguished in their δ
13

C and δ
15

N from all these individuals, even the inland site 

of Velia where only some individuals show evidence of consumption of aquatic resources. 

Although the evidence from southern Europe is limited, the diet of the people buried at Lant 

Street would seem to be closer to Romano-British diet than to the diet of Mediterranean 

Roman populations. All the samples analysed were ribs, so the dietary signal represents an 

average of perhaps the last decade of life (less in individuals under 20 years old) and 

therefore the data suggest that, at a minimum, these people had spent a decade in northern 

Europe, and with a diet where the marine component did not exceed a few percent of dietary 

protein.  

 

3.3 Mobility 

Quality control measures on oxygen isotope measurements are less well developed than for 

collagen. The yield is calculated compared to the expected yield based on the sample mass. 
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Sample BL45 falls marginally more than 10% above the expected yield, but is identical in 

value to BL2, and therefore there seems no reason to reject it. 

 The oxygen isotope values are compared with other results from Roman Britain in 

Fig. 5 [Gloucester (Chenery, et al., 2010b), Winchester (Eckardt, et al., 2009, Budd, et al., 

2001, Evans, et al., 2006), York (Leach, et al., 2009b, Müldner, et al., 2011b, Leach, et al., 

2010b, Montgomery, et al., 2011), and Catterick (Chenery, et al., 2011), totalling 170 

individuals]. The coloured back ground represents the predicted drinking water composition 

and the inset map of Europe and the Mediterranean shows the composition of precipitation on 

the same colour-scale. However, both the process of calibration of δ
18

OP to δ
18

ODW and the 

interpolation used to produce the map have uncertainties of at least ±0.5 ‰. 

 As with δ
13

C and δ
15

N, the sample sizes are small and this is probably why there are 

no significant differences detected within the results by sex, ancestry or date. Nevertheless, it 

is notable that all individuals of probable African affiliation fall at or above the median value 

for those of European ancestry. Also, in comparison to the overall distribution from Britain, 

there is strong evidence of significantly higher values at Lant Street. BL15 and BL44 have 

δ
18

O values higher than any yet reported from Roman Britain, whilst BL2 and BL45 are 

higher than, but within measurement error of, the highest previously reported value, which 

was for a decapitated individual from Driffield Terrace York (6Drif-21), interpreted as a 

possible gladiator and immigrant (Müldner, et al., 2011b). Evans et al. (2012) have suggested 

that values for δ
18

OP above 19.2 ‰ are unlikely for individuals growing up in Britain. More 

conservatively, the two standard deviation range from the comparative data in Figure 5 is 

16.1 to 19.6 ‰, and values outside this might be considered as likely to be migrants. On the 

criterion of Evans et al. (2012) eight of the 19 individuals from Lant Street should be 

considered migrants, whilst on the more conservative basis, only five should be. Thus, the 

high δ
18

O values suggest that many of the individuals from Lant Street had spent their 

childhood in warmer climes than London. 

 

 

4.0 Discussion 

This study has demonstrated that Hefner’s (2011) method can be successfully applied to 

archaeological populations to assess ancestry, and provides the first cemetery-based study of 

this aspect of identity in Londinium.  The presence of individuals with African ancestry is not 

unexpected, as studies from other urban centres in Roman Britain have found people with this 

ancestry and/or mobility isotope result (Leach, et al., 2010a, 2009a) and our results combined 
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with the funerary evidence (Ridgeway, et al., 2014) for these individuals, supports the 

findings of Eckardt and colleagues who (2014) show that childhood origin and ancestry are 

not always reflected in a person’s burial identity.  The people with Asian ancestry are the first 

to be reported from Roman Britain however, this is cautiously asserted because the method 

we applied is based on more recent populations, and we recognise that morphology is subject 

to temporal and spatial variation.  To the best of our knowledge, the only other individual 

from the Roman Empire identified as having Asian ancestry, is an adult male buried at the 

Imperial estate of Vagnari (Italy) who was not local to the area and whose mtDNA revealed 

east Asian affiliations (Prowse, et al., 2010).  It may well be that these individuals were 

themselves or were descended from enslaved people originating from Asia, as there were 

slave-trade connections between India and China, and India and Rome (Warrington, 2014).  

These results will be further explored using aDNA work.      

 The evidence from dietary isotopes failed to distinguish between locals and migrants. 

Both groups appear to have consumed local foods, and there is no evidence for incorporation 

in their diets of millet or other C4 crops, unlike others in Roman Britain. However, the 

isotope evidence is limited in the types of dietary difference it can detect so an imported 

component of their diet cannot be ruled out entirely.  The isotope signals of probable local 

diets of the migrants reflect the later years of their life. If the turnover pattern in ribs is 

similar to femora then a significant proportion of tissue in young adults was formed in 

adolescence (Hedges, et al., 2007), in comparison, second premolar and second molar enamel 

forms at the ages of about 3-6.5 years and third molars at 9-13 years (Moorrees, et al., 1963, 

AlQahtani, et al., 2010). The δ
18

O values therefore derive from at least eight years before 

death (in some case several decades) and in all cases to a time period before the formation of 

the rib tissue investigated for diet. Thus the combination of age-at-death, evidence for diet 

and for migration shows that all these people had lived in Londinium for several years before 

their death, but had migrated there after the age of enamel formation. The young adult 

individuals are likely to have moved whilst adolescents, but the older adults could have 

moved at later ages. 

 The diversity of population and high proportion of migrants in this relatively small 

sample has identified individuals from the southern reaches of the Mediterranean, a new 

result for Londinium and provides further evidence for the presence of child-migrants in the 

settlement (Shaw, et al., 2016).  The primary and secondary sources for Londinium show that 

it is not unrealistic to suggest that many could have been enslaved individuals.  Intriguingly, 

the migrants or their descendants occur in similar proportions in both the A.D. 2
nd

 (2/4) and 
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the 4
th

 centuries (8/18). The use of the area for a cemetery in the two periods was 

independent, so the association with migrants might indicate that Roman Southwark was a 

place where immigrant populations lived over several centuries. Our results add to the body 

of isotopic and morphological data that points to immigration into Britain from Europe and 

the southern Mediterranean over an extended period of time, possibly from the Bronze Age 

(Millard, 2015), throughout the Roman period (Montgomery, et al., 2010, Leach, et al., 

2009b, Leach, et al., 2010b) and into the Anglo-Saxon period (Groves, et al., 2013). 

   

5.0 Conclusions  

The ‘anonymous’ burials examined here supplement the information provided by the 

epigraphic record of Londinium, which is dominated by freedmen, elites and the military 

(Marsden, 1986). The population at Lant Street show isotopic patterns at variance with those 

found in other populations from Roman Britain. The carbon and nitrogen isotopes point 

towards a settled life in northern Europe with limited consumption of marine foods. On the 

other hand, the oxygen isotopes suggest that a significant proportion of the population, in 

particular burial 2, 15, 33, 44 and 45, were immigrants to Britain who had spent their 

childhood in a climate like that of the Mediterranean. Likewise, study of population 

affiliation suggests that a significant proportion of the population, notably burials 3, 18, 27, 

29, 33 and 64 are likely to have had African or Asian ancestry.  

 Our conclusions would be strengthened by further isotopic work. Strontium isotopes 

could help refine the identification of possible places of origin. Lead isotope analyses might 

also be profitable, as it has recently been shown by Montgomery et al. (2010) that childhood 

lead exposure in Rome and in Britain was sufficiently isotopically distinct to allow the place 

of residence to be investigated.  

 

6.0 Acknowledgements and thanks 

We are grateful to the Editor for their help with this work, and the Reviewers for their 

constructive comments which aided us in the revision of this research.  Express thanks are 

given to Jenny Hall for her help with this project, to Lynne Bell (Simon Fraser University) 

and Philip Farrell (University of Wisconsin-Madison) for sharing unpublished data with RR, 

and Jelena Bekvalac at the CHB for helping with the sampling. We thank Joanne Peterkin for 

help with the isotope measurements.  

 

 



 - 16 - 

7.0 References 

Young, G.K., 2001. Rome's Eastern Trade: International commerce and Imperial policy, 

31BC-AD305, Routledge, London. 

Elton, H., 1996. Frontiers of the Roman Empire, B.T. Batsford Ltd, London. 

Scheidel, W., 2010. Rome and China.  Comparative perspectives on Ancient World Empires, 

Oxford University Press, Oxford. 

Thorley, J., 1969. The development of trade between the Roman Empire and the East under 

Augustus, Greece & Rome 16, 209-223. 

Eckardt, H., Chenery, C., Leach, S., Lewis, M., Müldner, G., Nimmo, E., 2010. A long way 

from home: diaspora communities in Roman Britain, in: Eckardt, H. (Ed.), Roman diasporas. 

Archaeological approaches to mobility and diversity in the Roman Empire, Journal of Roman 

Archaeology, Portsmouth, Rhode Island, pp. 99-130. 

George, M., 2012. Roman slavery and Roman material culture, University of Toronto Press, 

Canada. 

Chenery, C., Müldner, G., Eckardt, H., Lewis, M., 2010a. Strontium and stable isotope 

evidence for diet and mobility in Roman Gloucester, UK, Journal of Archaeological Science 

37, 150-163. 

Eckardt, H., 2010. Roman diasporas: archaeological approaches to mobility and diversity in 

the Roman Empire, Journal of Roman Archaeology Supplementary Series. 

Müldner, G., Chenery, C., Eckardt, H., 2011a. The 'Headless Romans': multi-isotope 

investigations of an unusual burial ground from Roman Britain, Journal of Archaeological 

Science 38, 280-290. 

Eckardt, H., Chenery, C., Booth, P., Evans, J.A., Lamb, A., Müldner, G., 2009. Oxygen and 

strontium isotope evidence for mobility in Roman Winchester, Journal of Archaeological 

Science 36, 2816-2825. 

Leach, S., Eckardt, H., Chenery, C., Müldner, G., Lewis, M., 2010a. A 'lady' of York: 

migration, ethnicity and identity in Roman York, Antiquity 84, 131-145. 

Eckardt, H., Muldner, G., Speed, G., 2015. The late Roman field army in northern Britain? 

Mobility, material culture and multi-isotope analysis at Scorton (N.Yorks), Britannia 46, 191-

223. 

McCosky, D.E., 2012. Race: antiquity and its legacy, Oxford University Press, New York. 

Isaac, B., 2006. The invention of racism in Classical antiquity, Princeton University Press, 

Princeton. 



 - 17 - 

Leach, S., Lewis, M., Chenery, C., Eckardt, H., Müldner, G., 2009a. Migration and diversity 

in Roman Britain: a multidisciplinary approach to immigrants in Roman York, England, 

American Journal of Physical Anthropology 140, 546-561  

Elliot, M., Collard, M., 2009. Fordisc and the determination of ancestry from cranial 

measurements, Biological Letters 5, 849-852. 

Guymarc'h, P., Bruzek, J., 2011. Accuracy and reliability in sex determination from skulls: a 

comparison of Fordisc 3.0 and the discriminant function analysis, Forensic Science 

International 208, 180.e181-180.e186. 

L'Engle Williams, F., Belcher, R.L., Armelagos, G.J., 2005. Forensic misclassification of 

ancient Nubian crania: implications for assumptions about human variation, Current 

Anthropology 46, 340-346. 

Martiniano, R., Caffell, A., Holst, M., Hunter-Mann, K., Montgomery, J., Muldner, G., 

McLaughlin, R.L., Teasdale, M.D., van Rheenen, W., , Veldink, J.H., van der Berg, L.H., 

Hardiman, O., Carroll, M., Roskams, S., Oxley, J., Morgan, C., Thomas, M.G., Barnes, I., 

McDonnell, C., Collins, M.J., Bradley, D.G., 2016. Genomic signals of migration and 

continuity in Britain before the Anglo-Saxons, Nature Communications 7, 1-8. 

Barber, B., Bowsher, D., 2000. The eastern cemetery of Roman London.  Excavations 1983-

1990, Museum of London, London. 

Wallace, L.M., 2015. The origin of Roman London, Cambridge University Press, Cambridge  

Cowan, C., Seeley, F., Wardle, A., Westman, A., Wheeler, L., 2009. Roman Southwark 

settlement and economy: excavations in Southwark 1973-91, MoLA Monograph 42, London. 

Hill, J., Rowsome, P., 2011. Roman London and the Walbrook stream crossing. Excavations 

at 1 Poultry and vicinity, City of London. Part II, MoLAS, London. 

Wheeler, R.E.M., 1928. Roman London, Royal Commission on the Historical Monuments of 

England. His Majesty’s Stationary office, London. 

Perring, D., 2015. Recent advances in the understanding of Roman London, in: Fulford, M., 

Holbrook, N. (Eds.), The towns of Roman Britain.  The contribution of commercial 

archaeology since 1990, Britannia Monograph Series 27, London, pp. 20-43. 

Tomlin, R.S.O., 2006. Was Roman London ever a colonia?  The written evidence., in: 

Wilson, R. (Ed.), Romanitas: essays on Roman archaeology in honour of Shepherd Frere on 

the occasion of his ninetieth birthday, Oxbow Books Oxford, pp. 58-64. 

Brigham, T., 1996. The port of Roman London, Journal of Roman Archaeology Supplement 

24, 23-34. 



 - 18 - 

Rowsome, P., 1996. The development of the town plan of early Roman London, in: Watson, 

B. (Ed.), Roman London: recent archaeological work.  Including papers given at a seminar 

held at The Museum of London on 16 November, 1996, Journal of Roman Archaeology 

Supplementary Series, pp. 35-46. 

Tomlin, R.S.O., Hassall, M.W.C., 2003. Britain in 2002. II Inscriptions, Britannia 34, 364-

365. 

Dondin-Payre, M., Loriot, X., 2008. Tiberinius Celerianus à Londres : Bellovaque et moritix, 

L’Antiquité Classique 77, 127-169. 

Shaw, H., Montgomery, J., Redfern, R., Gowland, R., Evans, J., 2016. Identifying migrants in 

Roman London using lead and strontium stable isotopes, Journal of Archaeological Science 

66, 57-68. 

Montgomery, J., Evans, J., Chenery, S., Pashley, V., Killgrove, K., 2010. "Gleaming, white 

and deadly": using lead to track human exposure and geographic origins in the Roman period 

in Britain, Journal of Roman Archaeology Supplement 78, 199-226. 

Müldner, G., 2013. Stable isotopes and diet: their contribution to Romano-British research, 

Antiquity 87, 137-149. 

Pollard, A.M., Ditchfield, P., McCullagh, J.S.O., Allen, T.G., Gibson, M., Boston, C., 

Clough, S., Marquez-Grant, N., Nicholson, R.A., 2011a. “These boots were made for 

walking”: The isotopic analysis of a C4 Roman inhumation from Gravesend, Kent, UK, 

American Journal of Physical Anthropology 146, 446-456. 

Cool, H.E.M., 2006. Eating and Drinking in Roman Britain, Cambridge University Press, 

Cambridge. 

van der Veen, M., Livarda, A., Hill, A.C., 2008. New plant foods in Roman Britain-dispersal 

and social access, Environmental Archaeology 13, 11-36. 

Spurr, M.S., 1983. The cultivation of millet in Roman Italy, Papers of the British School at 

Rome 51, 1-15. 

Powers, N., (Ed.), 2012. Human osteology method statement, Museum of London, London. 

Scheuer, L., Black, S., 2000. Developmental juvenile osteology, Academic Press, London. 

Brothwell, D.R., 1981. Digging Up Bones. Third Edition, Cornell University Press, Ithaca. 

İsçan, M., Loth, S., 1986a. Determination of age from the sternal rib in white males: a test of 

the phase method, Journal of Forensic Science 31, 122-132. 

İsçan, M., Loth, S., 1986b. Determination of age from the sternal rib in white females: a test 

of the phase method, Journal of Forensic Science 31, 990-999. 



 - 19 - 

Brooks, S.T., Suchey, J.M., 1990. Skeletal age determination based on the os pubis: a 

comparison of the Ascadi-Nemeskeri and Suchey-Brooks methods, Human Evolution 5, 227-

238. 

Lovejoy, C.O., Meindl, R.S., Pryzbeck, T.R., Mensforth, R.P., 1985. Chronological 

metamorphosis of the auricular surface of the ilium: a new method for the determination of 

age at death, American Journal of Physical Anthropology 68, 15-28. 

Buikstra, J.E., Ubelaker, D.H., 1994. Standards for data collection from human skeletal 

remains, Arkansas Archaeological Survey, Arkansas. 

Arthur, N.A., Gowland, R., Redfern, R.C., 2016. Coming of age in Roman Britain: 

osteological evidence for pubertal timing, American Journal of Physical Anthropology 159, 

698-713. 

Eaton, K., Duggan, A., Devault, A., Poinar, H., 2015. Museum of London report on the DNA 

analyses of four individuals, McMaster Ancient DNA Centre, McMaster University, Canada. 

Leach, S., Lewis, M., Chenery, C., Eckardt, H., Müldner, G., 2009b. Migration and diversity 

in Roman Britain: a multidisciplinary approach to immigrants in Roman York, England, 

American Journal of Physical Anthropology 140, 546-561  

Kallenberger, L., Pilbrow, V., 2012. Using CRANID to test the population affinity of known 

crania, Journal of Anatomy 221, 459-464. 

Kemkes, A., 2007. The unknown female from Cologne: science at a dead end?, in: Brickley, 

M., Ferlini, R. (Eds.), Forensic anthropology: case studies from Europe, Charles C Thomas, 

Illnois, pp. 120-136. 

Holliday, T.W., Falsetti, A.B., 1999. A new method for discriminating African-American 

from European-American skeletons using postcranial osteometrics reflective of body shape, 

Journal of Forensic Science 44, 926-930. 

Church, M.S., 1995. Determination of race from the skeleton through forensic 

anthropological methods, Forensic Science Review 7. 

Wright, R., 2008. Detection of likely ancestry using CRANID, in: Oxenham, M. (Ed.), 

Forensic approaches to death, disaster and abuse, Australian Academic Press, Australia, pp. 

111-122. 

Jantz, R.L., Ousley, S., 2005. FORDISC 3: computerized forensic discrimination functions 

University of Tennessee, Knoxville. 

Ousley, S., Jantz, R., Freid, D., 2009. Understanding race and human variation: why forensic 

anthropologists are good at identifying race, American Journal of Physical Anthropology 

139, 68-76. 



 - 20 - 

Hefner, J.T., Ousley, S.D., Dirkmaat, D.C., 2012. Morphoscopic traits and the assessment of 

ancestry in: Dirkmaat, D.C. (Ed.), A Companion to Forensic Anthropology, John Wiley & 

Sons Ltd, Chichester, pp. 287-310. 

Legendre, P., Legendre, L., 1998. Numerical Ecology. Developments in Environmental 

Modelling 20, 2nd edition ed., Elsevier, New York. 

Anderson, M.J., Willis, T.J., 2003. Canonical analysis of prinicipal coordinates: a useful 

method of constrained ordination for ecology, Ecology 84, 511-525. 

Hefner, J.T., Ousley, S.T., 2014. Statistical classification methods for estimating ancestry 

using morphoscopic traits, Journal of Forensic Science 59, 883-890. 

Hefner, J.T., 2016. Biological distance analysis, cranial morphoscopic traits, and ancestry 

assessments in forensic anthropology, in: Pilloud, M.A., Hefner, J.T. (Eds.), Biological 

distance analysis: forensic and bioarchaeological perspectives, Academic Press, Cambridge, 

pp. 297-310. 

Brunelle, J.A., Bhat, M., Lipton, J.A., 1996. Prevalence and distribution of selected occlusal 

characteristics in the US population, 1988-1991, Journal of Dental Research 75, 706-713. 

Edgar, H.J.H., 2005. Prediction of race using characterics of dental morphology, Journal of 

Forensic Science 50, 1-5. 

Hillson, S., 2005. Dental anthropology, second edition, Cambridge University Press, 

Cambridge. 

Irish, J.D., Nelson, G.C., 2008. Technique and application in dental anthropology, Cambridge 

University Press, Cambridge. 

Brace, C.L., 1995. Region does not mean ‘race’- reality versus convention in forensic 

anthropology, Journal of Forensic Science 40, 171-175. 

Hunt, D.R., Albanese, J., 2005. History and demographic composition of the Robert J. Terry 

anatomical collection, American Journal of Physical Anthropology 127, 406-417. 

Botigué, L.R., Henn, B.M., Gravel, S., Maples, B.K., Gignoux, C.R., Corona, E., Atzmon, 

G., Burns, E., Ostrer, H., Flores, C., Bertranpetit, J., Comas, D., Bustamante, C.D., 2013. 

Gene flow from North Africa contributes to differential human genetic diversity in southern 

Europe, PNAS 110, 11791-11796. 

Skorecki, K., Behar, D.M., 2013. North Africans travelling north, Proceedings of the 

National Academy of Sciences 110, 11668-11669. 

Konigsberg, L.W., Algee-Hewitt, B.F., Steadman, D.W., 2009. Estimation and evidence in 

forensic anthropology: sex and race, American Journal of Physical Anthropology 139, 77-90. 



 - 21 - 

Ubelaker, D.H., Ross, A.H., Graver, S.M., 2002. Application of forensic discriminant 

functions to a Spanish cranial sample, Forensic Science Communications 4, 

http://www.fbi.gov/about-us/lab/forensic-science-

communications/fsc/july2002/index.htm/ubelaker2001.htm. 

Gowland, R., Thompson, T., 2013. Human identity and identification, Cambridge University 

Press, Cambridge. 

Brown, T.A., Brown, K., 2011. Biomolecular archaeology, Wiley-Blackwell, Oxford. 

Lee-Thorp, J.A., 2008. On isotopes and old bones, Archaeometry 50, 925-950. 

Pollard, A.M., Heron, C., 2008. Archaeological chemistry, 2nd ed., RSC Publishing, 

Cambridge. 

Daux, V., Lécuyer, C., Héran, M.-A., Amiot, R., Simon, L., Fourel, F., Martineau, F., 

Lynnerup, N., Reychler, H., Escarguel, G., 2008. Oxygen isotope fractionation between 

human phosphate and water revisited, Journal of Human Evolution 55, 1138-1147. 

Darling, W.G., 2004. Hydrological factors in the interpretation of stable isotopic proxy data 

present and past: a European perspective, Quaternary Science Reviews 23, 743-770. 

Darling, W.G., Bath, A.H., Talbot, J.C., 2003. The O and H Stable Isotopic Content of Fresh 

Waters in The British Isles: 2. ground-water and surface waters, Hydrology and Earth System 

Sciences 7, 183-195. 

Darling, W.G., Talbot, J.C., 2003. The O & H stable isotopic composition of fresh waters in 

the British Isles. 1.  Rainfall, Hydrology and Earth System Sciences 7, 163-181. 

Bowen, G.J., Revenaugh, J., 2003. Interpolating the isotopic composition of modern meteoric 

precipitation, Water Resources Research 39, 1299 doi:1210.1129/2003WR002086. 

Pollard, A.M., Pellegrini, M., Lee-Thorp, J.A., 2011b. Technical note: Some observations on 

the conversion of dental enamel δ
18

OP values to δ
18

OW to determine human mobility, 

American Journal of Physical Anthropology 145, 499-504. 

Brettell, R., Montgomery, J., Evans, J., 2012. Brewing and stewing: the effect of culturally 

mediated behaviour on the oxygen isotope composition of ingested fluids and the 

implications for human provenance studies, Journal of Analytical Atomic Spectrometry 27, 

778-785. 

Dettman, D.L., Kohn, M.J., Quade, J., Ryerson, F.J., Ojha, T.P., Hamidullah, S., 2001. 

Seasonal stable isotope evidence for a strong Asian monsoon throughout the past 10.7 m.y, 

Geology 29, 31-34. 

Mitchell, P.D., Millard, A.R., 2009. Migration to the medieval Middle East with the 

Crusades, American Journal of Physical Anthropology 140, 518-525. 



 - 22 - 

Chenery, C., Müldner, G., Evans, J., Eckardt, H., Lewis, M., 2010b. Strontium and stable 

isotope evidence for diet and mobility in Roman Gloucester, UK, Journal of Archaeological 

Science 37, 150-163. 

Longin, R., 1971. New method of collagen extraction for radiocarbon dating, Nature 230, 

241-242. 

Smits, E., Millard, A.R., Nowell, G., Pearson, D.G., 2010. Isotopic investigation of diet and 

residential mobility in the Neolithic of the Lower Rhine Basin, European Journal of 

Archaeology 13, 5-31. 

Brown, T.A., Nelson, D.E., Vogel, J.S., Southon, J.R., 1988. Improved collagen extraction by 

modified Longin method, Radiocarbon 30, 171-177. 

Hammer, Ø., Harper, D.A.T., Ryan, P.D., 2001. PAST: palaeontological statistics software 

for education and data analysis, Palaeontologia Electronica 4, article 4. 

Seehra, J., Coutts, F., 2012. The talon cusp-an uncommon anomaly, Dental Update 39, 262-

264. 

Halcrow, S.E., Tayles, N., 2010. Talon cusp in a deciduous lateral incisor from prehistoric 

Southeast Asia, International Journal of Osteoarchaeology 20, 240-247. 

Stojanowski, C.M., Johnson, K.M., 2011. Labial canine talon cusp from the Early Holocene 

site of Gobero, Central Saharan Desert, Niger, International Journal of Osteoarchaeology 21, 

391-406. 

DeNiro, M.J., 1985. Postmortem preservation and alteration of in vivo bone collagen isotope 

ratios in relation to palaeodietary reconstruction, Nature 317, 806-809. 

Redfern, R.C., Hamlin, C., Beavan Athfield, N., 2010. Temporal changes in diet: a stable 

isotope analysis of late Iron Age and Roman Dorset, Britain, Journal of Archaeological 

Science 37, 1149-1160. 

Richards, M.P., Hedges, R.E.M., Molleson, T.I., Vogel, J.C., 1998. Stable isotope analysis 

reveals variations in human diet at the Poundbury Camp Cemetery site., Journal of 

Archaeological Science 25, 1247-1252. 

Fuller, B.T., Molleson, T.I., Harris, D.A., Gilmour, L.T., Hedges, R.E.M., 2006. Isotopic 

evidence for breastfeeding and possible adult dietary differences from Late/Sub-Roman 

Britain, American Journal of Physical Anthropology 129, 45-54. 

Müldner, G., Chenery, C., Eckardt, H., 2011b. The ‘Headless Romans’: multi-isotope 

investigations of an unusual burial ground from Roman Britain, Journal of Archaeological 

Science 38, 280-290. 



 - 23 - 

Müldner, G., Richards, M.P., 2007. Stable isotope evidence for 1500 years of human diet at 

the city of York, UK, American Journal of Physical Anthropology 133, 682-697. 

Chenery, C., Eckardt, H., Müldner, G., 2011. Cosmopolitan Catterick? Isotopic evidence for 

population mobility on Rome’s Northern frontier, Journal of Archaeological Science 38, 

1525-1536. 

Cheung, C., Schroeder, H., Hedges, R., 2012. Diet, social differentiation and cultural change 

in Roman Britain: new isotopic evidence from Gloucestershire, Archaeological and 

Anthropological Sciences 4, 61-73. 

Cummings, C., 2008. Food and society in late Roman Britain : determining dietary patterns 

using stable isotope analysis, Research Laboratory for Archaeology and the History of Art, 

University of Oxford, Oxford. 

Nehlich, O., Fuller, B.T., Jay, M., Mora, A., Nicholson, R.A., Smith, C.I., Richards, M.P., 

2011. Application of sulphur isotope ratios to examine weaning patterns and freshwater fish 

consumption in Roman Oxfordshire, UK, Geochimica et Cosmochimica Acta 75, 4963-4977. 

van Klinken, G.-J., Richards, M.P., Hedges, R.E.M., 2000. An overview of causes for stable 

isotopic variations in past European human populations: environmental, ecophysiological and 

cultural effects, in: Ambrose, S.H., Katzenberg, M.A. (Eds.), Biogeochemical approaches to 

paleodietary analysis, Kluwer Academic/Plenum, New York, pp. 39-63. 

Prowse, T., Schwarcz, H.P., Saunders, S., Macchiarelli, R., Bondioli, L., 2004. Isotopic 

paleodiet studies of skeletons from the Imperial Roman-age cemetery of Isola Sacra, Rome, 

Italy, Journal of Archaeological Science 31, 259-272. 

Craig, O.E., Biazzo, M., O'Connell, T.C., Garnsey, P., Martinez-Labarga, C., Lelli, R., 

Salvadei, L., Tartaglia, G., Nava, A., Reno, L., Fiammenghi, A., Rickards, O., Bondioli, L., 

2009. Stable Isotopic Evidence for Diet at the Imperial Roman Coastal Site of Velia (1st and 

2nd Centuries AD) in Southern Italy, American Journal of Physical Anthropology 139, 572-

583. 

Keenleyside, A., Schwarcz, H., Stirling, L., Ben Lazreg, N., 2009. Stable isotopic evidence 

for diet in a Roman and Late Roman population from Leptiminus, Tunisia, Journal of 

Archaeological Science 36, 51-63. 

Craig, O.E., Bondioli, L., Fattore, L., Higham, T., Hedges, R., 2013. Evaluating marine diets 

through radiocarbon dating and stable isotope analysis of victims of the AD79 eruption of 

vesuvius, American Journal of Physical Anthropology 152, 345-352. 

Budd, P., Montgomery, J., Evans, J., Chenery, C., 2001. Combined Pb-, Sr- and O-isotope 

analysis of human dental tissue for the reconstruction of archaeological residential mobility, 



 - 24 - 

in: Holland, J.G., Tanner, S.D. (Eds.), Plasma Source Mass Spectrometry: The New 

Millennium., Royal Society of Chemistry, Cambridge, pp. 311-326. 

Evans, J., Stoodley, N., Chenery, C., 2006. A strontium and oxygen isotope assessment of a 

possible fourth century immigrant population in a Hampshire cemetery, southern England, 

Journal of Archaeological Science 33, 265-272. 

Leach, S., Eckardt, H., Chenery, C., Müldner, G., Lewis, M., 2010b. A 'lady' of York: 

migration, ethnicity and identity in Roman York, Antiquity 84, 131-145. 

Montgomery, J., Knüsel, C., Tucker, K., 2011. Identifying the origins of decapitated male 

skeletons from 3 Driffield Terrace, York, through isotope analysis: reflections of the 

cosmopolitan nature of Roman York in the time of Caracalla, in: Bonogofsky, M. (Ed.), The 

Bioarchaeology of the Human Head: Decapitation, Decoration and Deformation, University 

Press of Florida, pp. 141-178. 

Hefner, J.T., 2011. Chapter 9: macromorphoscopics, in: Wilczak, C., Dudar, J.C. (Eds.), 

Osteoware Software Manual, Volume 1.  Developed by the Repatriation Osteology Lab, 

Smithsonian Institution, Smithsonian Institution, Washington D.C., pp. 66-78. 

Ridgeway, V., Leary, K., Sudds, B., 2014. Roman burials in Southwark.  Excavations at 52-

66 Lant Street and 56 Southwark Bridge Road, London SE1.  PCA Monograph 17, Oxbow 

Books, Oxford. 

Eckardt, H., Müldner, G., Lewis, M., 2014. People on the move in Roman Britain, World 

Archaeology 46, 1-17. 

Prowse, T.L., Barta, J.L., von Hunnius, T.E., Small, A.M., 2010. Stable isotope and mtDNA 

evidence for geographic origins at the site of Vagnari, South Italy, in: Eckardt, H. (Ed.), 

Diasporas in the Roman world, Supplement of Roman Archaeology, Portsmouth R.I., pp. 

175-197. 

Warrington, E.H., 2014. The commerce between the Roman Empire and India, Cambridge 

University Press, Cambridge. 

Hedges, R.E.M., Clement, J.G., Thomas, C.D.L., O'Connell, T.C., 2007. Collagen turnover in 

the adult femoral mid-shaft modeled from anthropogenic radiocarbon tracer measurements, 

American Journal of Physical Anthropology 133, 808-816. 

Moorrees, C.F.A., Fanning , E.A., Hunt, E.E., 1963. Age variation of formation stages for ten 

permanent teeth, Journal of Dental Research 42, 1490-1502. 

AlQahtani, S.J., Hector, M.P., Liversidge, H.M., 2010. Brief communication: The London 

atlas of human tooth development and eruption, American Journal of Physical Anthropology 

142, 481-490. 



 - 25 - 

Millard, A.R., 2015. Isotopic investigation of residential mobility and diet in: McKinley, J.I., 

Leivers, M., Schuster, J., Marshall, P., Barclay, A.J., Stoodley, N. (Eds.), Cliffs End Farm, 

Isle of Thanet, Kent A mortuary and ritual site of the Bronze Age, Iron Age and Anglo-Saxon 

period with evidence for long-distance maritime mobility, Wessex Archaeology, pp. 135-146. 

Groves, S.E., Roberts, C.A., Lucy, S., Pearson, G., Gröcke, D.R., Nowell, G., Macpherson, 

C.G., Young, G., 2013. Mobility histories of 7th–9th century AD people buried at early 

medieval Bamburgh, Northumberland, England, American Journal of Physical Anthropology 

151, 462-476. 

Lightfoot E and O’Connell TC 2016: On the use of biomineral oxygen isotope data to 

identify human migrants in the archaeological record: Sample variation, statistical methods 

and geographical considerations PLoS ONE 11(4), e0153850. 

 

 



 - 26 - 

 


