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Abstract

KRISTINA KILLGROVE: Migration and Mobility in Imperial Rom  e.
(Under the direction of Dale L. Hutchinson.)

Migration to Rome in the Imperial period has been underaesed owing to a dearth
of epigraphical and historical evidence, particularlyareting the lower classes. A new set
of data has come to light in the form of thousands of skeletiams lower-class cemeteries in
Rome’ssuburbium Two of these cemeteries, Casal Bertone near the city wall€astellaccio
Europarco in an agricultural area of the Roman suburbsjgiel 83 skeletons for osteological
analysis. Combined strontium and oxygen isotope analylsasobsample of 55 individuals
isolated 20 people who came to Rome following a birth elseah@arbon and nitrogen isotope
analysis of the same sample population demonstrated thi there significant differences
between the childhood diet of immigrants to Rome and thaheflocals. Immigrants were
more likely to have consumed diets with significant amouhte®C, plant millet. Prevalence
of skeletal and dental diseases, however, were not signifyodifferent between the immigrant
and local populations. Mobility in Imperial Rome can thus dieracterized from isotope
analyses as long-distance migration from the provinceselsas movement of individuals
within the Italian peninsula. The biological identificatiof immigrants to Rome in the absence
of historical and epigraphical data is a significant firspsi@vards a new understanding of
who migrants were, where they came from, and what expersathey had upon arrival in the

Imperial capital.
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Part |

Theorizing Mobility in Imperial Rome



Chapter 1

Introduction

Mille viae ducunt homines per saecula Romam.
- A. de Lille (1175),Liber Parabolarumb91

The Medieval aphorism translated as “all roads lead to Rowas' likely a reference to
the milliarium aureum which Plutarch I(ife of Galbg 24.2) described as a gilded column in
the Forum Romanum where every road in the Italian peninsudae Early in his principate,
Augustus set up this monument and inscribed distances betReme and other cities in the
Empire (Hulsen, 1906). Ancient authors and modern histarialike take for granted that
Rome as the literal center of the Empire beckoned peopleitsitwalls with the promise of
bread and circuses, jobs and culture, neglecting to fullgstigate the effects that visitors had
on various aspects of society. In contrast, quite a lot oftilistiplinary research has been
done on Roman presence in the provinces. This researcrspmihthe complicated cultural
relationships that obtained during the Empire and rejéwisdng-held belief that a monolithic
Roman culture existed to which provincials were quicklyudttcated. The same critical eye
has not been turned onto Rome itself, and our understandinggoation to Rome is based
solely on the written record. There has been no further tiy&tson of those who made the
journey to Rome either by force or by choice, of their biot@diand cultural characteristics,
their effects on the Roman population, or their experiemeggotiating a new geographical

space.



A thorough understanding of migration to Rome has beenemwritiff as impossible by a
number of scholars because of the lack of archaeologicdeage found thus far and because
migration is a difficult process to model. There are no talegibmains of neighborhoods or
cemeteries in Rome that are known to have held large grouparofgrants. There is little
evidence of separate housing or domestic spheres for fostayes. We do not see clear in-
dications of the preservation of ethnic heritage in matetgture assemblages at household
or cemetery sites in Rome. It is therefore difficult to botanitfy and contextualize migrants
with the archaeological data at hand. Roman demographeesnharshaled the scanty histori-
cal and epigraphical evidence of migrants to the capitabbotcessity, as migration, fertility,
and mortality form the basis of demographic inquiry (Sck&i@001; Erdkamp, 2008). In the
absence of a quantifiable data source such as a census, homewy demographers quite
literally footnote migration (Parkin, 1992; Laurence, 998rier, 1999).

In the past decade, construction projects in Rome have ened¥housands of skeletons in
Imperial period cemeteries, almost all of which represkatidwer echelons of Roman society
(Catalano, 2008). Very few of these cemeteries have bedispatl, with many reports includ-
ing only a small sample of the overall burial population (Beitato et al., 2003). Investigating
this new line of data - biological remains of the ancient Romais therefore imperative for
understanding migration to Imperial Rome. Prior to thigdgtunigration to Italy has rarely
been investigated using osteological remains, and onlyther study has employed chemical
analysis to identify individual migrants (Prowse et al.0Z2}) Isotope analysis of human skele-
tal remains has been used for decades to isolate individinse enamel or bone composition
differs from that of the local population. Using this methdds possible to find people who
were born elsewhere and who consumed significantly diftdoerd resources at that location.
Further, traditional osteological analysis of demograhiaracteristics and disease prevalence
within a cemetery population can yield additional informaatabout patterns of migration and
immigrants’ experiences.

This dissertation therefore shifts the focus of human marerm the Roman Empire from



the provinces to Rome itself in order to better understanddipeople who, for whatever rea-
son, came to the Imperial capital from somewhere else. Thgrgphical mobility of people
within the Empire has direct consequences for the demograjpmposition of the city, the
disease load of the population, the Roman economy, the ggsafairbanization, the institution
of slavery, and the composition of society in general. Bibaeological data can be consoli-
dated to investigate immigrants’ common experiences -ak tlaereof - at Rome as compared
with the local population. Choices made in commemoratiaefices and foodways, as well
as differential susceptibility to disease, constitute atstg point for investigating identity,
ethnicity, and the quality of life of immigrants to Rome.

There are three main goals of this project. First, basic dateower-class immigrants to
Rome are virtually nonexistent. Through a combination ofibthaeological and biochemical

analysis, | address the following questions:

1. Is there evidence of immigrants at Rome?
2. Who immigrated? What was the sex ratio and age range offitimegrant population?
3. From which geographical areas were immigrants comingotoé?

4. What form did migration take in the Empire? Unidirectibmedirectional, long-distance,

short-distance, urban-to-rural, rural-to-urban?

Second, assumptions are widespread in both historical ameémporary secondary litera-
ture about the quality of life of immigrants to Rome. Immigtsiand slaves living in the urban
center are thought to have been much more likely to haversdifighysically than locals. In
an argument ex silentio, foreigners and slaves are alsongesbto have quickly acculturated to
life at Rome. This project investigates these assumptisimgwsteological and archaeological

information by asking:

1. What was the quality of life for nonlocals at Rome? Wasrtbkeletal and dental health



significantly worse than that of the locals? Were they mommerto interpersonal vio-

lence? Do diet and deficiency diseases speak to pooreriomi@itnong immigrants?

2. Did immigrants to Rome maintain previous lifeways andadatons of former identities

or ethnicities?

Finally, this project on the bioarchaeology of immigramt$rhperial Rome contributes to a
better understanding of one of the largest urban centeheipreindustrial world. As foreign-
born people composed a large portion of the Roman populatiedocument concludes with
an assessment of how immigrants affected the cosmopobktamenof Imperial Rome.

The structure of this dissertation is as follows:

1.1 Partl - Theorizing Mobility in Imperial Rome

The first part of this dissertation deals with the ways in whie can understand mobility
and migration in Imperial Rome. Although the historicalort is often maligned because
of its elite bias, it provides a wealth of information abola tgeopolitical structure in which
movement occurred throughout the Empire. Using the writéeord, though, means question-
ing primarily its applicability to slaves and the lower das, who constituted the vast majority
of migrants in the Imperial period. Drawbacks of the higtatiapproach notwithstanding,
chapter 2 lays out the spatial context of movement withinEheire. The geography of mi-
gration is quite nuanced; some people came to Rome fromuiag-fbrovinces, while others
left their homes in Tuscany or the suburbs and made their walget Imperial capital. Both
voluntary and compulsory migration contributed to the gioof the city of Rome and are ex-
amined in this chapter from an historical perspective, Wisiaggests that certain time periods
and circumstances contributed to large-scale populatiovements and diasporic events. An
investigation into short-distance population migratiarthe Empire shows that there is little

information on mobility between the city and the suburbs ofife. Being able to reconstruct



population movement at any or all of these scales would agidfgiantly to our understanding
of one of the largest urban centers in history.

In chapter 3, | present my approach to migration in ancienh®o Studies of Imperial
Rome tend to under-theorize mobility, taking it for grantbdt citizens moved freely within
the geopolitical borders of the Empire. Further, almostgiR®man researcher ignores slavery
as a migratory phenomenon, choosing instead to use epigahpiscriptions to focus on free
(usually elite) citizens’ reasons for moving and commertioreof identity in death. Rather
than assuming that migration is an easily understood l¢stigprocess that needs no theoretical
explication, | argue that migration theory drawn from canprary anthropology allows me
to reconceive of migration to Rome as a patterned human gspoee that can be investigated
archaeologically. Recent perspectives in cultural amtbiagy emphasize transnationalism and
diaspora as phenomena of migration in our increasinglyaioéd world. Although the Ro-
man Empire was a highly connected geopolitical entity itinte, applying these modern ideas
wholesale to ancient Rome would be anachronistic. Nevietbgethe concepts of diaspora and
transnationalism are useful for forming questions abogtration that have not yet been asked
in regard to Rome. The limits of the currently analyzed aecih@gical data for answering ques-
tions about migration are examined, however, and a new datae, human skeletal remains,
is introduced. The utility of biochemical analyses of skalléssue to this new approach to Ro-
man migration is explicated. This chapter concludes wighrtile of mobility in urban Rome.
Migration affects the demography and epidemiology of a jefpon, it gives us a window into
the ancient slave trade, and it helps us understand whawdifelike for the slaves and lower

classes living at Rome.



1.2 Partll - Bioarchaeological Evidence

In the second part of this dissertation, | present a variebyaarchaeological evidence col-
lected from human remains from two Imperial-period cenieseit Romeé. The Casal Bertone
and Castellaccio Europarco cemeteries are thought toseprra cross-section of the Roman
lower class. Chapter 4 includes all available archaeoédgidormation about these sites and
where they fit into the typical Roman burial tradition. As aipgban cemetery with associ-
ated mausoleum, it is thought that individuals buried ataCBsrtone were more urban and of
slightly higher social standing than individuals buriedhst suburban cemetery of Castellaccio
Europarco. Demographic information on age, sex, and gtdtam the cemetery populations
indicates that there are differences between the two gpbma contexts.

Chapters 5 and 6 further investigate the differences bet@easal Bertone and Castellaccio
Europarco in terms of evidence of disease and foodways. nergé the frequencies of both
skeletal and dental pathologies at the two sites were signifliy lower than at the few other
published cemeteries of the Imperial period. It appearaigher, that life in urban Rome may
have been tougher than living in the suburbs, as evidencgapiersonal violence and disease
is slightly higher at Casal Bertone. Nevertheless, the lureenains indicate a surprisingly
healthy life, or at least one without diseases that took laotothe skeleton. The assumption
that urban life had a demonstrably ill effect on the healttheflower classes is therefore ques-
tioned. A dietary assessment of a sample of individuals filmetwo study populations using
carbon and nitrogen isotope analysis also shows someatiffes, particularly among adults.
Variation existed within the Roman diet, as individuals wived within a few kilometers of
one another, who were very likely moving between the urbarsaiburban contexts frequently,

ate significantly different foodstuffs.

1Appendix B gives the data gleaned from the earlier Republimarials at Castellaccio Europarco. These
burials were too few to be of diachronic comparative valughigtpoint in the development of bioarchaeology in
Rome.



1.3 Partlll - Human Mobility in Imperial Rome

In order to discuss lower-class migrants to Imperial Rorhés first necessary to locate
them. The lack of historical information about the vast mijoof migrants and the fact that
very few Imperial period burials have been found with grageds that could indicate differ-
ent geographical or cultural origins mean that a new datésetcessary in order to identify
individuals who moved to Rome from elsewhere. Part Ill thenee explicates my biochemi-
cal approach to identifying migrants and presents the tesfilstrontium and oxygen isotope
analyses.

Chapter 7 begins by demonstrating the utility of biocheinazalyses for questions of
ancient migration in publications by other Old World reséars. The methods behind isotope
analysis of both strontium and oxygen are presented, alotihgways in which these isotope
data can be interpreted, particularly in terms of identifyan approximate geographical area
in which an immigrant was born. Generally, isotope analgsegerformed on dental enamel,
which forms during childhood and does not remodel like booesd This study uses enamel
from first molars to assess mobility in the Roman Empire, &ieccbnstraints on interpretation
of the data produced by this method are also presented.

Chapter 8 details the process by which strontium was extlaitom dental enamel and
presents the results of the measurement’8fF°Sr ratios in the 105 samples taken from
Imperial-period individuals at Casal Bertone and CasteltaEuroparco. Although strontium
passes from geological formations into the groundwatereasahtually to human tissue un-
fractionated, the bioavailability of strontium within tle@vironment relates to factors such as
the origins of water sources in addition to the underlyinglggy of a region. Strontium iso-
tope analysis has never been performed on human tissue foone Refore, so this chapter
presents an in-depth discussion of how | constructed a &tcaitium range. Through analysis

of the geology, a few scattered faunal data points, and nmaglef the environment based on

2An approach to mobility that combines nonmetric trait datdwiochemical analyses was considered, but
the data sets overlapped in so few cases that the formeresemnied separately in appendix C.



information about Roman aqueducts, | provide a conseatbtimate of the strontium range
of Rome and its suburban hinterland. Immigrants to Romedmetified with respect to these
ranges, and patterns indicative of possible geologicaldlanas are investigated.

In order to support the strontium isotope data, a subset ah&%iduals was subjected
to oxygen isotope analysis, which provides independentbuotplementary information on
migration using the same dental enamel samples. ResulteaiXdygen isotope analysis are
presented in chapter 9. The data were interpreted witheeéerto a published sample of
modern Roman children’s deciduous teeth, yielding nunenodividuals who were probable
immigrants to Rome.

In chapter 10, the results from the strontium and oxygero®tinalyses are combined.
Whereas strontium tends to vary roughly north to south ortéi@n peninsula, oxygen varies
east to west. Immigrants are conservatively assumed t@belfaly unless an isotope value is
outside the expected range for the peninsula. Many indalgdwere found to have significantly
higher or lower strontium or oxygen values than the indigidwlefined as local, and others
presented oxygen isotope values that are inconsistentthatienvironment of Italy. Those
people shown to have originated somewhere other than Roenef &#oth sexes and died at a

variety of ages, from preadolescence to senescence.

1.4 PartlV - Friends, Romans, Countrymen

The last section of this dissertation integrates the blusological and biochemical ev-
idence presented in chapters 4 through 10 in light of theohicgtl context of migration in
Imperial Rome. These data are compiled in two different wayshapters 11 and 12. First, |
investigate immigrants’ overall quality of life and strgies of integration/separation in chap-
ter 11 by comparing the identified immigrant population fribra two study sites with the local
population in terms of demographics (age-at-death, s@shaburial style, diet, and disease.

Second, | highlight the lives of particular immigrants inaphter 12, those whose skeletons



yielded the most new information about life as a foreigndmperial Rome. Bioarchaeolog-
ical analysis of human skeletal remains from ancient Rontleus shown to create a nuanced
picture of migrants in the Imperial capital and to contriotd the biography of people absent
from history and materially invisible. This dissertatiaoncludes with chapter 13, a summary
of the new information generated by this research projetbn8um isotope analysis shows
that people came to Rome from the provinces and from Italythatithe people of Rome
utilized a variety of water resources during the Empire. Ghapter concludes with a call for
further research into mobility and migration in ImperialRe informed by contemporary an-
thropological theories of transnationalism and diasppeaaticularly regarding the themes of

identity, ethnicity, and agency of slaves and the lowersgas

10



Chapter 2

All Roads Lead to Rome

Augustus initiated the use of the teprincepsto refer to the Roman emperor, and it con-
tinued to be used through Diocletian’s reign. As the “firgizein,” Augustus was the face
of the Empire, quite literally, propagating his image ansl idieas throughout the Empire by
means of coinage, building programs, and the visual langoégrt (Zanker, 1990). He also
recognized the extreme importance of the road system fatanyil trade, and communication
purposes (Laurence, 1999). From its inception, therefmyth the infrastructure and ideology
of the Empire meant that people living far from central Ithgd information about the urban
center. The edict of Caracalla in 212 AD granted Roman cishé to all free residents of the
Empire, allowing them to permanently change residenceawitfosing any legal rights. With
many transportation and cultural barriers removed, it sugprising that people were volun-
tarily immigrating to Rome, perhaps drawn by the promisecoimic betterment. The slave
trade continued into the Imperial period as well, providigme, Italy, and the provinces with
additional nonlocal residents.

This chapter sets up the structural conditions in which itglibo Rome during the early
Imperial period occurred, inasmuch as we understand tleagunenon from written records
referring to voluntary migration and slavery. The differscales at which movement occurred,
both geographical and temporal, are reviewed. Presentaitibe information currently known

regarding migration to Rome includes discussion of the sifaies in this research.



2.1 Briefly Defining Movement, Population, and Empire

Movement

| start with the general premise that people are not statyohaings their entire lives,
even in antiquity (Osborne, 1991). Theories of physical ement will be further explicated in
chapter 3, butitis necessary at the outset to define terrmhwilhbe used throughout this work.
Although | do agree with Kearney (1986, p. 331) that “migvatis the movement of people
through geographic space,” that definition does not conti@eduration of the movement.
Rather, in this work | follow and expand on Erdkamp’s (2008420-1) conception of human
movement in the Roman world as a “spectrum” of migration aidbifity.

At one end,migration involves permanent relocation, which can result in, fornegke,
changes in subsistence strategy, the creation of an etholave at the destination, or volun-
tary acculturation.Physical mobilityis less permanent than migration, involving seasonal or
temporary relocation, such as an itinerant musician, alsrépengaged in transhumance, or
rural farmers who regularly journey to city markets. Figafiavel does not result in any sig-
nificant change in a person’s learned behavior or foodwaysimht lead to a more permanent
form of relocation. It is therefore not always possible tertfy which of these categories best
fits the movement under investigation, as overlap can ocuiiradividuals can engage in one

or more of these movement patterns during the course oflthes:

Population

The population of Rome during the Empire was divided intéedént strata based primarily
on social, legal, and economic standing, but all individuzd the potential to be physically
mobile. The diagram in figure 2.1 gives a general picture efdtganization of the popula-
tion. Among the upper strata of Roman society were the emaer his household, senators
(senatore} and equestriangquite$. The decurion order comprised soeguitesbut mainly

reflected the local ruling elite of other cities in the Empifenong the lower strata of Roman
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society were the free commonemdenu), the freedpeople or former slavdibérti), and the
slaves gervi). The latter two strata of people were not legal citizenefEmpire. Before the
early 3rd century AD, other non-citizens at Rome inclugedegrinior free foreigners, those

who came to the city voluntarily from other areas of the Empir

imperator domus imperatoria

ordon senatorius (consulares, ‘ordinary’ senators)

ordo equester (high praefecti and
procuratores, incumbents of the militia
equestris, other equites above and within
the ordines decurionum)

Upper Strata

ordines decurionum

T/
!/ ! / \ familia Caesaris, rich liberti
Lower Strata A e s SHAN
/! v
/! A
/ / \
/ \\
I/ \
| \
/ \
\
/ \
/ \
[ \
ingenui  liberti servi servi  liberti ingenui

plebs urbana plebs rustica
From Alfoldy (1985), Fig. 1

Figure 2.1: Social Structure of Imperial Rome

There was very little chance of individuals from the loweatd gaining entry into the upper
strata of Roman society, indicated in figure 2.1 by a thiclckline. Social mobility within
the upper strata did exist, as men could work their way up fegorego senator for example.
In the lower strata, slaves could be freed. Economic betrtnpihowever, did not necessarily
bring a change in status at either end of the social hierarchy

There was no middle class in the true Marxist sense of the;teather, the Roman so-
cial hierarchy maintained a strong division between thelthgalite of the upper strata and

the plebs the lower strata of commoners, freedpeople, and slavesooest or few means.
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Alfoldy (1985, p. 149) has argued that, without a middla&tm that both owned the means of
production and engaged in production, it is unwise to redeghe Roman population in terms
of upper and loweclassesWith all due respect to the original denotatiorctdssand with the
recognition that the Roman social system is rather uniquengrpreindustrial societies, in this
dissertation | follow the convention of many classical dal®in using the termapper class
andlower classto broadly connote the primary dichotomy of the Roman satraicture.

The pyramidal depiction of Roman society represented indi@ul imparts only a general
conception of the social structure; it does not represenirtibalance between the population
size of each stratum. Table 2.1 is drawn from a variety of aeaito show the relative size of
each social stratum (MacMullen, 1974; Alfoldy, 1985; Bed 1994; Scheidel, 1997). Less
than 2% of the population of Rome would have been in the ugpatasof society; the elite or

the upper class thus controlled the government, religinod,economy of both Rome and the

Empire.

% Imperial Family (mperator & Domu3 0.002%

O

g Senators$enatores 0.2%

o

> EquestriansEquites 1.3%
@ Free Commonerdrigenu) 58%

O

o | Freedpeoplel(berti) 6%
=

o

—! | Slaves Serv) 35%
| Total 100%

Table 2.1: Distribution of the Imperial Roman Population3xncial Class

The remaining 98% or so of the Roman population was compodste mon-elite, people
whose social, economic, or legal status prevented them joamng the ranks of the upper

strata. My use of the terfower class(esjhus refers to the vast majority of the population
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of Rome, including the free commoneisdenu), slaves gervi), and freedpeopldiberti). In
chapter 4, | will discuss how material remains from burialdhbeen used to address social

status.

Empire

There are various dates cited as the start and end of the RBmpire, most notably for
the latter because of the difficulty pinpointing its precitdl.” On account of the imprecise
nature of the archaeological dates used in this work, | reféarge periods of time with the

following shorthand terms:

Early Empire - Approximately the reign of Augustus and the succeedingpJblaudian and

Flavian dynasties: 27 BC-96 AD.

Middle Empire - The period in which the greatest geographical and pomuiatize was
reached, approximately the reigns of the 5 Good Emperorstlan&everan dynasty:

96-235 AD.

Late Empire - The events after the crisis of the third century throughdibeline and “fall” of

the western Roman Empire: 235-395 AD.

For the purposes of this work, | am mainly concerned with tsietd 3rd centuries AD,
approximately the reigns of Augustus (27 BC-) through Datiein (-305 AD). The majority
of this time period is also known as the Principate, as it waaritiquity. Reference will,
however, be made to the Republican period (509-27 BC) asseapethrough discussion of
structural factors of Roman society and economy that mighehaffected migration in the
Imperial period.

In terms of geographical area, the greatest extent of Ram@srial expansion was during
the reign of Trajan (98-117 AD). Movement within the Empirasmot necessarily restricted to
Roman-conquered areas, but most of the movement towards Raty came from the lands

of the known Empire. Mobility and migration, as implied alkepware known from historical
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sources to have taken place in different geographical spaue at a variety of scales. Current
knowledge about the kinds of people who traversed the Romapireé and how and why they

engaged in mobility and migration is presented in the folim\sections.

2.2 Spatial Context of Movement within the Roman Empire

When Roman scholars discuss migration and mobility in thepiEam the geographical
spaces they allude to are often presented in implicit siratist terms, the contrasting di-
chotomies of Empire with Italy and Rome with its suburbantéviland uburbiun). Move-
ment in the first pairing thus represents long- versus gdistence migration (Noy, 2000), and
movement within the second represents a rural-to-urbaematErdkamp, 2008). At a more
myopic scale, a central concern of migrants is housing adélsénation. Movement within and
between neighborhoods and households in Rome is less adtarsded, yet itis likely both that
ethnic enclaves existed and that there was integrationaylpdrom a variety of backgrounds
(Noy, 2000). These categories are meant to convey the desvata of geographical thinking
in the Roman world; where physical boundaries existed, thxese in most cases permeable

(Witcher, 2005).

2.2.1 Empire and Italy

The extended reach of Rome began in the Republic, when tharaitits growing territory
were governed by the Senate and the Roman people. Romédargnihight was proven early
in its history, as the organization served to secure thedssrdf ever-growing Rome, collect
tribute and taxes from conquered peoples, and maintairr ¢@dsworthy, 2003). Military
campaigns were thus the lynchpin in expansion of the teyrgoverned by Rome.

Different peoples came into contact with one another foffitlsetime during these military
excursions, and population interaction was a lasting tefuRome’s expansionist mindset.

Following the subjugation of the Etruscans and Latins surding Rome in the 5th century
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BC, the city expanded its jurisdiction to a large part of ttadidn peninsula by the 3rd century.
The 3rd century also brought conflict with another major Merdanean power, Carthage, and
the Punic Wars continued into the 2nd century. The theataaofincluded much of the north
coast of Africa and a large part of Spain across the StraitibfaBar. The 2nd century also
saw conflict in the east, as Rome defeated Greece and Maeedoi the 1st century brought
antagonism from Asia Minor. As general, Julius Caesar béggmoampaigns in the northeast
in the 1st century BC, famously invading Gaul. By the end efRepublic, the Roman world
stretched from France to north Africa, from Spain to Syriagldie, 1998).

The ascension of Augustus to the head of the government ofeRtwwever, brought
a new era of cognizance of geography on the part of the Romaplgeat least as judged
by the ethnonyms in hiRes Gestaand historical references to a multitude of peoples and
geographical areas (Nicolet, 1991). Yet Augustus alsoneshe an era of peace, the so-called
Pax Romanaby checking expansion and concentrating on the maintenahthe Empire.
Under succeeding emperors, the territory governed by Rame. dn addition to pushing the
boundaries of the Empire northward in Germany and BritammB expanded eastward after
taking over Pannonia and Dacia, and pressed further eastigmbe with the empire of Parthia.
The greatest extent of the Empire, under the leadershipajaiiy can be seen in figure 2.2.
Rome’s military leaders in the Republic and Empire thusdibteh as de facto ambassadors in
their interactions with people in the colonies and humaffitiers as they brought conquered
peoples back to Rome as slaves. Slavery and military seag@mpulsory migration in the
Republic and Empire will be discussed further below.

Not only was the territory of the Empire partitioned intofdient provinces, but the Italian
peninsula under Augustus (c. 7 BC) was demarcated into relagministrative regions (fig-
ure 2.3) (Nicolet, 1991). Rome was, of course, in Region I, but the remainder of theoregyi

were more or less arbitrarily drawn by Augustus and did natedo the geographical thinking

1The regions were: | = Latium and Campania. Il = Calabria andliap Il = Lucania and Bruttium. IV
= Samnium. V = Picenum. VI = Umbria. VII = Etruria. VIII = Aemd. 1X = Liguria. X = Venetia. XI =
Transpadana.
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at the time nor to any inherent ethnic divisions of the pemegLaurence, 1998, p. 99). The
Greek geographer Strabo took pains to equate these regittnsthnicity, the primary feature
by which many ancient geographers organized their work rgraee, 1998, p. 95). Ethnicity
was conceived as including: shared territory, common da#ssbared language, shared cus-
toms or beliefs, a name (ethnonym) for group identity, antiarexd history (Renfrew, 1996,
p. 130). Yet by the beginning of the Empire, the Italian penla was already quite hetero-
geneous in its population, and there were no stark culturlshguistic borders between Italic

peoples.

From Nicolet (1991), Map 1.

Figure 2.3: Augustan Regions of Italy

Towns, cities, and peoples could choose to distance thgaessiebm Rome culturally, often
in opposition to their common perceptions of the city anccitkure (Laurence, 1998). Fur-
ther, Laurence (1998, p. 109) points out that “tota Italid #re use of ethnonyms... stressed

the distinctness of the Italian peoples yet united thentipally with Rome at the center.” The
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extensive network of Roman roads that crossed Italy andhraugh the Empire made trans-
portation of goods, movement of people, and exchange o$ideaveen Rome and the Empire
that much easier (Laurence, 1999). The roads connectegnetp one another, connected
Italy to the provinces, and contributed to the heteroggraitethnic backgrounds in the city
of Rome. A proper study of ethnicity and identity in ancieminfe is beyond the scope of this
work, as there is significant primary literature and recesbsdary literature in both philology
and archaeology (e.g., Laurence and Berry, 1998; HuskjriZ0; Hales, 2003). By the end
of the 3rd century AD, however, the extension of Roman aiishep to every person in the
Empire became the primary way by which people organized andeaived of themselves as
Roman (Laurence and Berry, 1998). The population of Italg m@longer more politically in-
fluential than that of the provinces, and the people of theiEsicame more geographically

dispersed.

2.2.2 Rome and ItsSuburbium

By the early 1st century AD, the 14 Kraity of Rome had a population of between 750,000
and one million people living within its walls and an additad 300,000 to 500,000 people
living in the periurban area just outside the city walls (&vigan, 1969; Hopkins, 1978; Morley,
1996; Storey, 1997b; Scheidel, 2001). The canonical mddebme as an urban center was
created by M.I. Finley (1981), who adapted Max Weber’s ide#he consumer city to the
ancient Mediterranean. In recent years, classical schblare demonstrated the inadequacy
of this economic model for understanding sociopoliticaeractions in both Rome and the
Empire (Whittaker, 1995; Morley, 1996; Lomas, 1997; Sto2806).

The concept of the city of Rome as a monolithic, spatiallyides area of Italy has been
challenged by archaeologists and historians interestéigeisuburbium a term that literally
means the area below or outside the walls of Rome. Althoughatbrd is infrequently used
in ancient literary accounts and thus difficult to define,ghburbiumwas thought of as a part

of the city (urbs) that performed certain functions (Champlin, 1982). Urpmners note that
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suburban sprawl has been common since antiquity as a “rgggbautside the city that housed
activities and individuals that were still intimately carated with the social and economic life
of the city but that could not be accommodated easily withig walls” (Bruegmann, 2005,

p. 21). The Roman suburbs were an extension of the city jitpetfat the same time a liminal

area between the city and the rural countryside, repletenoads that led to far-flung parts of
the Empiré?

The Greek historian Dionysius of Halicarnassus (4.13)imgiin the early Imperial period,
commented that the suburbs of Rome were so large that they @a the impression of a
city stretching out indefinitely. Theuburbiumwas therefore neither rural nor urban, and has
largely been defined by contemporary scholars of ancienteRdine limit of the Romanirbs
is generally taken as the walls of the city, but there is naigedemarcation of the end of
the suburbiumand the beginning of the rural countryside. Quilici (197éd¢s the suburbs
extending perhaps 5-10 km from the city walls, and Chamd®8@) as a few kilometers.
Witcher (2005, p. 121), on the other hand, defines asulherbiumas “an ‘urbanized’ version
of the countryside” and draws its limit at a radius of aboutks® from Rome because of
the distinctive settlement patterns and material cultaumdl in the region (figure 2.4). In this
scenario, theuburbiumincludes cities like Portus Romae and Gabii in a web of irepethdent
urban and suburban development.

Archaeological field surveys suggest that population dgngthin the suburbium while
not on par with that within the walls, was still exceptioyaiigh, holding about one-third of a
million people (Morley, 1996; Witcher, 2005). The resideat this area lived in either poorly-
built, crowded dwellings or in large, expansive villas, izating the dichotomous use of the
suburbiumas both inexpensive housing for those who could not affdsddwelling and pala-

tial estates for those wealthy city-dwellers who wantedetex outside of the busy metropolis

°The five-volumelLexicon Topographicum Urbis Romae: Suburbjumareaftedl TURS contains a wealth
of information about a variety of archaeological featumeghis area, including roads, aqueducts, cemeteries,
monuments, and villas. The cemeteries of Casal Bertone astklaccio Europarco, however, are not included
in this work, both having been recently excavated.
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Figure 2.4: The RomaS8uburbium

of Rome (Champlin, 1982). Land use in this area also includadyinal businesses excluded

from the city for religious or public safety reasons, suclslasighterhouses, brick-making fa-

cilities, quarry pits, landfills, and cemeteries (Witch2005). A peak in both suburban and

urban populations during the Imperial period would havegraat pressure on thteiburbium

and its lower-class residents to accommodate additionaihg, infrastructure, and cemeteries

(Carafa et al., 2005). Archaeological field survey is bemigrto flesh out details of life in the

suburbium but the majority of our information is still inferred fromdtorical sources.

Movement within and between tliebsandsuburbiums known mainly from the elite, who

wrote about their need to escape the claustrophobic cittheahealthy air of the countryside

(Champlin, 1982). The life of leisure in the country and tloditgeal life of the city were both

within reach for the elite (Morley, 1996). For example, Pkmrote a lengthy letter to his friend
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Gallus extolling the virtues of having a villa in tleeiburbium It is worth excerpting a large
part of that letter in order to illustrate the infrastruewf the road network, the ease with
which the elite could travel between the contexts of city smiourbs, and the ability to procure
necessary items without traveling long distances.

You are surprised, you say, at my infatuation for my Lauremgstate, or Lauren-

tian if you prefer it so. You will cease to wonder when you aie the charms of

the villa, the handiness of its site, and the stretch of sha@mmands. It is seven-

teen miles distant from Rome, so that after getting throdgyoair business, and

without loss or curtailment of your working hours, you canagal stay there. It

can be reached by more than one route, for the roads to Laureahd Ostia both

lead in the same direction, but you must branch off on the &t the fourth, and

on the latter at the fourteenth milestone. [...] The neighlmy woods furnish us

with abundance of fuel, and other supplies we get from a gobdi®©stia. The vil-

lage, which is separated only by one residence from my owplss my modest

wants. [...] The shore is beautified by a most pleasing wagévilla buildings,

some of which are close together, while others have greavials between them.

They give the appearance of a number of cities, whether yew them from the

sea or from the shore itseif Pliny, Epistulae 2.XVI#

Many of the elite of Roman society experiencedsbburbiumn the way Pliny did, but the
lower classes likely had a different experience. Roads dfatjgs were equally open to them
as to the elite, but much less is known about the frequencytura of mobility of theplebs
urbana(urban lower class) and th@ebs rustica(rural lower class) between Rome and the
suburbs. People living in the more rural contexts ofghburbiunoften came to the city to sell
or buy goods at markets and fairs (de Ligt, 1993). WitcheD&®. 132) additionally argues
that the permanent migration that maintained the populaifahe city of Rome largely came
from thesuburbium It is also likely that people living in the city traveled aithesuburbium
perhaps to engage in agricultural labor or skilled tradasHss brick-making), but there are
no specific references to mobility in this direction in thethrical literature (Witcher, 2005).

The relationship between the city of Rome and the mixed-tesz laeyond its walls is eco-

nomically complicated. This dichotomy of rural productigrsus urban consumption is quite

3Translation by J.B. Firth (1905).
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hoary and belies the blurring of land use in wburbiumin particular. There is little histor-
ical and archaeological information about movement betvibese two contexts, particularly
among the lower classes, although modern migration thewows that a bidirectional flow
of people is most intense in periurban areas such asuherbiumof ancient Rome (Tacoli,
1998). Migration to the city of Rome can therefore take plaica variety of scales: from outer

areas of the Empire, from other cities and regions of Italg, filom thesuburbium

2.2.3 Neighborhoods and Households of Rome

In the same year that he restructured the regions of ItalyQy, Bugustus launched an ur-
ban renewal program in the city of Rome, in regard to whichelterinoted that he had turned a
city of brick into a city of marble. Prior to the Empire, Romadhonly four regions with several
neighborhoodsvci) in each. The lower classes of society were the primary geagiive in
local cultic and other neighborhood activities. Shareaiettdentity and religious background
characterized theici of the Republic, geographical spaces that comprised amizigg mech-
anism of lower-class society by which they could particgaatirectly in the politics of Rome
(Lott, 2004, p. 4-5).

Augustus’ reorganization of space in the Imperial capitebted fourteemegiones(fig-
ure 2.5), areas of social and civic life rather than the nyaieligious entities of the Republic
(Lott, 2004, p. 9). Communities of the lower classes in urBame were further divided and
cross-cut into social groups by a variety of cultural fasteuch as occupational guildsof-
legia) and eligibility for the grain dole (Lott, 2004, p. 11). Néigorhoods, however, seem to
have had no clear boundaries, even following Augustus’ gaanand it is generally unknown
who lived in which area (Noy, 2000). That is, physical looatmight not have been the only
factor in identifying with a particular neighborhood (Lo#004, p. 26). In short, the four-
teen neighborhoods under Augustus reflected the changhs Bize and composition of the
population of Rome.

With population size and density reaching their apex andpieff of immigrants coming
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Figure 2.5: Regions of Rome

from all areas of the Empire, neighborhoods became lesgiassd with common ethnicity
and religion and more heterogeneous in composition. Aljhone have archaeological and
epigraphical sources that deal with the definition and adtration of neighborhoods in the
Imperial city (Lott, 2004; Nicolet, 1991), it is still diffidt to envision a peopling of and move-
ment within this urban space. The ability of the lower classluding slaves, to move among
different areas of the city does not seem to be a popular sidjscholarship; presumably, the
plebs urbandrequently traversed Rome’s streets for reasons both aticugal and social, and
many likely changed residences during their lifetimes. ldarmobility in Imperial Rome can
therefore be seen at all scales of political and social argéion, and it is to a characterization

of the forms of mobility that | now turn.
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2.3 Human Mobility in the Roman Empire

Against the dual thematic background of an increasinglpefised geographical area and
wholesale reorganization of space in the Empire, the natineman mobility within and be-
tween these spaces and places is often overlooked. Inydartikittle is known about migration
to the city of Rome or about the migrants themselves, as #rerneo census data listing number
and origin of foreigners at Rome. The general context ofesagand the mechanics of the slave
trade are reported in the primary literature, but the exypees of slaves at Rome are rarely de-
tailed. Similarly, the movement of the free lower classeRtwmne from the provinces, from
Italian regions, from thesuburbium and within the city itself is especially woefully under-
researched, in spite of tantalizing bits of literature sashSeneca’s description of a Roman

population half composed of nonlocals of all social classes

Every class of person has swarmed into the city that offegh prizes for both
virtues and vices. Have all of them summoned by nhame and as&abf. ‘Where
do you come from?’ You will find that there are more than halbviave left their
homes and come to this city, which is truly a very great ang beautiful one, but
not their own.- Seneca, ad Helviam, 6.243

The scholarly study of migration to Rome, particularly amaome lower classes, has largely
been the domain of historical demographers, who have miacsiiae available evidence of
tombstone inscriptions and records pertaining to the dia@ade to investigate directional mi-
gration. Using demographic modeling techniques to recoatsthe size and composition of the
population of Rome, these researchers have provided wdldérgent estimates of the number
of migrants, both voluntary and compulsory, at Rome. Funtioee, the nature of mobility
within and between thsuburbiumand theurbscomplicates both the definition of migrant and

our understanding of population interaction within thg&rurbanized area of Rome.

4Translation by J.W. Basore (1928).
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In this section, | present the information currently avalgaon types of migration to Rome
within the geographical structure presented in section ZI2e sources detailed below pro-
vide a significant amount of information about human mopiic Rome during the Empire,
a phenomenon sometimes called “centripetal migrationhé®iel, 2004). Migrants to Rome
came voluntarily and by force. They came from provinces ef Bmpire, regions of Italy,
and thesuburbium Not everyone was interested in permanent relocationgkra@ammuting,
and transhumance brought individuals to Rome for shorbdsrof time. Basic knowledge of
migrants drawn from historical sources can provide paatiswers to questions such as: Who

were migrants to Rome? Where did they come from? How oftethaig move?

2.3.1 Defining Roman Migrants

The beginning of the Empire marked a relative peace throuwigihe land. AugustusPax
Romanan effect created a contiguous geopolitical area in whiobpbes of the Empire could
move freely if they had the financing necessary to undertakb & move. Freed from the
threat of war, provincials could come to Rome and inhabstanitaly and the urbanized area
of Rome could move to the provinces to start new lives. Thestfucture of the road system,
the possibility of sea travel, and the spread of the maté&aglpings of the Roman Imperial
system throughout the land meant that there were few tratadjom or ideological barriers to
movement. Further, the legacy of numerous wars of exparbetnresulted in captives and
slaves meant that the Roman population was already quiéesgivn its geographical, ethnic,
and cultural background before the beginning of the Empire.

The most thorough secondary resource on immigration to Risnbavid Noy’s (2000)
Foreigners at Romewhich forms a large part of this discussion of the context g/es of
movement to Rome, particularly during its tenure as the hapeapital. Noy (2000, p. xi)
defines a foreigner as “someone who was born outside Italyreovéd to Rome but continued
to have a ‘home’ (in their own thinking or in other people'tgeavhere.” This term is distinct

from immigrant, which implies movement to a destinationhathie intention of staying more
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or less permanently (ibid.). In looking at the primary higtal evidence, however, it becomes
difficult to find a Latin term that includes the shades of magmmplied by our English concept
of foreigner. Archaic Latin originally used the wohwstisfor foreigners, referring to them as
guests; this term, however, later came to refer to an enenoait 2006). In the Empire,
provincialis could refer to the inhabitant of a province but not to induats who came to
Rome from beyond the Imperial boundaries (Noy, 2000, p. e [atin term most similar
to our concept of foreigner or migrant is probalpgregrinus Noy (ibid.) implies that the
original use of this term conveyed the lack of citizenshig, following the edict of Caracalla
in 212 AD that granted citizenship to all members of the Emine ternperegrinuscame to
mean anyone whose birth place was not at Rome.

The discussion of words for foreigners highlights by omdasihe fact that slaves were
thought of differently, namely, as a different class of raigs because of their compulsory
movement to Rome and legal standing. In fact, scholars ssi¢tog (2000), Moatti (2006),
and Erdkamp (2008) deal only with free immigrants, optingitav slavery as a special kind of
migration that has to be treated separately, as a distiraspdric phenomenon. Nevertheless,
Noy (2000, p. 4) notes that migrants to Rome can in theory bénpaithree sociolegal cate-
gories - slaves, soldiers, and civilians - but that “in piagtthere were permeable boundaries

between them.”

2.3.2 \Voluntary Migration

Noy (2000, p. 26) estimates the percentage of free migrarReme in the third century
AD, the time period in which the upper limit of the populatiohancient Rome was probably
reached, at 5%. Of this, he thinks 2% represented soldiersheair families and 3% civilian
provincial immigrants. However, these numbers only applyndividuals coming to Rome
from outside of the Italian peninsula.

Voluntary migration from the provinces to Italy is theregghe major focus of Noy’s work.

He admits that the scale of migration could have been latgar his figures account for, but
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suggests that this kind of migration “was probably not a Maaiption for the really destitute”

(Noy, 2000, p. 57). As shown below, once migration from otfegjions of Italy to Rome and

the percentage of imported slaves in Roman society are atabior, the total of the Roman

population that was born elsewhere is closer to 40-50%. $Nmain discussion of reasons
that people voluntarily moved to Rome therefore relatehiéosmall number of people who
immigrated to Rome from the provinces.

Noy finds in the epigraphical record that there are two ma@mtbs in terms of motivation
to migrate: push factors relating to an individual’'s speddémporal, geographical, and socio-
cultural context and generalizations about the pull factidfrRome. These themes are broad
sketches of what were undoubtedly multifarious reasonarigrgiven individual or family to
move to Rome, but there are very few documents that recordamtij decision-making pro-
cesses (Noy, 2000, p. 86). Thus, Noy (2000, p. 87) uses tloeytioé push and pull factors
influencing migration (Lee, 1966) to argue that people migitdintarily leave their homes be-
cause of economic decline, loss of employment, culturahaliion, or natural disaster. Pull
factors that might induce people to immigrate include etteployment opportunities or the
attraction of a new environment. The pull factors of Rome lizae been attested in the histor-
ical record include: the city as the center of liberty; thy @is a more interesting environment
than a small town; and Rome as a place to obtain better physadth. Noy (2000, p. 87)
does not further delve into reasons that Rome might be a daaing that “the attractions of
Rome are well documented in the ancient literature” by suthas as Seneca. For the lower
class, pull factors of Rome are not clearly known. The preserfithe grain dole and expanded
citizenship, however, could have led to migration to theitedgScheidel, 2004). Similarly,
push factors are almost never recorded. Augustine (354ALB0for example, notes that he
was dissatisfied with life at home in Algeria, but informatide this on the decision process
is extremely rare for the elite and erudite and nonexistentte lower classes (Noy, 2000,
p. 86).

The notion of voluntary migration to Rome as laid out by No9@Q) hinges on the idea
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that people in the provinces made a conscious choice to nooRerne. It is extremely diffi-
cult to recover reasons for migration in the ancient world, Historical documents give some
indication as to possible characteristics of the city of Rdhmat might have enticed outsiders.
Immigrants coming to Rome of their own free will, specifigatimigrants from the provinces,
represented a small part of the overall nonlocal populatd®ome. Most of the nonlocal indi-
viduals at Rome were either voluntary migrants from thedtapeninsula or slaves from lItaly

and the Empire.

2.3.3 Compulsory Migration

Quite a bit of research has been done on the practice of glawdre ancient Roman world;
to cite but a few canonical works: Barrow (1928); Hopkins{&9 Wiedemann (1981); Bradley
(1994); Thompson (2003). Recently, however, more schdlave started seeing slaves as
(forced) migrants and incorporating them into a model ofratign to Rome (Jongman, 2003;
Scheidel, 2005). Members of the Roman military and theiiliaswere also given no choice
about the destination of their move, although upon disehadingy could select where they
wanted to live. The number of military personnel that cam&eoone from elsewhere in the
Empire was likely quite small, perhaps 2% of the overall gapon (Noy, 2000, p. 23). On
the other hand, enslaved people at Rome could very well haseuated for up to 40% of the
populace (Noy, 2000; Scheidel, 2004). Some of these indalglwould have beewernae
offspring of a slave mother, but many of them would have commBame from other Italian
provinces or from far-flung regions of the Emptre.

Roman slaves came from vastly different geographical aneasy of them captives of wars
begun by generals and emperors bent on imperialism. TwoeoPtimic Wars, for example,

provided Rome with 75,000 slaves from North Africa; Alpingntpaigns garnered 44,000

5The actual composition of the slave population at Rome wastatic. Following wars, foreign-born slaves
flowed into the city. Within a generation, though, the raficngported slaves teernaecould change as the former
produced the latter. As noted, manumission also changetltméer of enslaved people. The slave population of
Rome, then, is difficult to quantify.
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prisoners; Septimius Severus’ Parthian war yielded 1@¢aPtives who were taken from their
homeland in Iran as slaves; and the Jewish wars providedh@n®©0,000 or more enslaved
prisoners from Jerusalem (Bradley, 1994, p. 33,40). Othgonsources of slaves included
vernae exposed infants, other cultures with slaves to export,(e@stern regions of the Black
Sea, the Caucasus, Somalia, and Egypt), and piracy in théévieshean (Bradley, 1994, p. 33-
39).

The scale of slavery in the Roman Empire was therefore enasmépproximately half a
million new slaves were required for the Empire each yeanf&® BC to 150 AD, in contrast
to the approximately 60,000 per year in the New World slasddr(Bradley, 1994, p. 32). In
Italy, there were about 1.5 million slaves living in the pesula at the height of the Roman
slave trade (Scheidel, 2005, p. 64). There are no definitédortsrior the total slaves in the city
of Rome, but Scheidel (2005, p. 67) estimates between 30@00 450,000 at a time, with up
to 300,000 more at other major cities, such as Pompeii. AB001000 additional slaves were
engaged in agriculture in rural areas of Italy (ScheideQ®2p. 71).

The two general categories of slaves were those who beldodexdiseholds in the city and
those who belonged to households in the country (Bradle§4LAll of the city slaves would
have been engaged in non-agricultural work: domesticsefor the upper echelons of society
and other urban occupations, with domestic tasks defingdoveadly. In addition to unskilled
servants, household jobs required much skilled labor. Pattonal titles of slaves attested in
the literature include, for example: groom, architectgsin surgeon, cook, fuller, secretary,
food-taster, dwarf, courier, weaver, barber, and taileeggiari, 1973). Some rural slave jobs
noted by Columella include: ploughman, poultry-keepeatherd, mower, stableman, reaper,
oilpress worker, vine-trimmer, pig-breeder, and veteiara(Bradley, 1994, p. 60). Slaves
might have felt commonality with other slaves not based ooggaphical origin but rather
based on shared occupations (Joshel, 1992).

Individuals of both sexes and all ages comprised the Ronee glopulation (Scheidel,
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2005). Children worked from a young age in the rural sectoptwning or harvesting fod-
der, and in the urban sector they might be trained in hanitsc(8radley, 1994, p. 68). Men
and women could expect to move up the ranks to different ipositthrough their lives, and
many would be manumitted either before or after the deatheftaster - in their 30s for men
and following menopause for women (Scheidel, 2005, p. 72cabBse of the disparate geo-
graphical origins, demographic characteristics, and s&ik of slaves, the enslaved population
at Rome is thought to have been quite heterogeneous (N0Q).20bis heterogeneity might
have contributed to a lack of common identity or class cangsness, as there were few slave
uprisings (Bradley, 1994, p. 72). Such striking diversitgang slaves also means that it is
extremely difficult to generalize the slave experience imio

Epigraphical and historical records provide some inforamabn the life of the average
slave, more so than the lives of the freeborn poor, but théeewe is very thin (Noy, 2000;
Bradley, 1994). In short, the prospects faced by a slavecreanltaly would have been bleak,
especially with regard to consistent food supply and expogudisease. However, the life of
a slave and the life of a freeborn rural poor person wereyikel significantly different if we
can believe descriptions of peasant life in Vergil, Martigbuleius, and Ovid (Bradley, 1994,
p. 91). Slaves, of course, had no choice about their degtmabr whether their master would
treat them well or with dignity. It has been suggested thated might have suffered greater
mortality than the local free population, in that foreigawds might succumb more easily to
diseases endemic to the Italian population, but this suggpeis drawn from analogy with the
slave system of 19th century Brazil and does not have angrigat or epigraphical evidence
to support it (Noy, 2000, p. 18). It is possible that slaveskiay in low-lying marshy areas
had greater exposure to malaria (Sallares, 2002), but thet@rently no evidence that legal
status correlated with longevity (Scheidel, 2005).

On the other end of compulsory migration is the Roman armidi&s were by and large
engaged in the Empire, keeping watch at frontiers and bsraled keeping the peace in less

friendly areas. The military was mostly recruited from areatside of Rome, so the majority
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of the few stationed at or near Rome were from other areaslyf ér the Empire. As noted
above, Noy (2000) estimates that the military (both so&lard their families) accounted for
about 2% of the nonlocal people at Rome, or perhaps 15,00flgaebhe greatest number of
foreign military personnel at Rome was enlisted as the BPriaet Guard, which might have
composed anywhere from half to all of the 2% nonlocal myitaresence depending on time
period. In the 1st-2nd centuries AD, the Praetorian Guarsl ksagely drawn from Italy, but
in the 3rd century more of them came from provinces such asdtaa (Hungary) and Thrace
(Bulgaria) (Noy, 2000, p. 20-21). Although a lot is known abthe Roman military experi-
ence, the same cannot be said for the experience of the ebbeign Praetorian Guard at Rome.
Unlike normal enlisted men, the Guard interacted with th@emr and his family, and they
commanded a higher salary, one and a half times that of otiheiess (Southern, 2006). The
Guard should be viewed as equivalent to the upper echeloaisilddn society. According to
Noy (2000), however, very few foreign-born soldiers seermdwee stayed in Rome following
retirement from the military, so their contribution to thelaaeological and historical records

is unclear.

2.3.4 Mobile Individuals

On the ninth day, he carried bundles of goods into the cityissioulder, return-
ing from there with a lighter neck but heavier purse since &ellly ever brought
any purchases with him from the meat-market of the eiff2seudo-)Vergil, More-
tum 79-82

It has already been established that mobility was a hallm&fRomanness. Human
movement to Rome occurred from both far-away provinces aadhy Italian regions, and the
structure and characteristics of these migrations have é&gdicated inasmuch as the evidence
allows (Ricci, 2005, 2006). Less often mentioned in secontigrature is frequent mobility

on a small scale, namely the rural-to-urban or urban-talmovement of commuters between

5Translation in Lomas (1996, p. 155).
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theurbsand thesuburbiumor hinterland of Rome (Erdkamp, 2008).

In his letter to Gallus excerpted on page 23, Pliny explaihg e enjoys traveling to his
Laurentine villa and how easy it is to reach it after a day’skna the city. Many members of
the upper class had villas outside the city to which theyedtiorotiumandsalubritas- health
and relaxation. At the opposite extreme, the pddoretum commonly attributed to Vergil,
recounts a day in the life of Simulus, a peasant in the cosittey Lines 79-82 excerpted
above indicate that the (presumably free) peasant trateli city every nine days to sell his
produce in the urban marketplace, which would not have baamasual method of making
money as a smallholder (de Ligt, 1993; Erdkamp, 2008). Sisitthen returned home with
cash in his pocket, as he made sure not to spend it on luxunsiti&e meat while he was
in town. Other occupations could bring individuals from théurbiumto the city, such as
jobs in the education, construction, and craft sectors [@§0d997). Lower class people who
could afford tombs outside the city walls often cultivated tand, which would have required
frequent travel to the plot along one of the main roads (Morl®©96, p. 95). Members of
the upper class might similarly have lived in the countrgdiok most of the time and come to
the city to take care of political or legal matters (Witch2005). Members of the lower class
might have lived in the city but moved into ts&burbiumin order to work as brick-makers,
undertakers, or other professions that were excluded flacity because of the threat to
safety or health that their industries created.

Since the main source of information about migration is tistonical record, very little
is known about the scale of bidirectional rural-to-urbab#n-to-rural movement among the
lower classes. Added to these patterns could be upper- ar{olass individuals who had
frequent contact with their original home. Individualsdilartists and students would have
made their way to Imperial Rome for a limited time. Foreigndgnts, for example, were
required to have a sort of visa which, once obtained, allotlieth to remain in the city for
two years (Moatti, 2006). The city of Rome was therefore cosegl of permanent residents,

temporary residents (e.g., students), and transients (eagelers, market-goers) (Erdkamp,
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2008). Although there is a semantic difference betweentbgand thesuburbiummobility of
the Roman populace meant that in reality there were no desbreterlands, nor a rural/urban
or town/country divide (Witcher, 2005). Migrants, thenefpwould be just as likely to take up

residence in the suburbs as in the city itself.

2.3.5 Places of Origin

There were likely people from all conceivable areas of theplEenat Rome. Patterns in the
epigraphical record emerge, however, when the homelanoglviduals are examined from
tombstones and other inscriptions. Figure 2.6 reproduogsN2000, p. 58) map of the home
areas of freeborn and military foreigners. The majority leé provincial soldiers who died
and were commemorated at Rome were from Pannonia, Gernrashyi taace - in general,
provinces northeast of the Italian peninsula. These pomarwere some of the last to be
added to the Empire, and civilian immigration is also knovamt this area (Noy, 2000, p. 59).
Civilian immigration mostly came from the remainder of thafire, however: older provinces
such as Gaul, Hispania, Egypt, and Asia Minor. Noy (20009966) further breaks down the
civilian immigrants into pagan and Christian, the lattemdfich came to Rome mostly from
Greece, Syria, and Palestine.

Migration owing to slavery generally coincides with arehatthad protracted wars with
Rome and whose people were captured. Whereas the earéiest it Rome were Italians,
the earliest non-Italian slaves were likely from Gaul andgdinia. These provinces, however,
were also sending free migrants by the Imperial period. @éand eastern Europe sent many
slaves to Rome and rural areas of Italy until the time of Trgfdoy, 2000, p. 213). More
specifically, German slaves came in large numbers in thg éatlcentury AD, as did slaves
from Dalmatia, Pannonia, and Thrace. In 106 AD, Dacia waexeh, leading to a significant
wave of slaves during the early 2nd century AD (ibid). Onasstheastern European provinces
were sufficiently under Roman control, however, the miitaegan recruiting men from this

area (Noy, 2000, p. 214). In the late 2nd century AD, Septinsiaverus took on the Parthians
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Pannoni

From Noy (2000), Map 1. Type A = Mainly military (1st-4th ¢ AD)ype B = Mainly
pagan civilian (1st-3rd ¢ AD). Type C = Mainly civilian, substial Christian/Jewish (3rd-5th ¢ AD).

Figure 2.6: Epigraphical Evidence of Homelands of ForeigineImperial Rome

and gained a significant number of captives, and Rome erktala@ge number of people from
Jerusalem following the Jewish Wars (Bradley, 1994). Ssilaees could be created by wars,
piracy, infant exposure, or simply selling another humaimdpésuch as one’s daughter) into
slavery, these individuals came to Rome from all ends of tingike.

Finally, it should be mentioned that the movement of freabeoldiers, and slaves within
Italy is basically unknown. Noy (2000) treats the entirefyttee Italian peninsula as short-
distance migration, even though points to the north andhsaete up to 600 km from Rome.
There are records of elite authors hailing from regions sischuscany and frequently returning
there, but the lower classes and slaves do not get noticedstoryh The quantity of migrants

from Italy and their homelands are thus not known as well asdlof slaves and soldiers.
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2.3.6 Theories of Migration to Rome

Movement in the Empire has been split by researchers intdessef dichotomies that are
used, either explicitly or implicitly, in the secondaryeliiture. The reason for migration can
be seen as either voluntary (free citizens) or compulsoiiitény service and slavery). Im-
migrants are often classified as either short-distanceétifrom Italy) or long-distance (those
from the provinces of the Empire). Length of stay at Rome gmaople can be called travel-
ers (short visit) or immigrants (permanent relocationpafy, frequency of visitation to Rome
is sometimes taken into account. Commuters are usuallyotkericlass who live in theub-
urbiumand come to the city to work or to attend markets or sportirenes; but could be elite
like Pliny who routinely retire to country villas; these imluals move frequently between two
contexts. Seasonal workers in the agricultural sector tlhghmobile during certain times of
the year. Itinerant occupations such as musician, teachshepherd might bring individuals
to Rome a bit less frequently, perhaps once every year or.more

The understanding of migration to Rome has therefore beendd primarily by modern-
ization theory (see chapter 3 for further discussion). Is thew, areas that send migrants
are different from areas that receive migrants, and themiffces are usually presented as di-
chotomies, such as the provinces versus Rome or rural varbas contexts. This approach
also utilizes push and pull factors that govern out- and igration, respectively, usually re-
lated to economic issues or to the excitement of life in tig ®ome is seen as an economic
draw for free migrants by both Noy (2000) and Erdkamp (2008), aas noted above, Noy
(2000) cites numerous attractions of the city that mightehemticed people to Rome. The
primary limitation of this approach is that contemporarygmation research has found that a
migrant’s motivation to move is not as simple as the redngtadichotomies that moderniza-
tion theory implies. The secondary limitation is, of couttbat this approach to understanding
migration to Rome can only be used for free migrants, whoesgmted a small fraction of the

foreign population at Rome compared to slaves.
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2.4 Conclusions

Mobility is a defining characteristic of the population oétRoman Empire (Braudel, 1995;
Horden and Purcell, 2000; Scheidel, 2004), but migratioRdme has been studied only from
the sparse and biased historical record. Further, manyapyiand secondary sources ignore
bidirectional migration entirely and instead focus distos of migration on Romans in the
provinces (Brunt, 1971; Stambaugh, 1988). Movement thiaggace occurred at a variety
of scales. People came to Rome from the suburban area atoénadn other regions of Italy,
from provinces of the Empire, and beyond. Voluntary migsaare known through epigraphical
evidence but generally represent the higher social clafisasite, wealthy citizens. Compul-
sory migrants, on the other hand, are less well known in gditee fact that slaves made up
about one-third of the entire population of Rome. When nmitgarrived at Rome, they might
have been assigned a household in which to live as a slavenkigegants might have chosen to
congregate with affines in an ethnically homogeneous neigiidod in thesuburbiumor might
have lived in a polyethnic community in the heart of the citfovement between contexts,
such as commuting between thds andsuburbium occurred at all levels of Roman society,
and travelers and other itinerants came to Rome in droveanByarge, movement at all scales
is under-researched and under-theorized, largely owitigetpresence of an historical record
and to the widespread assumption that archaeological nsmannot provide any information
on migration to Rome. The following chapter presents anrapttiogical approach to mobil-
ity during the Empire, which uses contemporary migraticeotty and bioarchaeological data

sources to reframe the questions we can ask about migratRarhe.
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Chapter 3

An Anthropological Approach to Roman

Migration

Migration is an important characteristic of urban centegsgne that has been difficult to
problematize in past societies. Scholarship on contennpangyration has shown that this pat-
terned human phenomenon is linked to urbanization, derpbgradeology, family structure,
and gender roles (Anthony, 1990). In the last couple of desadrchaeologists have moved
away from unidirectional concepts that do not allow for hmragency in culture change, such
as diffusionism and acculturation. This paradigm shiftusoed later in Roman archaeology,
however, and interregional interactions in Rome have nenllee focus of research. Recently,
classical archaeologists have begun to study diasporadiasporic events of both voluntary
and compulsory migrants using the archaeological recordletstanding migration to Rome
requires analysis of a new data set, as epigraphical infiomes strongly biased towards the
literate elite, and the lack of “ethnic” material culturetive archaeological record of Rome is
generally seen as evidence of acculturation. Biochemitallyais of skeletons from Roman
cemeteries can yield information about migration in theealbe of epigraphical and archae-
ological indications. This chapter presents the theaktipproach to migration taken in this
dissertation, identifies the data sources and their liroitatfor investigating migration, and

discusses the pivotal role that mobility plays in recongtng the urban center of Rome.



3.1 Rethinking Mobility in Imperial Rome

Significant changes in migration theory have occurred inptst four decades, and modern
immigrants are now seen as fully contextualized actorsiwighglobal network linked by
economies and communication. While these approaches ta@applied wholesale to studies
of the ancient world, there is merit to using them to develbptéer understanding of migration
to Rome. When the Roman Empire is approached anthropolbgitang all available data
sources, migrants become actors and slaves become dasmbviduals, and the effects of
population interaction on both locals and foreigners caadsessed. A new way of looking
at migration in the Roman Empire is needed, and the theafgigrspectives used to frame
the research questions in this project are a step towardgyseégration as an integral part of

research on the Roman Empire.

3.1.1 Migration Theory in Anthropology

There are three broad ways that migration has been thednzaathropology: modern-
ization theory, dependency theory (the historical-stradtst approach), and transnationalism.
Modernization theory was the main explanatory frameworlaigration in the social sciences
until the 1970s (Kearney, 1986, p. 333). Born out of neoataseconomics and models of so-
cial change, modernization theory is ultimately an expogssf us versus them. Dichotomies
such as folk/urban (Redfield, 1941), traditional/modeity/@ountry, immigrant/citizen, and
push/pull factors form the basis for investigation of mtgra. The individual migrant is of
concern to modernization theory, particularly in termsha tecision to migrate and the way
that immigrants adapt, assimilate, and adjust to their neméh(Kearney, 1986, p. 333). The
origins of this theory also relate to the rural/urban divide it was assumed that movement
to the city meant progress and that an economic equilibrioulevbe reached between the
rural-agrarian and urban-industrial areas (Brettell, @0 119).

An alternative to modernization theory arose in the 196@187Y0s as dependency theory
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or the historical-structuralist approach. Research imocblonial encounter in Latin America
caused social scientists to see urban and rural as connedtrdependent economies of core
and periphery (Kearney, 1986, p. 338). Whereas moderaiz#teory is focused at the micro
level and contrasts the modern and the traditional, depmydbeory is focused at the macro
level, looking at the national and international capitadigstem (ibid.). Rather than focusing
on individual migrants’ motivations to move, dependenayatty looks at both historical and
structural causes of migration (Brettell, 2008). This no#leeory of migration is difficult for
anthropologists to operationalize, however, as deperydbeory does not allow for generation
of local-level research questions. Further, dependereyryhdoes not function well as a way
to understand migrants’ dynamics and relationships widirthome communities (Kearney,
1986, p. 340).

The concept of transnationalism arose in the 1990s as a pemtriritique of the historical-
structural and modernist theories of migration. As defingdtithropologist Caroline Brettell
(2008, p. 120), transnationalism is “a social process Wheneigrants operate in social fields
that transgress geographic, political, and cultural barti@ransmigrants “develop and main-
tain multiple relationships — familial, economic, sociganizational, religious, and political
— that span [these] borders” (Basch et al., 1993, p. 7). Asnthwed became increasingly
globalized, social scientists began to debate the futureabbn-states and sought to address
individual agency in the construction of society (Glick $leh et al., 1995; Horevitz, 2009).
Transnationalism was thus bound up in discussions of patmdy and postcolonialism, with
focuses on the individual and the structure: “newly credtadsnational spaces are sites at
which new and multiple identities are fashioned and a wanébld and new forms of power
or domination are exercised” (Szanton Blanc et al., 199%84). Social scientists using
transnational theories to approach migration focus lesh®big picture and more on “the ar-
ticulation between the place whence a migrant originatdgtaplace or places to which he or
she goes” (Brettell, 2008, p. 114). Or, to view it another yiegnsnationalism is a move away

from previous interpretations of migration as bounded, ttiwbleeconomically, geographically,
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or socially; it is a novel approach to space and place andetartbvement of humans within
and between them (Brettell, 2008, p. 121).

An important concept to come out of transnational theogekdaspora. Although originally
a term that denoted the forced movement of ethnic groupsdofiduals from their homeland,
diaspora has recently been reconceived as a more metaghamit inclusive term. Sanjek
(2003, p. 323) feels that diaspora “occurs when people vatiiy leave their home area for
distant regions within or beyond the state in which theydesiand continue to remain in
contact in various ways with their point of origin,” a defioit that is based on transnational
theories about the nature of community (Brettell, 2008)adpora can still be understood as
caused by forced movement of individuals, but it is also usekfer to migrations because
of trade, labor, and ideology. A key outcome of diaspora & thoften results in heteroge-
neous communities at the destination, variously termegglohic communities, transnational
communities, imagined communities, diaspora communibesliasporic pluralism (Ander-
son, 1983; Appadurai, 1996; Sanjek, 2003; Lilley, 2004,68)0M@iaspora is a useful concept
in terms of migration because it allows for individual aggrean be spatially and temporally
discontinuous, and involves continuing ties to the hone(&anjek, 2003). Current migration
research in anthropology is thus focused on how transredtindividuals create and negotiate

both the structure and their identities (Brettell, 2008).

3.1.2 Migration Theory in Archaeology

In the 1990s, archaeologists began resurrecting studiasgoétion, which had been over-
looked for decades as a result of past diffusionist and fonatist thinking that oversimplified
a complex social process. David Anthony, in a 1990 artiglevegidely cited, noted that “mi-
gration has been avoided because archaeologists lackeiey thnd methods that might allow

them to incorporate migration into the explanation of adtahange, not because migration

10ne of the critiques of transnationalism, however, is thaeglects the forced movement of individuals or
groups of people, such as slaves or refugees (Black, 200&yvitn 2009).
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is regarded as unimportant” (1990, p. 895). Further, Anyhpoints out that modern migra-
tion studies are essential for archaeologists to see pattanovement in the past and that,
although push and pull factors are useful in understandiiggation, ideological and cultural
factors might be equally relevant. Migration is not a ongrwteet, and Anthony advocates
that archaeologists use all available evidence, includiagerial culture, the literary record,
and biological remains, to ask and answer research queg#éathony, 1990, 1997).

A decade after Anthony’s (1990) call to arms, BurmeistetO(®0noted that nothing had
changed with respect to archaeological conceptualizatbmigration? Burmeister advocates
an approach to migration that relies heavily on contempyaragration theory in the social sci-
ences. In assessing the literature, he notes that, in demenaare more likely to migrate than
women, the 20- to 30-year-old age group is the most mobilé tla@ upper classes are more
likely to have the financing to afford long-distance and kbegn moves (Burmeister, 2000,
p. 543). Archaeologists should look for proof of migratiorthe internal domain, Burmeister
suggests, that of social structure and ritual, and he age®@amodel of migration formed by
the demographics of the migrants, their motives for movthg, direction of migration, and
the impact of migration on both the sending and receivingsrén his discussion of theory
appropriate to investigations of migration, however, Beister sees only the macrotheoretical
approaches as applicable to archaeological studies. frgcogration study on the individ-
ual, Burmeister (2000, p. 547) notes, cannot be operatmathl“Neither individual migratory
movements nor personal supraregional networks of relgttips can be traced or reconstructed
archaeologically; in fact, most often not even the exadoregof origin or destination can be
localized archaeologically.”

Both Anthony (1990) and Burmeister (2000) use the word ntigmneato imply a voluntary

process. Slavery is, presumably, a separate phenomenrumias it did not exist in all ancient

2Burmeister (2000, p. 539) further characterizes migralinEuropean archaeology as “an axiomatic pre-
condition of the phenomena observed.” That is, Europeameaaogists in particular generally see no reason to
explain or study migration, as they are more concerned witkipg that it happened through material culture
changes.
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societies. The concept of diaspora has seen increased asshaeological studies, such as in
Stein’s (2002) discussion of trade diaspora between aigadlitore and its provinces, and in
Lilley’s (2006) analysis of waves of migration, which useaspora to discuss the effects on
both the colonizers and the colonized. Both of these exanptavever, use the term diaspora
to mean largely voluntary migration. As noted above, thenitédn of diaspora has cycled
back to its original Greek meaning of a dispersal from itshi®Zdth century denotation of
forced movement, as of Africans to America via the slavedradthe Jewish diaspora from
Israel.

The redefinition of diaspora and recognition that modern eteodf migration can be ap-
plied to the past have caused a veritable paradigm shiftimegological thought about interre-
gional interaction. Yet archaeological studies of mignatare still focused on the group level,
asking questions about why groups of people migrated andgnoups of people assimilated
or maintained a group identity. The obvious next step in @ggning ancient migration is to
attempt to understand the individual migrant, to situagditthmigrant and her lived experiences

within a community and within a culture as a whole.

3.1.3 Migration Theory in Roman Archaeology

The historical tradition of Roman archaeology makes it geited to investigating mi-
gration as both a systemic and an individual phenomenon. eMery as noted in chapter 2,
section 2.3.6, migration to Rome has been discussed, akmheays implicitly, in terms of
modernization theory and in terms of the Victorian ideasisfdry and development that per-
vade classical studies in general. Modernization theomg through decades of previous re-
search, providing explanations for material culture cteainghe provinces and the lack thereof

at Rome, as immigrants assimilated through the processmhdRization.? The push and pull

3The term Romanization was born out of a colonialist perspethrough which archaeologists sought to
understand the adoption of “core” Roman culture by the ‘fgeeral” provinces. This model of acculturation
was unidirectional and privileged Roman material over tfahe so-called primitive communities. In the past
decade, Roman archaeologists have recognized the inl@ases in Romanization and have sought to redefine
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elements of modernization theory are particularly comipglior classicists because they allow
for discussion of the individual's reasons for migratinggrms of the “pushes” from traditional
society and the “pulls” of developed areas (Kearney, 19883B). The city center of Rome is
categorically seen as a powerful draw for free immigrargsjry large part researchers assume
that the reasons Rome is a draw are understood (Noy, 2000ll\fias a field with a rich
historical tradition, it is unsurprising that Roman stuedveould be focused on the motivations
of migrants and therefore embrace modernization theorthoigh it is quite difficult to re-
construct immigrants’ motivations from the epigraphicatard, the largest chapter of Noy’s
(2000) Foreigners at Romeés entitled “Why Did People Move to Rome?,” showcasing what
Anthony (1990, p. 897) has called archaeology’s “paralyZascination” with individual rea-
sons for migration. The modernization theory of migratisna@plied to ancient Rome is an
extension of the classical tradition, one that assumestyhesenore progressive than the coun-
tryside and therefore thaeregrini provinciales andrustici cannot help but be drawn to the
urbs

Roman archaeology is, however, coming around to moderrridgeof migration with a
recent focus on diaspora and diasporic communities, pdatly in Roman Britain. The redef-
inition of diaspora does make studying migration in the Romarld a bit confusing, as both
voluntary migration and forced slavery accounted for the@neent of people to Rome during
the Empire. Further, as mentioned in chapter 2, slaves wiega manumitted and freeborn
people could become slaves, meaning these sociolegabce&egvere not rigid. Nevertheless,
since Roman archaeologists are by and large not doing odsearslaveryper se diaspora
tends to be used in the voluntary sense (Webster, 2008). pboemingJournal of Roman
ArchaeologysupplementRoman Diasporas: Archaeological Approaches to Mobilitg &h-

versity in the Roman EmpiR010), is an important first step in theorizing migratiortlie

the term to include a dialectical framework and bidirecéibcultural negotiation (e.g., Terrenato 2001). Others
argue, however, that even a revised Romanization concpptgents only one dichotomy, that of indigenous
versus Roman influence, and have suggested terms like izagoh” instead (e.g., van Dommelen 2001, Webster
2001). In this often heated discussion, migrants and maraan get lost in the foregrounding of material culture
change.
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classical world and in defining methodologies that can busgloser to an understanding of
the phenomenon. A variety of scholars from around the woadehcontributed papers not
just on diaspora but also on the effects that migration hakeaith and diet. Those who
use the term to imply mostly voluntary migration include RaXoy (2010), who builds on
his earlier book to discuss professional, religious, anktamy diasporas to Rome, and Hella
Eckardt (2010), who questions whether there were diasporitmunities in Roman Britain.
Jane Webster (2010), on the other hand, uses the concetspioda to talk about slavery in
Roman Britain. Disagreement about semantics and a geretalf explication of theories
and methods used in approaching ancient migration indi¢hte additional work needs to be

done in order to advance the state of migration researclagsidal archaeology.

3.1.4 Migration Theory in Roman Bioarchaeology

In this project, | view migration as a patterned human precbat also one that can and
should be investigated at the level of the individual. Samib Stein’s (2002) encapsulation of
the new wave of archaeological conceptualization of mignatmy work combines processual
approaches to data (namely, an understanding of the géopbditructure in which migration
occurred and use of the replicable methodologies of ogjgzband biochemical analyses)
with postprocessual approaches to theory (that is, rdsdact on agency, gender, ethnicity,
and identity). Because of the nature of my data set — humdatakeemains — my approach to
migration is largely microtheoretical in character. Conp®rary anthropological discussions
of transnationalism and diaspora therefore inform thearetestreams of this study, with the
recognition that some aspects of these modern phenomenataapplicable to the preindus-

trial world 4

4For example, anthropologists are interested in conternptr@nsmigrants’ economic ties to their homeland,
such as whether they send money to family back home or owrepojm different nations. Although the prein-
dustrial world on which most archaeology is focused did rlotafor such events, there is evidence from the
Roman Empire that soldiers stationed elsewhere wrotedeti@me, as from Vindolanda (Bowman, 1998), and
that people could send money (Andreau, 1999). Neverthetesgas likely only the elite who had access to these
forms of communication, and the majority of migrants at Rameee members of the lower class.
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The traditional data sets used in investigating migranioame are archaeological remains
and epigraphical inscriptions on tombstones, in additiathé historical record (Dyson, 1988).
These data sources, however, come up short in a variety of.viFdnst, the historical record is
notoriously biased towards elite men, those with money,gypand literacy. As discussed in
chapter 2, while written records can indicate an individualotivation to migrate, by and large
they focus on the elite’s perception of foreigners and sateRome, which is not useful for
understanding either the context of migration or immigsaday-to-day experiences at Rome.

Second, although there have been numerous archaeologigeals of thesuburbium no
solid evidence of immigrants, either free or slave, has Heand (Witcher, 2005). Slaves
in particular were integrated into the household; althotigly had their own quarters, these
were not separate from the main house in the way slave gsavee on Southern U.S. plan-
tations and therefore not recoverable archaeologiéafyrther, no material culture has been
identified that is clearly slave in nature unlike in the SeuthU.S., where certain types and
assemblages of pottery (e.g., Colonoware) are thoughtwte haen generally slave-created
and therefore indicative of a slave household (Webster@R0Without clear items indicating
restraint or ownership, the widespread belief is that SawdrRome were archaeologically in-
visible (Webster, 2005, 2008). One approach to using aotbgeal data to see immigrants
is in investigating the ritual behavior surrounding maajimembers of society. Burmeister
(2000, p. 542) suggests that burial of infants and childfenexample, can be sites of ritual
enaction and therefore might not be outfitted based on somisiention.

Third, the epigraphical record is useful in telling us sfieally when an individual was
commemorated as a foreigner. Noy’s (2000) exhaustivenresatt of free foreigners at Rome

lists numerous geographical origins, shows evidence ofantg of all ages and both sexes, and

SCarandini (1988), however, has suggested in his analysiedettefinestre villa in Tuscany that slave quar-
ters are identifiable in this surprisingly utilitarian dostie structure. His identification references the struztifr
plantations in the Southern U.S. during slavery. | do novkobany specific analysis of structures or objects of
slavery in Rome, however.
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greatly contributes to the argument that migration was taghal part of Roman society. How-
ever, we cannot see foreigners who were not mentioned asosutiieir tombstones. Every
person is buried by those he left behind, but slaves in paatiovould have been commem-
orated at the whims of their masters rather than by their @mmilfes or any ethnic or social
group to which they belonged. The vast majority of immigsaistRome would have come as
slaves, and these are also the people least likely to appéae epigraphical record of Rome.

The major barrier to a study of migration to Rome is therefoiinding concrete evidence
of foreigners, and the absence of material culture andemrittcords has caused research into
migrants at Rome to stagnate. Contrary to the assumptivartizaeological data cannot speak
to the individual migrant (Burmeister, 2000), | start fronepremise that osteological remains
and bioarchaeological context provide a significant amotimiformation about migration to
Rome. These data can be informed by primary source matedagpigraphical inscriptions,
provided authorial biases are appropriately acknowledlyte importantly, skeletal remains
can lead to the identification of immigrants who were nevene@morated epigraphically and
who are archaeologically invisible.

Operationalizing migration to Imperial Rome thus necess# osteological and biochemi-
cal analysis of human skeletal remains. Bioarchaeologivalstigations of migration around
the world have been ongoing for over a decade through thefusteontium and oxygen iso-
tope analysis of dental enamel (Ezzo et al., 1997; Grupe.efi@d7; Knudson and Price,
2007; Montgomery et al., 2000, 2005; Price et al., 1994108022001, 2002; Schweissing
and Grupe, 2003). The basic premise of these biochemichladst which are fully discussed
in chapter 7, is that consumption of food and water resolataspecific geographical location
leaves a chemical signature in the dental enamel that formseglchildhood. An individual
whose enamel isotope results are significantly differesmhfthe local isotope range is consid-
ered to have been born and raised in a different geograpdreal and therefore an immigrant.
Isotope analysis of human skeletal remains is thus the pyimmeethod by which | identify

immigrants at Rome. Each individual is also studied usiagaard osteological methodology
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(Buikstra and Ubelaker, 1994), which yields informationage at death, sex, and disease. In
this way, the basic demographic structure of the immigrapupation at Rome starts to unfold.

After individuals are identified as nonlocal, it is possitdeask additional questions in an
attempt to understand the quality of life at Rome. The disézed of the immigrant population
can be compared with that of the local to investigate whelifeewas more difficult for the
newcomers to Rome, as is suggested by both primary and sayoswlirces. Similarly, dietary
analysis can indicate general trends in consumption of.fdashmigrants, particularly slaves,
were mistreated and underfed, the carbon and nitrogenpsanalysis of their bones could
indicate a diet heavily reliant on inexpensive cereals,ciwmight have led to protein-calorie
malnutrition.

Pushing the data further within a theoretical frameworkafgsnationalism and diaspora, it
becomes possible to assess acculturation from a physacad@bdint. As footnoted above, Ro-
man archaeologists argue about the causes for materiatewhange in the provinces, many
advocating the permanent retirement of the hoary conceRbofanization as a unidirectional
acculturative force. It is unsurprising, then, againss trackground of assumed acculturation
and a lack of “ethnic” and “slave” material culture at Rontgtttopics such as identity, ethnic-
ity, and resistance do not arise in studies of migrants até&xdtowever, Noy (2000) does note
that immigrants might have pursued a “strategy of integrét{ibid., 10) and therefore “it is
possible to look for signs that foreigners at Rome tried &sprve their separate identity, but
much harder to look for signs that they did not” (ibid., 16Blgrants to Rome could look the
same archaeologically as locally-born Romans; howevserade of “foreign” culture does not
necessarily imply acculturation (Stein, 2002). Given thet that immigrants to Rome can be
identified on the basis of their physical remains, analykanother data set is necessary to in-
vestigate identity, ethnicity, or resistance. Burmei$200, p. 542) notes that archaeological
proof of migration can be found in the internal, private damrather than the external, public
domain. Because the internal domain is not directly coretetd the external one, old habits

can persist. Some private practices that immigrants mighstate to material remains at their
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destination include the interior architecture of houséstady practices given similar food re-
sources at the sending and receiving areas, and buridlofto@arginal persons. In this study,
therefore, following identification of immigrants usingtepe analysis, | investigate patterns
of burial between immigrants and locals and patterns i floedways both in childhood and
before death. Maintenance of traditional ways — and theegfceservation of foreign identity
or lack thereof — can thus be investigated in Roman (biog@alogy in a way that has never
before been possible.

Biochemical analyses are far from perfect, particularlyggard to their application to the
geologically complex area of the Romanburbium As further discussed in chapter 8, short-
distance migration cannot be seen through the current naddéke strontium isotope range
at Rome. Additional studies of human skeletal remains wilagly help refine the results of
this initial study, but it is possible that the combinatidigeological complexity and aqueduct-
transported water will stymie a more microscopic view. Rarf neither isotope nor osteologi-
cal analysis can judge whether an individual came to Romanwatily or by force, or whether
that individual was manumitted during life or at what age omarssion occurred. Isotope anal-
ysis is not a panacea to the limitations in the archaeolbgité epigraphical evidence, but its
utility for answering questions about migration to Rome hager been investigated. As Phil
Walker (2000, p. 14) has noted, “By using a series of datacesuthat, standing alone, would
be open to many different interpretations, it is in this waggble to triangulate on what re-
ally happened in the past.” Human skeletal remains, sutpatifferent taphonomic processes
and issues of interpretation than linguistic and matexiaence, can aid Roman archaeology
in establishing a base from which we can formulate hypothasel answer questions about
migration to Rome.

Methodologically, new techniques in bioarchaeology all@io find the biological remains
of individual immigrants, investigate changes at variooes in their lives, and view individ-
uals within the context of the community (Buikstra, 2006heTe is a dialectical quality to this

sort of research, as an individual skeleton is interestngife unique set of information it can
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yield, but only by placing that individual within a mosaic iodividuals can we interpret the
patterns, similarities, and differences seen. Bioarcloggothen, allows us to ask and answer
guestions about migrants at different scales, from theviddal to the group to the larger com-
munity. Contemporary anthropological theories of tratismalism and diaspora are thus best
suited to a bioarchaeological study of migration to Romee ddmbination of all available data
sources about migrants — historical, archaeological, @wlddical — within the frameworks of
geopolitical and population interaction in the Empire ghts research apart from traditional

approaches to migration to Rome.

3.2 The Role of Mobility in the Model of Urban Rome

The consequences of importing millions of slaves duringRepublic and Empire are far-
reaching. In addition to changing the basic demographicamakf the city, foreigners affected
the economic balance, the disease load, and the natureiefysadl of which were interrelated
and interdependent in the urban Roman world. This sectiesgnmts in more detail the effects
that mobility had on Roman civilization, the contributiookthis project, and the need for
research streams that complement knowledge drawn fromigherical and archaeological

records.

3.2.1 Demographic Structure

The three key processes involved in the demographic makieapapulation are fertility,
mortality, and migration. Whereas fertility and mortaldye frequently modeled in archaeo-
logical populations, migration and movement rely much niegavily on situational conditions
(economy, politics) and individual decision making (Chamiéin, 2006). Migration, however,
is critical to an understanding of demography because éctdfthe age and sex characteris-
tics of the recipient population (Burmeister, 2000). Whexttgrns in migration exist, such

as mostly males or large numbers of 20- to 30-year-olds ngotonfind work, the age and
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sex ratios of the recipient population change (Noy, 2000eftel, 2004; Erdkamp, 2008).
Large influxes of people from compulsory migration (diagpaimilarly change the popu-
lation structure at the destination. A contingent of slavesught to Rome following a war
might be disproportionately composed of women and childviea were not killed during the
conflict.

Ancient demographers face a major barrier to inclusion gfration in models of the pop-
ulation of Rome: very little information is available on pulistance population transfers, and
knowledge of short-range transfers is virtually nonexis{&cheidel, 2001, 2004). Some Ro-
man demographers attempt to model migration by analogy etly modern societies (Mor-
ley, 1996), but those figures do not take into account the ir@flew of slaves in the Empire.
For Rome, there are no census data on free foreigners, there thorough accounting of
importation of slaves, and epigraphical references to l@mas on tombstones privilege lit-
erate, elite males (Scheidel, 2001). The dearth of hisibrecords of foreign-born people at
Rome frequently prompts comments such as Parkin’s (19923%): “Migration in particular
requires careful consideration, though | cannot see howkoawledge of it will ever be so
adequate in demographic terms as to make it possible to krintp the basic equation for
natural population growth.” Other Roman demographers,dvew look forward to develop-
ments in information-gathering from a completely new datarse: human skeletal remains.
In his chapter “Progress and Problems in Roman DemograVajfer Scheidel (2001, p. 48)
notes that “in the future, appraisals of migration will bBinieom the biomolecular analysis of
skeletal remains, which may shed light on geographicalquauce.”

Studies of demography in the Roman would would thus bengjitifscantly from addi-
tional information on migration and mobility. Identificati of migrants in groups that are
notoriously excluded from historical records — particlylédne lower class, slaves, women, and
children — is next to impossible. The way forward in Roman dgraphy with respect to mi-
gration is large-scale analysis of human skeletal remaAnslysis of a variety of isotopes in

the human skeleton can both isolate people who were not bétarae and approximate their
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geographical origins, which can be coupled with a standstelodogical profile of age-at-death
and sex. Skeletal analysis is currently the most promisavgavenue of demographic research
in Rome. The contribution of this project to Roman demogyapluetailed in chapters 11 and

13.

3.2.2 Epidemiological Issues

Since mortality is a key factor in understanding the popoihastructure of ancient Rome,
anything that affects mortality rates is therefore of catiimportance to our knowledge of
demography. Epidemiology, or the study of health and des@aa population, requires infor-
mation about population interaction, particularly in istigating infectious diseases. Different
populations have differential susceptibility to disease] the commingling of people of vastly
different geographical origins at Rome opens up the pdigibf pathogen transfer on a mas-
sive scale. The three major diseases that likely affectedRibiman population and caused
widespread morbidity and mortality were the same that s#feampoverished areas of third
world countries into the 20th century: malaria, smallpoxd &uberculosis (Morley, 2005).

It is well known that ancient Rome was an area of endemic nag|&ellares, 2002). Cicero
and Livy note that Rome was founded on seven hills becausedlaavas healthy; indeed, low-
lying areas with stagnant water are more likely to have mibsgsicarrying malaria than higher
elevations. Although Galen commented on quartan fever @mkpred an understanding of
the disease, nothing was known in antiquity of differensiaceptibility to malaria. Decades
of research in the 20th century has confirmed that heteraiygfor the sickle-cell trait con-
fers protection against the malaria-causing pard&asmodium falciparurby interrupting its
reproductive cycle. This genetic mutation is largely agged with African peoples, although
it is present in Mediterranean peoples as well. SimilaHg, genetic condition thalassemia is
present chiefly in people of Italian and Greek descent, asdhbught that this disease confers
protection against the dangeroRkismodium falciparunby making people more susceptible

to the less virulenPlasmodium vivaxMigration of individuals from non-malarial areas of the
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Empire, such as England, could bring people with no genetvar@tage into a region replete
with malaria, resulting in differential mortality. On theéher hand, individuals who migrated
to Rome from malarial areas of Africa might be less suscéptibthe disease than their local
counterparts.

To provide another example of the possible interplay betwagrants and disease, it is
thought that the Antonine Plague, which swept through them&oEmpire from about 165-
180 AD, was a pandemic of smallpox that the Roman army broogtk from campaigns in
the Near East (McNeill, 1976). Pathogens migrate when geopgrate, resulting in signif-
icant levels of mortality from infectious disease in popigias never before exposed. If the
Antonine Plague was indeed smallpox, certain segmentseofaiteign population at Rome
might have had lower levels of morbidity and mortality thae tocals. Modern anthropolog-
ical and clinical findings have shown a relationship betwieleod type and smallpox: those
with A and AB blood types are more susceptible than those Bidmd O types (Berger et al.,
1989). Blood types are related to geographical origin, &itmgh frequency of the B blood
type in central and eastern Asia but moderate frequenciesnitral Africa and eastern Europe
(Cavalli-Sforza et al., 1993). Migrants are known to havenedo Rome from these areas and
might have enjoyed a genetic advantage during a plague digma

As mentioned, there is some historical information on thespnce and prevalence of dis-
eases in antiquity, as well as a growing body of secondamsalitire in the last decade (Patrick,
1967; Grmek, 1989; Sallares, 2002; King, 2005; Morley, 200%o0 research has been done,
however, on the disease load of different populations at&kom

Studies of modern immigrant mortality patterns find that@ame cases immigrants fare
better than the local population, and in some cases they dgeewGookson et al., 1998; Mar-
mot et al., 1984; Singh and Siahpush, 2002). Better healttomes might be obtained by
immigrants who journey to their destination to seek mediea¢ or to escape a disease-ridden
homeland. People who came to Rome from an area of the Empineewdemic smallpox or

high levels of anthropogenic lead, for example, might haag & good health outcome in the
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city. Longitudinal studies have shown that immigrants t® thS. in the 20th century have a
higher age at death and lower incidences of obesity and termaon than native-born Ameri-
cans (Singh and Siahpush, 2002). Cultural factors mighe kamilarly been at work at Rome;
local elites who enjoyed a hedonistic lifestyle might haietcht earlier ages than immigrants
unaccustomed to such excesses. On the other hand, envirtairard cultural factors could
affect whether the immigrant or the local population is msusceptible to diseases and con-
ditions (Marmot et al., 1984; Cookson et al., 1998). Immigsao Rome might have poorer
health outcomes than locals owing to a variety of envirortadactors. Famine or dehydra-
tion during the journey to Rome might leave some immigrantpaor health upon arrival.
People displaced by the eruption of Vesuvius in 79 AD mightehaade their way north to
Rome, many in poor health because of the environmentaltefféfcash and lava, suffering
from conditions such as fluorosis (D’Alessandro, 2006). $tuely of morbidity and mortal-
ity of immigrants in the contemporary world has indicatedttgenetic, environmental, and
cultural factors are all necessary parts of the epidemyjotd@ population.

Slaves and immigrants to Rome are often assumed to haveesliffem disease dispropor-
tionately to freeborn and elite Romans (Noy, 2000; Burneeis2000), but other researchers
suggest this assumption is untenable (Scheidel, 2005;aBrdk2008). Information on the
guantity of migrants at Rome and their homelands could tbereaid our understanding of
the disease load of the population, morbidity and mortaétyd the concomitant change in
demographics resulting from disease-related deaths. prbject contributes to the current
knowledge of disease in the past through a palaeopathalaialysis of the skeletal remains

of both migrants and locals (chapters 5 and 11).

3.2.3 Slavery and Diaspora

The slave population in Imperial Rome constituted a sigafieninority group, making up
perhaps 30-40% of the population (Noy, 2000; Scheidel, 0U%ey were only a cohesive

social group, however, in terms of their legal status. Argpbn any region of the Empire
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could be made a slave through war, piracy, or other meandagessat Rome were likely an
extremely diverse group in terms of cultural and geogragtbackground. Most researchers,
however, simply note that the slave population at Rome wisdgeneous and do not elaborate
further (Noy, 2000; Bradley, 1994). For such an importaougrof people at Rome, we know
very little about the sex ratio of slaves or their precise blands. We do know a significant
amount about the structure of slavery in the Roman world figstorical records, but there is
very little from the perspective of the slave, save someripgons on tombstones.

The biggest barrier to investigation of slavery in the Romamld is the assumption that
slaves are invisible: not just absent from the historiesuhidentifiable archaeologically (Web-
ster, 2005, 2008). Diasporic events are known to have ekigtevhich tens of thousands of
slaves were sent to Rome from a newly-conquered land. Fgergislaves in the absence of
historical records, epigraphical information about a peislegal status, or material remains
of artifacts of restraint is a heavy burden for archaeolaglgdgar but an avenue that demands
further research. Even given the fact that immigrants caiéetified in the archaeological
record in spite of the lack of traditional evidence — whiclpisven in the remainder of this
dissertation — a person’s status as a free migrant or a dastél ionly a guess. Manumission
further complicates identification of slaves (Scheide§2)9 A young adult enslaved following
a war and freed in his 30s might spend only a decade in slaVely.necessary therefore to
begin investigating slavery from the basis of a better ustdeding of migration to Rome as
a patterned human process. If we do not know the scale of meveta Rome in general,
we cannot know the scale of slavery or see diasporic everttseiimaterial record. Migra-
tion is therefore a critical element in forming a new apptoazRoman slavery advocated by

archaeologists like Jane Webster (2005, 2008).

3.2.4 Social and Economic Pressures

Ancient Rome has often been conceived of as an urban jungleadife, especially for the

slaves and thelebs urbanawas cut short by disease, plagued by interpersonal vie|eartd
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full of uncertainty about the next meal (Yavetz, 1958; Sepli986). The lower classes, like
slaves, are by and large absent from the historical and aotbgical records. By analogy with
other premodern cities, researchers like Scobie (1986 bmated a view of Rome in which
life was nasty, brutish, and short. There is little archagilal research, however, to support or
reject these assumptions.

Migration to Rome of both slaves and freeborn people undaliptput pressure on the
area’s economic resources. Grain was imported in massatigjes, but the number of urban
poor fed by the grain dole fluctuated with economic stabifitglifferent time periods (Garnsey,
1988). One way the Romans sought to deal with economic pessas to expel foreigners
from the city. In most cases, groups of people were expelfechasse based on religion,
nationality, or occupation, and almost all of them were odizens. In the early Empire, 4,000
Jews were sent to Sardinia and others were denied the gren &mme evicted Germans
and Gauls in the 1st century AD following a crushing defeahatBattle of Teutoburg Forest
(Noy, 2000, p. 41-44). Even free migrants at Rome were notumefrom eviction when the
economic situation was dire. A change in residence likelyaded a change in diet as exiles
adopted foodways consistent with the resources in theirloeation (Erdkamp, 2008).

It is not unthinkable that population pressure at Rome wéedd to the spread of disease
with an increase in density of living; nor that social presswould lead to interpersonal vio-
lence as people of diverse backgrounds living in close gugfailed to come to an agreement;
nor even that economic pressure would result in a diet coegposwhatever foodstuffs could
be found in the urban or suburban environment. The probletim @anceiving of Rome as a
urban wasteland is that the historical records do not sugoech an extreme view and archae-
ological information on these topics is virtually nonegist. Migrants formed a significant
portion of the Roman populace, but aside from Noy’s (2000hagwaph, scholars have not
fully delved into questions of what life was like for them. &anigrants a marginalized social
group? Did they live in polyethnic communities or in neighibmods characterized by their

home culture? How did they construct their identity or idiges in the face of the realities of
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life in a large urban center? Is there evidence of resistemskavery?

This project offers a small contribution toward dismissihg notion of Rome as an urban
jungle. Frequencies of numerous diseases and evidencéegbénsonal violence among the
lower classes are investigated in chapter 5. Informati@mutthe diet of the lower classes is
presented in chapter 6. The patterns of diet and diseasediaators of social and economic

pressure, are further discussed in chapters 11, 12, and 13.

3.2.5 Urbanism

Recent scholarship on the ancient city lacks a thoroughoagprto the experience of non-
elite groups living in an urban environment. In spite of mtran a decade of research into
complex societies in the New World, studies of urbanisnhds&l primarily with the economic
and political origins of the state (Smith and Schreiber,&00rbanism in the Old World is
similarly lacking, where the foci remain on urban organ@magnd function as well as craft and
agricultural production (Stein, 1998). A recent attemptrass-cultural analysigJrbanism in
the Pre-Industrial World(Storey ed., 2006) seeks to address the criticism that igivaim
archaeology is undertheorized (Cowgill, 2004). Neverhg] the majority of the contributions
to this volume, patrticularly those about Rome (Paine ande8t®006; Lo Cascio, 2006),
deal exclusively with demography and engage issues sucligaatian, diet, and disease only
peripherally.

Rome is easily identifiable as an urban center in the archgmall record, but the current
model of urbanism in Roman archaeology tells us little alataily life, cultural negotiation,
or the social role of the lower classes who made up the mgjofithe urban center. Ancient
urbanism is not merely a function of population magnitudeés a cultural undertaking by a
variety of people, a multidimensional idea that includegudation size and density in addition
to environmental, social, and economic stressors (Scamwit al., 1995). These dimensions
can be empirically measured in modern populations and averknio be causally related to

one another. It is imperative to assess demographics,sdisslavery, and social and economic
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pressures in Imperial Rome in order to form a new understaafi both the city of Rome and
the experiences and contributions of the lower classes,ampohildren, and immigrants who
are under-represented in the historical record.

Migration is therefore integral to a novel approach to urbanin the ancient world. De-
mographically, during the Imperial period, the populatadriRome was increasing not only as
a result of slavery and natural reproduction but also bexatisentripetal migration to Rome
from the provinces, other regions of Italy, and sheurbium The scale at which rural peo-
ple moved to the cities of Italy, however, is currently unkamdbut must have been substantial
in order to overcome the natural population decrease seethén preindustrial cities (Schei-
del, 2004; Erdkamp, 2008). Epidemiologically, immigrardsRkome could have brought new
pathogens along for the ride, or might have succumbed ingraambers to diseases that had
long been endemic in central Italy (Acsadi and NemesH&T,0). Very little is known about
the disease load of the Roman population or whether immigkaere healthier or less healthy
than locals. Slavery brought millions of people to Rome fraonoss the Empire, yet their
origins and conditions of life while at Rome remain unknownirg to difficulties identify-
ing them in the archaeological and historical records. &lycithe extremely heterogeneous
population of Rome and close living quarters could have deauimerous conflicts, creating a
significant amount of stress for urban inhabitants (Scdl®i86). Migrants could have suffered
disproportionately, as there is historical evidence ofusipn of foreigners and poor attitudes
towards nonlocals at Rome (Noy, 2000). Finally, the growpogulation of Imperial Rome
taxed the local resources, and lower-class individualddvoave suffered more than the upper
class in terms of shortages of food and jobs. Although Ingb&tome had a wheat dole for
the lower classes, this allotment of grain was subject tmecoc conditions and likely could
not feed an entire family. Economic stressors would havesstated supplementation of the
lower-class diet (White, 1995; Garnsey, 1999).

By correlating demographic variability with environmelptconomic, and social stressors,
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this project challenges the current thinking about how thian environment affected lower-
class inhabitants of Rome. Environmental stress is diresthmined through palaeopathologi-
cal analysis, economic stress is investigated throughmjiehoice as revealed by stable carbon
and nitrogen isotope analyses, and social stress is igedsti through heterogeneity of the Ro-
man population as revealed by strontium and oxygen isotoplyses. Results indicating the

nature of cosmopolitan Rome are presented in chapter 13.

3.3 Conclusions

Migration has arisen as an important global issue in a waoétdisciplines in the last
decade (Brettell and Hollifield, 2008). Although migrantelanobile individuals composed
a large portion of the population of ancient Rome, migrafisra process is under-theorized,
and approaches to understanding the phenomenon are cotdifreé migrants’ motivations
to move. The importance of mobility in the Roman Empire cdrbeoverstated. Migration
affected the demographic makeup of the city of Rome and theade load of the population.
Enslaved individuals at Rome were migrants, many of whomectonRome in a diasporic
event. Heterogeneity of the Roman population likely cdmied to social unrest in the city,
as an increasing population density forced diverse pedplastempt to live in harmony. A
quickly increasing population also put pressure on theéscigsources, causing the emperor
to periodically expel groups of people from the city and démgm the grain dole in times of
economic stress. The contribution of migrants to the coeasind maintenance of the urban
center of Rome should not therefore be overlooked.

The historical record of ancient Rome can provide clues &rttotivations of migrant
groups and possible systemic push and pull factors inflagnitie individual decision to mi-
grate. The data sets best suited to this kind of analysisebhenvare biased towards the elite
classes and limited in scope. This project therefore takessdarting point contemporary an-

thropological theories of migration and combines them withknown geopolitical constraints

60



on migration in the Empire. Within this framework, humanIskal remains can be analyzed
biochemically to yield new data on the demography and lifeegilences of lower-class mi-
grants and imported slaves. By combining these lines ofeexid, this project both uses and
refines anthropological ideas of migration. The questidnsigration that this project answers,
particularly in regard to a preindustrial urban center, gpplicable to studies of migrants in
the past and in the present. The bioarchaeological approfatttis project contributes data
and interpretations to the study of Roman migration as botindividual and a systemic phe-

nomenon.
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Part Il

Bioarchaeological Evidence
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Chapter 4

Context of the Populations

The use of human skeletal remains to answer anthropolagiestions in the Roman world
is a very recent undertaking, as | have outlined previousijgrove, 2005). Although archae-
ologists and anthropologists work side-by-side on digsomR, contextual information is not
often shared until a site is published. This chapter preselthe background information
available on the two study sites, Casal Bertone and Castedl&uroparco, including archae-
ological context and burial style. Basic demographic infation is calculated, including age-
at-death, sex, and stature. Finally, comparisons are malké¢he few other published Imperial

populations from Rome.
4.1 Burial in Imperial Rome

Some of the most prominent architectural sights in Rome@rds of emperors and the
wealthy. Just outside the walls can be found the oddly desigombs of Eurysaces, whose
monument has a frieze depicting his occupation in breadsmgaknd Cestius’ eastern-inspired
pyramid. For the vast majority of the Imperial Roman popolathowever, commemoration
of their death was not so dramatic. This section summarzesiat knowledge about burial of

the lower class of Imperial Rome from archaeological antliEsources.



4.1.1 Location of Cemeteries

The ancient Roman cemetery, burial styles, and funerad gte known from historical
sources and from archaeological excavations around ther&mfhe variety of peoples who
were part of the Roman Empire meant that no one practice wersneandated, and we find
remains of opulent above-ground mausolea and ashes inespuots coexisting in location and
time (Toynbee, 1971, p. 39-40).

One practice that was almost always followed, however, Waplacement of graves. te
Legibus(ii, 23, 58), Cicero notes that the Twelve Tables specifyclibade both burying and
cremating the dead within the citydominem mortuum in urbe ne sepelito neve uritntil
the late Empire, the very few deviations from this law weredman the case of exceptional
people, such as emperors (Toynbee, 1971, p. 73). Althoutgdr eplanations assumed this
law was promulgated for religious reasons, current schbiprcites predominately sanitary
and safety reasons for prohibiting cremation and burighiwithe city (Toynbee, 1971; Bodel,
2000; Lindsay, 2000). Land use in teeburbiumncluded marginal businesses excluded from
the city for religious or public safety reasons, such asgiiterhouses, brick-making facilities,
and cemeteries (Purcell, 1987; Champlin, 1982). Thus, ntemahere an inhabitant of Im-
perial Rome lived, that person would almost certainly endnug cemetery outside the walls,
in the periurban or suburban area surrounding the city of &om

Cemeteries thus often sprang up along roads in the Romax Wowih for ease of access
and for display (Purcell, 1987; Patterson, 2000). For exantipe major route to Rome, the Via
Appia, consisted of graves lining the road for miles soutthefPorta Appia (Toynbee, 1971,
p. 73). Some of these graves would have been designatedalitbrate carved markersippi),
some might have been identified with simple pottery such aanaphora half-buried in the
ground, and the poorest graves might not have been markdd &tyanbee, 1971, p. 75). Just
off the Via Appia, on the other hand, space was densely crdwgdhe poor, who sometimes
used large tombs as houses (Justinirigest147.12.3) or as brothels (Martid@pigramsl.34).

Oftentimes the land on which a tomb was placed was cultivat&ti the owners of the plot
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growing vegetables to sell at market in Rome (Morley, 1996jhough there were areas of
Rome that were grandfathered into the proscription agaimsal within thepomerium and
thus legal for burial, such as tipeiticuli (mass graves) on the Esquiline Hill, “the great majority
of people in the Roman world were laid to rest in tombs of vasied types strung along the

roads beyond the city gates” (Toynbee, 1971, p. 49).

4.1.2 Burial Styles and Rites

A significant amount is also known about Roman rites for thaddérom the immediate
aftermath at the deathbed to the disposal of the body to thueeneg duties of mourners left be-
hind (see Toynbee, 1971; Lindsay, 2000; and Hope, 2007, gothrers, for a full description
of postmortem rituals). Most of these activities, howewaeg, enacted rituals that leave neither
an archaeological nor a biological trace. The aspects aitbeage Roman funeral that could
be seen millennia later include burial style and ritual$ tiaolve deposition of material goods
or organic remains.

The minimum requirement for a proper burial consisted ofradfidl of dirt scattered over
the deceased (Toynbee, 1971, p. 43). Only the very poordsbmians were exposed, tossed
into the Tiber River, or thrown intputiculi.? At the next economic level, burial would have
been effected in a pit dug into the ground, into which the bgtyin cases of cremation, the
inurned ashes) would have been placed. The most populal Istyle among the econom-
ically modest social classes (i.e., laborers, freedmed,staves) in the Imperial period was
the cappuccinatomb (figure 4.1a). By way of description, Toynbee (1971, @2-B) notes
that “the simplest method was to lay the body in the earth towover it with pairs of flat

tegulaeset gable-wise and generally withbrices(curved and hollow roofing tiles) along the

1The pomerium(from the Latinpostandmurumor wall) was the traditional boundary of the city of Rome,
first created by Romulus and expanded by several later emgppeéBeyond theopomeriumand the city walls was
thesuburbium

2Bodel (2000) notes, however, that as many as 1 in 20 corpsgsiaidave received a proper burial due to
indigence.
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(a) Cappuccinaburial from Osteria del (b) Enchytrismosburial from Osteria
Curato (Egidi et al., 2003, p. 66). del Curato (Egidi et al., 2003, p. 66).

Figure 4.1: Two Common Imperial Burial Styles

ridge.” Italian archaeologists have dubbed theappuccinaburials because the tiles form a
cowl-shaped protectiomrappucciobeing the Italian for cowl. Another modest style of burial
was to place the deceased on top of two halves of a large amf#ideend-to-end, covering the
body with an additional two amphora halves, a variant on geaf tiles to protect the body
(Toynbee, 1971, p. 103). Children were often placed diyendide an amphora or other large
pottery vessel (figure 4.1b), a style of burial referred termshytrismosgfter the Greek practice
(Eqidi et al., 2003). Because these methods of burial ieheused roof tiles or pottery and
required little to no skill to accomplish, nearly everyormild afford a buriak cappuccinaor

in a simple pit (Toynbee, 1971, p. 103). Finally, althoughidun mausolea ocolumbaria
(large vaults that held a number of skeletal and crematediresnrespectively) was usually
sought by those individuals with more financial means, themvidence from sites such as
Isola Sacra that freedmen and -women, slaves, and otheosvafdcial status were buried in

more elaborate ways (Toynbee, 1971; Patterson, 1992)hEanost part, though, “anonymity
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and simplicity are the hall-marks of the normal ancient gig®urcell, 1987, p. 34).

Just as burial style in the Roman world was varied, funetatsdiffered based on age, sex,
and social class, to name but a few variables. Common bitials in the Roman world that
would leave material traces for the bioarchaeologist, iMawenclude those related to dining
at the gravesite and those related to the deceased’sfefterli

Likely originating with the Greeks, the Romans adopted th&t@m of providing the de-
ceased with money for his or her passage to the underworltrmstively called “Charon’s
obol” or, in Latin,viaticum this practice involved placing a coin in the mouth of theesed
as a payment to Charon, the ferryman who ushered souls iataftérlife. Although there is
significant discussion as to whether or not the coin in thetimofithe deceased was an em-
bodiment of this myth (Morris, 1992), archaeologically wedfithe practice to be common in
Rome?

Rites related to celebration and veneration of the deach ofteolved food or drink. On
the day of burial, a feast callegdlicerniumwas eaten at the grave of the deceased (Toynbee,
1971, p. 50). It was expected that the heir would sacrificegaipia ceremony known as
porca praesentane@.indsay, 2000, p. 166). Depending on the sequence of fepatd final
covering of the grave, it is not unreasonable to expect tofandal remains within a grave,

especially remains dbus scrofa Throughout the year, the Roman dead were honored, with

3Parker Pearson (2001) makes the valid point that burialaraeetively contested social arena. Thus, individ-
uals (or the people who bury them) might choose to repreherdéceased in a way that does not directly reflect
his or her social or economic status. In ancient Rome, pulidiglay of status was incredibly important, partic-
ularly for the upper class (MacMullen, 1974). Status wagpldiged in a variety of ways, including on material
items (e.g., clothing, statues), in interpersonal intéoas (e.g., the patron-client relationship), and in ritigag.,
burial rites and grave markers). As such, it is highly uriikihat a member of the upper class (or his family)
would have chosen a burial site or style that would hide $st#us. Members of the lower class, on the other
hand, could achieve ostentatious burials. The aforemeedi&Eurysaces was a freedman who built a giant tomb
quite near the city walls. At a smaller scale, membershipuinabcollegiain Rome provided the lower classes
with a way of achieving higher-status interment in a mausoler columbarium(Toynbee, 1971). Although
burial style can mask class structure and socioecononatioabhips of individuals in the past, the importance
of public displays of status among the small fraction of tht@rian population that could be called upper class
suggests that the majority of the individuals whose skketetaains have been found in tseburbiumin recent
years were members of the lower strata of Roman society.

4At Osteria del Curato, for instance, between 5-20% of theviddals in each cemetery were found with coins
in or near the mouth (Egidi et al., 2003).
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family visiting the grave on the deceased’s birthday ormyitheLemuralig the annual festival

of the dead. In the rite gfrofusiq liquids such as wine and olive oil were poured directly onto
the burial as libations to the deceased. Toynbee (1971,)mdiés that it is not uncommon to
find burials, both inhumations and cremations, with a pipeenaf lead or terracotta running
from the body of the deceased to the ground above in ordehépérson to receive the gift
(see figure 4.7a).

Finally, individuals were often buried with a wide varietiyroaterial goods. Artifacts that
have been found most often include items of personal adarh(eey., hair and clothes pins,
other jewelry), toiletry items (e.gynguentarid, and vessels related to cooking and eating
(Toynbee, 1971, p. 52). Not every skeleton found in Rome washgnaterials for accompani-
ment to the afterlife, however. As noted below, in lowersslaemeteries, only about one-tenth

to one-quarter of the burials involved grave goods.

4.1.3 Biological Remains

Death in ancient Rome has been a topic of scholarship fod@éscavith researchers writing
compendia based largely on textual evidence and visibl®samthe landscape of Rome and
the Empire (Toynbee, 1971; Kyle, 1998; Edwards, 2007; H@0€,7; Erasmo, 2008; Hope,
2009). With tens of thousands of inscriptions from tombe®yrit is unsurprising that scholars
interested in the ancient Roman population chose that ev@las their primary data source.
Skeletal remains were rarely collected for the majorityhaf 20th century by Roman archae-
ologists, and as recently as the 1990s, demographers lachdrat “the number of cemetery
sites of the Roman period excavated and properly recordeatefoographic purposes remains
very small” (Parkin, 1992, p. 43). With modern Rome restitgpahe ancient city, cemeteries
would only come to light when construction necessitateti@aeological excavation in the city.

During the decade of 1985-1995, only a handful of small cenet were found in Rome,
thesuburbium and Lazio (Catalano et al., 2001a). Then, in 1994, prejpasfor theGrande
Giubileo (Grand Jubilee) were begun. Presided over by Pope JohnIRs&uhke end of 2000,

68



the Grand Jubilee was a way for Catholics to usher in the neélemmium. As new trans-
portation infrastructure was created in anticipation & #évent, dozens of sites were found,
about one-third of which held human remains (Filippi, 20(E3pecially productive were ex-
cavations along ancient routes to Rome; because gravesoftenelocated along the sides of
roads, thousands of skeletons came to light in a very shod (Catalano et al., 2001a). The
southeastern quadrant of teeburbiumyielded numerous graves along the ancient Via Appia
and Via PraenestimaAlthough some of the cemeteries are late antique and Mddiedate,
the majority date to the Imperial period, when the city of Roamd itssuburbiumwere both
densely populated (Purcell, 1987). Few scholars are awateediuge number of skeletons
recovered from Imperial contexts because of their pubboah compendia and non-English-
language journal$.

Although the quantity of recovered skeletons has grown e&pbally, unfortunately Parkin
(1992, p. 43) is still correct: the number of skeletons falhalyzed and published in the last
decade is shockingly small. There are only six cemeter@s thesuburbiumof Rome that
have been even partially published: Basiliano, Quadravmba Barberini, Osteria del Curato,
Casal Ferranti, and Vallerano (see below, figure 4.9). WAseRasiliano (Buccellato et al.,
2003), Vallerano (Cucina et al., 2006; Ricci et al., 1997y &steria del Curato (Egidi et al.,
2003) have been published as independent sites, the relgadinmee only appear in summary
publications of suburban cemeteries. For the larger sit@asiliano and Osteria del Curato,
which each have hundreds of individuals, only a sample oetuavated skeletal population
has been published. Adding up the Imperial skeletons from&and theuburbiunpublished

in more detail than simple demographic summaries, the nuofldadividuals represents less

5See Catalano et al. (2001, p. 356), Egidi et al. (2003, p.ai),Catalano (2008, p. 11) for maps showing the
various sites found during excavations leading up to thdekib

8Even researchers who have worked on Italian skeletal naherithe past do not realize the quantity of
bones excavated in recent years. In a book chapter publedngdthis year, an isotope chemist who dealt with
skeletal material from Isola Sacra matter-of-factly ategbthat “few burials from this period [Imperial] have been
recovered” (Schwarcz et al., 2010, p. 342).
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than 10% of the human remains uncovered by 2000. Excavatmmsue in the Roman sub-
urbs, where new cemeteries are frequently uncovered antpsecemeteries are more fully
excavated, contributing additional individuals to popiglias at, for example, Casal Bertone
and Castellaccio Europarco.

More information on the above-mentioned comparative cerest can be found below, as
summary data on the demographic basics of age, sex, andeskatve been published from
almost a dozen Imperial cemeteries. Other than demogragbienation, some of these pub-
lications report on the number of individuals affected bytdé caries, porotic hyperostosis,
and cribra orbitalia. Comparisons of palaeopathologiesh detween the study sites and the
published Imperial cemeteries will be made in chapter 5.

With such a small percentage of uncovered skeletal remaibksped to date, | endeavor
in this chapter to lay out the demography of the study popratas fully as possible. See

appendix A for a full table of demographic data from both Imglgoeriod study populations.

4.2 Demographic Methods

The basic demographic data produced in this study inclug@ge at death of every indi-
vidual and the sex of the adults. Because measurements pbsieranial skeleton were taken,
premortem stature was also calculated for adults whose @dr be estimated. Techniques
used to estimate age, sex, and stature were drawn from teubprces, recorded separately,
and then combined to produce the most accurate assessnaeatw@s taken to record enough

information for comparative analysis with other publistegberial cemetery populations.

4.2.1 Sex Estimation

Sex of adult skeletons was estimated using a variety of tqaks reproduced in Buikstra

and Ubelaker'sStandards for Data Collection from Human Skeletal Remgif84), including
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pelvic morphology, cranial morphology, and long bone mearments. Phenice’s (1969) tech-
nique for sex determination was used above all to estimatéa® the subpubic region of the
os coxae. In addition, individuals with intact pelves wessessed for differences in the greater
sciatic notch and the preauricular sulcus (Buikstra andidkee, 1994). Sexually dimorphic
cranial features were scored as per Acsadi and Nemes&g@i. IFinally, in some cases, long
bone measurements were used in the discriminant functialysia of FORDISC 2.0 (Ousley
and Jantz, 1996).

In the pooled population, | was able to estimate sex for 110tsdOf these, 77 presented
intact pelves with sex characteristics (70%), 83 presese¢adally dimorphic cranial features
(75%), and 109 (99%) presented bones that could be measndedsad in a discriminant
function analysis. In total, | estimated the sex of 91 outT® adults (83%) based on multiple
methods. The pelvic methods were weighted more heavily thanial morphology, which
was more heavily weighted than long bone measurementstimagsg sex as indeterminate
(), female (F), probable female (PF), male (M), or probaflale (PM). For the purposes
of analysis of these small samples, the probable femalésgénaae grouped with the other

individuals of the same sex.

4.2.2 Age Estimation

Adult age was also arrived at using several different tegnes’ First, | visually examined
the pubic symphysis using the criteria of both Suchey an@Bs¢1990) and Todd (1921a,b).

The auricular surface of the ilium was used for age estima®per Lovejoy and colleagues

’In the field, Roman bioarchaeologists often rely on denta@ne estimate the age of skeletons based on the
charts reproduced from Lovejoy’s (1985) Libben study. Ljoy€1985) and others note that dental (molar) wear
can be areliable indicator of age at death, but populatiarst first be seriated, and activity-related changes must
be removed. This has not been done for Roman samples. Inagdige based on dental wear assumes a more or
less standard diet within the population, an assumptiothtasnot been tested for the Roman population. Based
on comparisons between my age-at-death profile for CasaébiB=and the one presented by Nanni and Maffei
(2004) for the same site, it is clear that using only dentansggnificantly underages the population. Dental wear
was, however, recorded for all individuals accordingtandardswhich uses Smith (1984) for anterior teeth and
Scott (1979) for posterior teeth, in the hopes of using tlikeda eventually to create a more reliable age-at-death
rubric from Roman dental wear.
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(1985). Finally, cranial suture closure was assessed l@asdte rubric designed by Meindl
and Lovejoy (1985). As above, the pelvis was considered thst meliable indicator of age,
with cranial suture closure used when a pelvis was not aailaOf the 74 adults whose age
was estimated, 66 (89%) presented a pubic symphysis, 56)(@6%uricular surface, and 35
(47%) a cranium for age estimation. | estimated the age o674 adults (89%) based on
multiple methods. Adults were placed into the following agéegories: 16-20; 21-30; 31-40;
41-50; 51-60; 61-70.

Note that for the purpose of biological classification, tl6e2D age range is necessarily a
5-year one, as it represents the earliest post-pubesdegoeg but includes individuals whose
age can be narrowed down on the basis of dental developmdne@physeal closure. In
Roman culture, however, individuals in this age range wadderally have been considered
adults. Roman males and females could marry at ages 14 anedd®ctively. Although
marriage was the rite of passage for a female into adultthf, moment for males was at the
end of the 17th year, when a male was able to enter publiciifdg@n the army (Wiedemann,
1989). As such, an individual in the 16-20 age category shbel considered culturally an
adult, even if the person was still developing biologically

Subadult age at death was estimated primarily using toothgtion and eruption and sec-
ondarily by epiphyseal closure and long bone length of tretquanial skeleton. Tooth forma-
tion for both deciduous and permanent teeth was recorded tis¢ charts irStandardsafter
Moorees and colleagues (1963a,b). The approximate age clutbadult was then estimated
using White (2005, fig. 19.2) based on work by Gustafson anchda974) and Anderson
and colleagues (1976). Epiphyseal closure of all availal@dments of the postcranial skeleton
was scored as unfused, partially fused, or fully fused amdparyed with tables by Baker and
colleagues (2005, tables 10.1-5). In rare cases, subaghiivas estimated using the length of

long bones (Johnston, 1962). Subadults were placed intfollo&ving age categories: fetal,

8An argument can, of course, be made for females in the 11ed5-3ge range to be considered adults in the
Roman world. However, because puberty is the prime moverdating sexual dimorphism in adults, it is very
difficult to accurately estimate sex from remains of per@scent individuals.
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0-5; 6-10; 11-15. Whenever possible, more precise age astiwere made and noted per

individual.

4.2.3 Stature Estimation

Adult stature was estimated as another metric with whiclotagare the present samples
with other published Imperial skeletal populations. Lomgpé measurements were input into
FORDISC 2.0, which uses formulae from Trotter and Gleseb2)%nd Ousley (1995) to
approximate living height from the postcranial skeletohe Tormulae for whites from Trotter
and Gleser (1952) were used in order to compare stature atutig sites with published data
from other Imperial sites. For individuals with multiplenig bones, leg bones were favored
over arm bones where possible. The stature of every adultidhdl whose epiphyses were
fully fused was estimated based on the available long bors/tegression formula presented
the lowest standard error. The stature formulae can be #nled as follows, from those
with the lowest to the highest error. For females: fibula, dgmadius, ulna, and humerus.
For males: femur, fibula, humerus, radius, and ulna. Indiisl over the age of 30 were
subjected to a correction factor (Trotter, 1970) to accdantage-related stature loss. The

stature estimates presented below, therefore, approximdividuals’ standing height at death.

4.3 Casal Bertone

The first skeletal population examined comes from a siteedallasal Bertone, named
for the modern Roman neighborhood in which it was discovetasks than two kilometers
from the walls and three kilometers from the city center,dite of Casal Bertone was closely
associated with Rome. Excavations in 1989, 2000, 2001, a08 %ere salvage in nature.
Parts of a villa were found in 1989 dating to the Republican and associations were noted
between the villa, the ancient Via Collatina, and the Aqua®i(Calci and Messineo, 1989).

In 2000, during installation of a train line in the area, a s@aum and necropolis came to
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light, and 109 skeletons were excavated and analyzed indlteldy A. Nanni and L. Maffei
(2004). Some 21 additional individuals were found in the swenof 2001, and one more in
the fall of 2003. Several boxes of commingled remains weteoxied or analyzed previously.
Casal Bertone made international news in 2007, when thetdiref excavations at the site,
Stefano Musco, announced the discovery of a large industiraplex and a residential villa
with nymphaeum (figure 4.2), all just meters from the preslpuiscovered burial sitesThe
complex is larger than anything found in Rome to date andresatiened by railway construc-
tion, but Musco hopes to finish excavating the area or remdvemn the path of the rail line.
Because the size of this site has precluded full excavatidreaalysis to date, only a brief ar-
ticle has been published so far; the summary below comesttiatrppublication (Musco et al.,

2008).

Figure 4.2: Casal Bertone Fullery/Tanne@glumbarig and Road
Photograph from Musco et al. (2008, p. 32).

%“Archaeologists in Rome dig up ancient tannery,” Interoaéil Herald Tribune, July 31, 2007.
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The entire site at Casal Bertone is over 3,000 square mdteeseastern portion of the site
held a residential area that was occupied from about theehsticy BC to its abandonment in
the 5th-6th centuries AD. The villa indicates some amountedlth of its occupants in terms
of the high quality and abundant quantity of building maksi In the later Imperial period,
the villa was expanded onto a lower terrace, wherg/mphaeunwas situated. This water
monument necessitated additional infrastructure in the fof lead pipes and basins to supply
the fountains with water. The northern portion of the sitdudes segments of an ancient road
and seven funeral buildings, two of which hasigpi inscribed with the names of slaves or
freedmen of Greek ancestry: L. Cincius Na$tnd C. Ateius Epaphrd. Just to the south of
the road was a large building of at least 1,000 square meégirsgdto the 2nd-3rd centuries
AD. In the main room of the building, there were close to 1Gihgitubs up to 1 m in diameter,
and there were remains of pipes for filling the basins withewakhe structure is interpreted as
either afullonica(a fullery) (Bradley, 2002) or aafficina coriarorum(a tannery) by similarity

to those found at Pompeii; in either case, this is the lagesivn in the Roman world.

4.3.1 Mausoleum and Necropolis

The burial contexts (figure 4.4), originally excavated i®@0were found to the south of the
fullery/tannery (Nanni and Maffei, 2004). The above-grdumausoleum dates to the 2nd-3rd
centuries AD and was built partly on top of the open-air npotis, which dates slightly earlier
in the same time period based on pottery and coins found télharials (Musco et al., 2008).

The mausoleum measured 14 by 11 m and consisted of three rowmef which had
a black-and-white mosaic floor and one of which (figure 4.33 waemi-underground burial
chamber. This chamber had 13 nichiesre), several of which contained the remains of more
than one individual. Although the mausoleum had mosaic$laod painted plaster walls, the

burials within it had few grave goods. Only 10% of the indivéds in the mausoleum had any

10This inscription can be found iBIL VI 37587, and information on the burial IATURS vol. Il, p. 102.
1This inscription can be found iBIL VI 37576, and information on the burial IATURS vol. I, p. 162.
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Figure 4.3: Plan of the Burial Area of the Casal Bertone Mé&isn

Drawing courtesy of the Soprintendenza Archeologica di Rom

artifacts, and those that were present included coinss,reald small vases such@asguentaria
(Musco et al., 2008). In one case, a female in her late teeswaed with a necklace, and
two additional females were buried with bronze rings (Naaomd Maffei, 2004). Individuals
buried in the mausoleum therefore likely belonged to theengzhelons of the lower class
and were possibly related to the guildfaflonesor coriarii associated with the tannery/fullery
(Musco et al., 2008). Nanni and Maffei (2004) note that theyagated 38 individuals from the
mausoleum, whereas Musco and colleagues (2008) claimwee74 individuals. | studied
all the available skeletons from the earlier excavation88in all. Any additional skeletons
uncovered since 2003 were not available for my study.

The necropolis (figure 4.4) consisted of approximately #Avgs haphazardly scattered in
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Figure 4.4: Casal Bertone Necropolis and Mausoleum
Drawing courtesy of the Soprintendenza Archeologica di Rom
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a central area. Remains of additional individuals wereeotdid from secondary interments
and disturbed primary graves. Although Musco and collead2608) note the presence of
84 people from the necropolis, | examined 100 individualtobal 1> Some individuals from
the Nanni and Maffei excavation were not available for mygt@and additional burials were
expected to be found in the 2008 field season. Of the gravasliest that could be typed, 57%
had tile coverings in theappuccinaor pianastyle; 35% had no covering and were simple pit
burials, and 8% were burials in amphoraa¢hytrismok all of whom were children. Similar
to the mausoleum, the burials in the necropolis includedddifacts, with only 22% of burials
having any grave goods.

Artifacts from the mausoleum and necropolis were not fureisfor my study and were
curated separately from the osteological remains. In s@ses; a note was made in the exca-
vation record listing the materials found with the skeletBacause of the lack of grave goods
and thecappuccinastyle burials, the excavators have assumed that indivsdualied in the
necropolis were of the lower social strata, and that indigld in the mausoleum had slightly
higher status and/or wealth (Musco et al., 2008). There ismgraphical evidence, however,

that could confirm either the social class or identities efitidividuals buried at Casal Bertone.

4.3.2 Sex, Age, and Stature

As noted, for the purposes of this study, | analyzed 38 indials from the mausoleum
and 100 from the necropolis, for a total of 138 individualsnfr Casal Bertone. The basic
demographic information collected from these skeletonkiged an estimation of the age of
every individual, as well as the sex and height of post-poesindividuals.

Table 4.1 presents the estimated age at death of the indigiduried at Casal Bertone,

125keletons from the necropolis were labeled with their “tafnumbers in the field, and skeletons from the
mausoleum were labeled with their “forma” number. | shotfeese to, respectively, T and F followed by the
number. Some graves contained the remains of more than os@npén the case of multiple burials, | append a
letter. Each skeleton therefore has a unique identifyittgdenumber combination.
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broken down by context. In the mausoleum population, theie definite spike in the 6-15-
year-old age categories, and the curve tapers off towardthadd. Similarly in the necropolis
population, a high number of deaths in the subadult yearéngsdn the teens and twenties,
to rise again from 31-50. The individuals who lived past 5®fawer at Casal Bertone than in
the modern world, as expected from preindustrial populatiao general (Parkin, 1992; Storey,
1992; Chamberlain, 2006). The histogram in figure 4.5 is tpr&ing given the work of his-
torical demographers in Rome (Parkin, 1992; Frier, 200hef#kel, 2001), with the exception
of the 11-15 age category. Individuals of this age were gdlyeat a lower risk of mortality
than infants (Parkin, 1992). In the Roman world, howevevgis not uncommon for females to
marry in this age range (Wiedemann, 1989), and high moyteditild represent complications
in pregnancy and childbirth owing to the immature natureneffemale pelvic bonés.On the
other hand, males in this age range might have begun an djgeip or occupation at this
time, possibly leading to work-related deaths.

It is, of course, likely that there is an underrepresentatibvery young children, as the
infant mortality rate in Rome for infants under one year of ags high (Parkin, 1992, p. 94)
and infant bones are subject to lack of recovery and othé&otapmic processes (Wood et al.,
1992). According to Parkin (1992, p. 93), the infant motyatate in Rome was about 300
per 1,000 per year, whereas the modern infant mortalityisdess than 10 per 1,000 per year.
This means that about 30% of the Roman population likely defdre the age of one, and 50%
before the age of 5. Once this age was reached, however, @eoBthe remaining individuals
could be expected to survive until 20 and 30% to 60 and abowéifl? 1992, p. 94).

Of the 138 individuals examined, 78 could be estimated far(&ble 4.2). In both the

3parkin (1992, p. 104-5) does not think that maternity wasgelaontributor to premature death among Roman
women. The data he cites, however, place the youngest raataye at 15. If Roman females were marrying and
becoming pregnant as young teenagers, it is not unreasotmatilink early pregnancy could have affected the
average female age at death, as even modern statisticsnaig@regnancies involve poor obstetric outcomes
(Gilbert et al., 2004). Research on the age at menarche oBRdemales, however, puts it around 14-15 for the
average (Hopkins, 1965; Amundsen and Diers, 1969), witilifgtagging behind until about 16-17. This would
mean that, for much of the economically stressed Roman ptipa| the time of first birth would not occur until
17-19 years of age. It is currently unclear, therefore, & #arly age at marriage for Roman girls would have
contributed to early pregnancy and complications therefro
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Maus #| Maus %| Nec #| Nec % || Total #| Total %
fetal - - - - - -
0-5 3 7.9 11 11.0 14 10.1
6-10 6 15.8 9 9.0 15 10.9
11-15 6 15.8 14 14.0 20 14.5
16-20 4 10.5 8 8.0 12 8.7
21-30 2 5.3 9 9.0 11 8.0
31-40 4 10.5 13 13.0 17 12.3
41-50 2 5.3 11 11.0 13 9.4
51-60 4 10.5 2 2.0 6 4.4
61-70 - - 2 2.0 2 1.4
Adult 7 18.4 21 21.0 28 20.3
Total 38 100%| 100| 100% 138| 100%

Table 4.1: Estimated Age at Death of Casal Bertone Populatio

Maus M | Maus F| Nec M| Nec F| Total M | Total F

11-15 - 1 - - - 1
16-20 3 1 4 3 7 4
21-30 1 1 6 3 7 4
31-40 3 1 10 2 13 3
41-50 1 1 8 2 9 3
51-60 1 3 1 1 2 4
61-70 - - 1 1 1 1
Adult 4 - 11 4 15 4
Total 13 8 41 16 54 24
Sex Ratio|| 61.9%| 38.1%| 71.9%| 28.1%|| 69.2%| 30.8%

Table 4.2: Sex Estimates of Casal Bertone Adults and Age attDe

mausoleum and necropolis contexts, there is an underesegon of females as evidenced in
the sex ratios. The skewed sex ratio at Casal Bertone is majpected, as a lack of females in
an osteological population can be related either to diffeaéburial practices or to taphonomic
processes affecting the usually less dense female boratse(Tet al., 1960). Additionally, it is
possible that the abundance of males is not an error butrnaglated to the association of the
burials with the fullery/tannery, as adolescent and adalesrather than females were usually
employed agullonesandcoriarii.

Finally, average height was calculated for adult males antbfes. Table 4.3 presents the
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Figure 4.5: Estimated Age at Death and Sex of the Casal BeRopulation

average stature estimates broken down by sex and age catégoexpected, females from

Casal Bertone are shorter on average than males, a difeecfmbout 10 cm.

Females Males
21-30| 155 (n=1) 167 (n=4)
31-40| 158 (n=3) 165 (n=12)
41-50| 156 (n=2) 166 (n=8)
51-60| 151 (n=4) 163 (n=1)

Adult* | 170 (n=1) 168 (n=5)
Mean| 157 (n=11) 167 (n=30)

Table 4.3: Average Height (in cm) of Casal Bertone Poputelip Sex and Age
*The age correction factor was not used on these staturassts.
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1. Multifunctional building “-
2. Consolidated pit
/3. Rustic building
4. Necropolis

5. Diverticulum [

Phase 3

(a) General Plan, from Buccellato  (b) Necropolis Plan, from Buccellato et al. (2008, p. 16).
etal. (2008, p. 15).

Figure 4.6: Castellaccio Europarco Maps
4.4 Castellaccio Europarco

The second skeletal population comes from the site of Gastéb Europarco, which was
located 11.5 km from Rome in theuburbium'® In 2003, excavations along the ancient Via
Laurentina revealed a villa, a number of burials, and hyliranfrastructure dating from the
4th century BC to the 2nd century AD (figure 4.6a). Excavatontinued through 2007, but
little has been published about this site so far.

Buccellato (2007) and Buccellato and colleagues (2008)rtegn the work from 2003—
2007. All summary information in this section and in sectbd.1 comes from those reports
unless otherwise cited. From the earliest occupation3ddheenturies BC, archaeologists

found remains of a rustic building that measured about 28Gand had 12 medium-sized

An entry on this area of theuburbiumnamely the early finds along the Via Laurentina related tst€kaccio
Europarco, can be found IlTURS vol. 111, p. 218-9.
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rooms. In one room, the remains of a lagus signinuntub indicates the area was used as
atorcularium, a room for pressing grapes or olives for wine or oil. Thidding, which was
located off a side street of the Via Laurentina, was abandlaméhe 2nd century BC. During
this time, the ancient Via Laurentina was turned from a bepsth into a paved road, and there
are various levels of road construction throughout the @isgastellaccio Europarco. By 177
AD, as dated by epigraphical evidence, an arched bridgeemee$ iropus lateritiumwere in
place over the Via Laurentina. A second building dating ® 2nd to 4th centuries AD was
found in the northern area of the site. This building couldabeessed by carts and contained
areas for storage, thus suggesting a multi-functional aessibly for the protection of draught
animals and for storage. To the south of the site were fouady&00 burials, all placed along
the Via Laurentina. Stratigraphy and artifacts from thevgsandicate there were at least three

phases of use of this area as a necropolis.

4.4.1 Phases of Burial

Coinciding with the first phase of built architecture at tite,?hase 1 burials from Castel-
laccio Europarco date to the 4th-3rd century BC (figure 4.8b)an area about 24 by 5 m,
there were 14 inhumations,dustum(in-situ cremation), and 3 pits with no human remains.
All were simple pit burials with the exception of tomb 64, whicontained a child under 2 years
of age whose grave had a basalt block covering and includethfaemains from a chicken
and a pig, possibly indicating the ritessificerniumandporca praesentane@oynbee, 1971,
Lindsay, 2000; Grandi and Pantano, 2007). Osteologicdysisan the field led researchers to
conclude that Phase 1 adults, almost all of whom were merskelddtal indications of hard la-
bor. In Phase 1, | studied 17 individuals, which represdr@sitimber the excavators identified
in the field plus commingled remains of an additional thregviduals in two graves. These
extra skeletal remains were likely too small (in the case feftal skeleton) or too few for the
excavators to calculate a proper MNI in the field.

Phase 2 burials date to the 2nd-1st centuries BC, when tHeaVii@ntina was covered with
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(a) ET70, 41-50-year-old female. Photograph frortb) ET31, 3-4-year-old child. Photo-
Buccellato et al. (2008, p. 18). graph from Grandi and Pantano (2007).

Figure 4.7: Anomalous Castellaccio Europarco Burials

gravel and lined with walls obpus incertumDuring this phase, the cemetery area, located be-
tween the Via Laurentina and its side street, was about 534y nd held 11 cremations
(two of which werebustg and 14 burials (nine adults, four children, and one unknofam a
total of 25 individuals (figure 4.6b). Most burials in thisgde are simple, but there were two
enchytrismosnfant burials, and one adult woman was buried with her armiglly inserted
into a libation tube (Toynbee, 1971, p. 51) (figure 4.7a). ddeshers noted trauma, infec-
tions, and metabolic issues in their palaeopathologicafrexation of the skeletons in the field
(Grandi and Pantano, 2007). Of the 14 burials recorded, @sedevoid of skeletal remains,
and one was not available for my study. By my count, there W2reremations rather than 11,
likely a typographical error in the field report. From Phasth2n, | studied 11 skeletons.

The number of individuals examined in the two earlier phasegiite small, particularly

once the groups are sampled for chemical analysis, anddherg published comparanda for
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these time periods. Although individuals from these pr@énmel time periods were thoroughly
studied, the data obtained do not contribute significamtlihe main thrust of this project on
mobility and migration to the Imperial capital. As such, thesic demographic and isotope
information gathered from the skeletons from Phases 1 andCastellaccio Europarco is
presented separately in appendix B.

The Imperial burial context dates to the second half of thetd she last quarter of the
2nd century, or about 50-175 AD. The cemetery area still oreglsabout 53 by 14 m and
was more intensively used in the western part, as Impeeabg graves were superimposed
on previous ones, either accidentally or intentionally.tif 50 burials in this phase, 45 were
inhumations, 3 were cremations (tvoistg, and 2 had no human remains (figure 4.6b). In
large part, the inhumations were simple pit graves, buethesre a few cases chppuccina
style,enchytrismosand basalt block graves. Artifacts were few and includedroon pottery,
unguentariapersonal objects such isulag and bronze coins placed in the mouths of several
individuals. Of the 45 inhumations, three individuals wieneied prone, a child and a male and
a female both in their late teefsThe burial of the child is especially noteworthy as he or she
holds a chicken egg in the left hand, possibly as a symbolwftre(figure 4.7b): | studied
all 45 available skeletons from this phdge.

There is no historical or epigraphical evidence naming titeviduals buried at Castel-
laccio Europarco. Because of the simple grave types andatkedf humerous grave goods,
excavators interpret this necropolis as containing imtligis from the lower classes. Phase 1 of

this rural cemetery was possibly associated with the rissticling, as theorculariumwould

5Buccellato and colleagues (2008) note that the male hagtewealof tuberculosis on his skeleton. My data
do not support this conclusion, however.

160nly one similar burial has been found in Rome, that of a dhilthe necropolis under St. Peter’s, although it
does not seem to have been published academically. Seeyémite Associated Press story, “Newly excavated
Roman necropolisis like a ‘Pompeii of cemeteries’,” Octo®e2006.

7Skeletons from this site were also labeled with their “toimfambers in the field. In order to distinguish
these from individuals at Casal Bertone, | use the abbiewi&T followed by the grave number. Some graves
contained the remains of more than one person. In the caseltpla burials, | append a letter. Each skeleton
therefore has a unique identifying letter-number com/pamat
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have necessitated laborers to process the grapes or diivesinclear, however, if the other

phases of burial were associated with any other architeatuhe area.

4.4.2 Sex, Age, and Stature

The minimum number of individuals at Castellaccio Europarluws totals 45 from the Im-
perial time period. The basic demographic information tes collected from these skeletons
included an estimation of the age of every individual, asl aglthe sex and height of post-
pubescent individuals.

Figure 4.8 displays the estimated age at death of the Castaldl Europarco population.
Significant infant and child mortality is not unexpectedd #mose who made it to adulthood did
not live past 50. This pattern is not unusual for Rome (Pad®92). Surprisingly, Castellaccio
Europarco presented more evidence of infant mortality@Ob-year age range than did Casal
Bertone, but it is unclear if this is related to excavatiod aecovery methods, burial context,

or taphonomic processes.

Male | Female

11-15 1 -
16-20 3 -
21-30 5 1
31-40 8 2
41-50 4 4
51-60 - -
61-70 - -
Adult 3 -
Total 24 7
Sex Ratio| 77.4%| 22.6%

Table 4.4: Sex of Castellaccio Europarco Adults and Age atibe

Table 4.4 shows the number of individuals of either sex aedstx ratio for each phase.
Males outnumber females 3 to 1, a statistically significéfféidnce (> = 29.16,p < 0.0001).
As with Casal Bertone, it is unclear if this underrepresemtaof females is related to the

cultural context of burial or to taphonomic processes &figdemale skeletons.
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Figure 4.8: Estimated Age at Death and Sex of the Castetl&aioparco Population

Finally, the average height was calculated for those aatitsse sex could be determined
and who presented at least one intact long bone. There wemealels and 7 females whose
height could be estimated. Average stature estimates akedown by sex and age category
in table 4.5.

Males from Castellaccio Europarco had the same averagarestat males from Casal
Bertone, 167 cm. Females from the suburban site, howewa Btature average 7 cm shorter
than the females from the periurban site. The differencéatuse between the sexes at Castel-
laccio Europarco is 17 cm. This dissimilarity will be furthavestigated below in comparison

with other Imperial skeletal populations.
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Females Males
21-30| 139 (n=1) 169 (n=5)
31-40| 144 (n=2) 164 (n=8)
41-50| 154 (n=4) 165 (n=4)
Adult* — 173 (n=2)
Mean| 150 (n=7) 167 (n=19)

Table 4.5: Average Height (in cm) of Castellaccio Europdopulation by Sex and Age
*The age correction factor was not used on these staturaatsts.

4.5 Comparative Samples

In spite of the immense number of skeletons that have beemdfouthe Romarsubur-
bium (Filippi, 2001), few populations have been fully analyzdyure 4.9 maps the sites that
have been at least partially published to date. These sitebe classified into three different
categories based on their proximity to Rome.

The periurban sites represent those that were found isuherbiumbut are within 5 km
of the city walls. Casal Bertone is the cemetery closest tm&whose skeletons have been
analyzed. An extremely large necropolis was found one lkéfimmwest of this site, named
after the two major nearby roads: Viale della Serenissinth\Aa Basiliano (Catalano et al.,
2001a,b; Buccellato et al., 2003). Well over 2,000 skeletoare uncovered dating primarily
to the 2nd century AD. To date, however, only 142 of theseviddals have been analyzed
in the laboratory and published (Buccellato et al., 2083wo additional periurban sites that
date to the 2nd century AD are Quadraro and Tomba Barberimghnare located close to one
another about 5 km southeast of the center of Rome. Neitteehas been published on its
own, but summary data from them exist in two different aetso{Catalano et al., 2001a,b). The
number of individuals examined is 34 from Tomba Barberird 86 from Quadraro.

The suburban sites represent those that were found in therdaaburbium about 12 km

from the city, where population density started to decresmkthe landscape was dotted with

18This cemetery is also known as the necropolis of Collatina iacent article (Buccellato et al., 2008a). See
chapter 5 for additional information, particularly regauglipathology frequencies.
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Figure 4.9: Map of Imperial Skeletal Populations
1 = Casal Bertone. 2 = Basiliano/Serenissima/Collatina.
3 = Quadraro. 4 = Tomba Barberini. 5 = Casal Ferranti.

6 = Osteria del Curato. 7 = Castellaccio Europarco. 8 = Vafer
9 =Isola Sacra. 10 = San Vittorino. 11 = Lucus Feroniae.

villas and other agricultural production (Champlin, 1982jrcell, 1987). Directly south of
Rome was Castellaccio Europarco, and about 1 km from theatvsis the necropolis at Valler-
ano. An average-sized 2nd-3rd century AD cemetery of just ®00 individuals, Vallerano has
been published fairly extensively in both Italian- and Esigllanguage journals (Ricci et al.,
1997; Catalano et al., 2001a,b; Cucina et al., 2006). Ab@ukrh southeast of Rome were
two additional necropoleis, Osteria del Curato (1st-3mtuees AD) and Casal Ferranti (2nd
century AD). While the entire population of Osteria del Gars listed as an appendix in the
back of Egidi et al. (2003), this publication primarily deavith the material culture, and only

a sample of 61 individuals has been published elsewheral@@at et al., 2001a,b). Similarly,
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Context Site Distance from Sample
Rome (km) Size

Periurban
Casal Bertone 1.6 138
Via Basiliand? 3.6 142
Quadraré* 3.6 36
Tomba Barberini* 3.6 34
Suburban
Castellaccio Europarco 11.5 45
Vallerand® 12.0 103
Osteria del Curatt"” 11.0 61
Casal Ferranti*” 11.5 71

Table 4.6: Comparative Imperial Sites
1 = Buccellato et al. (2003). 2 = Buccellato et al. (2008a).Gatalano et al. (2001a).
4 = Catalano et al. (2001b). 5 = Cucina et al. (2006). 6 = Rital.1997). 7 = Egidi et al. (2003).

Casal Ferranti offered at least 71 individuals for analysis the data are often combined with
those from Osteria del Curato (Catalano et al., 2001b).

Other published Imperial sites within the larger periphafriRome include Lucus Feroniae
(Manzi et al., 1999), San Vittorino (Catalano et al., 200H)d Isola Sacra (Prowse, 2001;
Prowse et al., 2004, 2005, 2007), all about 25-30 km from ittye 8an Vittorino and Lucus
Feroniae were both rural sites, making them more difficutdmpare to Casal Bertone and
Castellaccio Europarco. Isola Sacra was the cemetery ftus$Bomae, the cosmopolitan port
city of Rome (hereafter referred to simply as Portus). Caispas between Casal Bertone and

the nearby urban site of Isola Sacra will be dealt with furthehapters 5, 6, and 9.

45.1 Age at Death

Historical demographers have used primarily epigraphee@dence from tombstones to
reconstruct the average age at death and life expectantye d®@dmans (MacDonnell, 1913;
Acsadi and Nemeskeéri, 1970; Parkin, 1992; Storey, 199 #&jer, 2001; Scheidel, 2001).
Surprisingly, the estimates for average Roman life expegtare similar: at birth, a person

is expected to live into his or her mid-20s. Acsadi and Nekegg1970) break this estimate
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down further into social classes; slaves had a life expegtander 18 years, tradesmen 35,
and professionals 40. In all cases, though, these numldersoanales; females had a lower
life expectancy in general owing to the significant risk oatiteduring parturition and the
immediate post-partum period. This does not mean, howévat,the average Roman died
at 25; rather, the high infant mortality dramatically dexses the life expectancy at birth. As
noted above, in a population of individuals who had attaitmedage of 5, half of them would
survive to at least 40 (Parkin, 1992, p. 94), and about oind-tifi them would reach 60.

The age distribution of the Roman population was affected myumber of variables in
antiquity, including epidemic diseases, migration, amohg conditions. These issues will be
touched upon further in later chapters, but on the assumtiat life was different for those
living close to the city than for those who lived on the edga afiral area (MacDonnell, 1913),
age at death can be depicted for people buried in periurbarsalourban sites. Figure 4.10
compares Casal Bertone to the periurban sites Tomba Barpéa Basiliano, and Quadraro,
and figure 4.11 compares the Phase 3 burials from Castell&acoparco to the suburban sites
Vallerano, Casal Ferranti, and Osteria del Cutato.

Estimated age at death at urban sites does not present angfaorified distribution.
Whereas Casal Bertone has a spike in the 7-12 age range, 0#tho® the population dy-
ing in this range, Via Basiliano and Quadraro have fairlyhhigfant mortality. These two sites
also have a large number of people dying at or after age 40reabeat Casal Bertone and
Tomba Barberini, there are a fair number of 20-40-year-ottividuals. Still, at all sites, the
childhood death rate is significant, dropping off throughibie teen years (with the exception
of Casal Bertone), and then increasing again by age 20. Atldes date roughly to the same
time period, the 2nd century AD, and none of them had bundéstindicative of the upper

class. The main differences between these sites are géwygmag archaeological context, the

9] reclassified subadult individuals at my two study site® islightly different age categories in order to
directly compare them with the data from the six other pligltsimperial sites.
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Figure 4.10: Estimated Age at Death - Periurban Cemeteries

latter of which has not been fully published for any site. §lbegraphy of Rome and issibur-
biumboasts hills and valleys, volcanoes and rivers, all of wihilaly contributed to different
ecological niches that could have influenced the diseaskdbaach population. In addition,
fresh water from aqueducts was not available to every pdigag in the periurban and sub-
urban areas, but Casal Bertone was located along the pdth Afua Virgo, a major aqueduct
that supplied numerous fountains and baths in Rome. Fjnhl#yCasal Bertone burials could
have been related to the large industrial complex. It isiptsshat employment of younger
individuals led to some work-related accidental deathtadegpathology of the Casal Bertone
population, however, will be further examined in chapter 5.

The estimated age at death distributions among the fourrsabwcemeteries are more
similar to one another than are the distributions of the midemeteries (figures 4.10 and 4.11).
For the most part, a relatively low infant mortality rate ckases further by age 7-12 and then
starts increasing, with much of the population dying in tBe5D age range. An exception to

this general trend is Casal Ferranti, which has a higheepéage of the deceased population in
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Figure 4.11: Estimated Age at Death - Suburban Cemeteries

the 20-29 age range. It is interesting that, although tregivel percentages differ, the shape of
the histogram for each site is nearly identical. As abovis,likely that these individuals lived
in a more homogeneous geographical or cultural contexbgiry engaging in small-scale
farming on the periphery of the suburban area as at nearlgramb (Cucina et al., 2006). The
relative health of Castellaccio Europarco and the otheuadn populations will be further

examined in chapter 5.

45.2 Sex Ratio

Although other published sites do not usually include a kaean of age at death by sex,
the sex ratio at each site is used for comparative purposgseF.12a displays the sex ratios
at periurban Roman sites, and figure 4.12b displays thesratisuburban sites.

At Quadraro, equal numbers of male and female skeletons fwarel. The other peri-
urban sites present more males, and Casal Bertone has theshigale-to-female ratio. As

mentioned above, it is not unusual for skeletal populationse skewed towards male. It is

93



EHMale OFemale B Male OFemale

100% 100%
90% 1 90% 4
. 316 22.6
80% 44.4 40 50 80% - o
70% 1 70% U 575
60% - 60%
50% 50% -
40% | 40% 4
68.4 77.4
30% A 556 60 = 30%
20% A 20% 1 492 425 50
10% - 10% 1
0% ‘ ‘ ‘ 0% ‘ ‘ ‘
Casal Bertone ~ Via Basiliano Tomba Barberini Quadraro Castellaccio Vallerano Casal Ferranti ~ Osteria del Curato
(a) Periurban Sites (b) Suburban Sites

Figure 4.12: Sex Ratios of Imperial Cemeteries

interesting, however, that at all suburban sites excepte@ascio Europarco, the sex ratio is
equal or is slightly in favor of females. Castellaccio Elagm and Vallerano date to the same
time period and were less than 1 km from one another, yet Maltehas a much more equal
sex ratio. Without archaeological background on any ofdlses, however, it is impossible
to know if cultural factors led to the disparities in sex odbietween periurban and suburban
sites or why Casal Bertone and Castellaccio Europarco tiezatit than the comparative sites.
It is also possible that differences in methods of sex esttm@among bioarchaeologists in the

field and in the lab contributed to the varying sex ratios.

45.3 Stature

Itis standard practice for Italian bioarchaeologists fowate living stature from maximum
length of the long bones using formulae developed by TraiterGleser (1952) for American
war dead. Applying these formulae to ancient Romans likelgsdnot yield accurate stature
estimates, but comparing the results obtained betweenettes sand between sites provides
interesting information on the relative magnitude of hejfferences.

As can be seen in figure 4.13, at the periurban sites of VidiBasj Tomba Barberini, and
Quadraro, females are about 12 cm shorter than males, amaksat Bertone they are 10 cm

shorter. The sex-related stature difference at the suhwsibas of Vallerano, Casal Ferranti,
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Figure 4.13: Stature of Individuals from Imperial Cemedsri

and Osteria del Curato is also about 10 cm, whereas at GastiellEuroparco the difference
is 17 cm. Females tend to be shorter in the periurban coraextsaller in suburban, although
the study populations do not fit into this trend, particyl&hstellaccio Europarco on account
of the small sample size. On the other hand, males from tharlsab contexts are on average
slightly taller than males from the periurban contexts.ettastingly, Casal Bertone has the
greatest average female stature of the published perisitemn

In general, then, males and females from the suburban sieless sexually dimorphic
in stature than populations from periurban contexts, antesnand females in the suburbs
were taller on average than people from periurban cont&dmales from Casal Bertone are
taller than their counterparts at the other periurban ,sitél numbers closer to females from
the suburban populations. The high average stature of Gastdne females in particular is
likely related to better diet and health of this populatitme latter of which is possibly the
result of good access to clean water (Killgrove, 2008). Hiative health of the Casal Bertone
and Castellaccio Europarco populations and comparisathsother Imperial populations will
be further examined in chapter 5, where palaeopathology it be presented, and dietary

differences between the two sites are investigated in eh&pt
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45.4 Discussion

The basic demographic data published for other Imperie$ sittows only superficial com-
parisons of age at death, sex, and stature. Comparisoe$iaaise additional questions rather
than generating explanations.

In general, there is moderate infant and childhood moytadithe Imperial Roman samples,
and those individuals who survived to adulthood did notroftee past 50. In the suburban
populations, the age-at-death histograms look relatigetyilar, but the histograms for the
periurban populations are quite varied (figures 4.10 antl)4.lt does appear that there were
more individuals of an advanced age in the periurban cositeXtvo explanations for this
variation could be found in: archaeological context, ifiabstatus, gender, ethnicity, or other
variables factored into the decision of burial locationgeographical location, if the particular
ecology of the area, including access to clean water, ptipoldensity, or other factors affected
a population’s susceptibility to disease and death. Uuafately, archaeological context is not
published for the majority of these skeletal populationgtier work to investigate the ecology
of Latium is necessary, as very little has been done in tigigrde(Nutton, 2000; Morley, 2005).

The sex ratio of suburban sites is slightly skewed towardsafes, whereas the sex ratio
at periurban sites is skewed towards males (figure 4.12) fiakes it unlikely that females
were merely underrepresented in the periurban contextseti&bexplanation might be that
males tended to live and work in the city, as Rome was a magingustrial center with scores
of professional guilds. Further, more males migrated to Bdman females (see chapter 10),
likely in search of work, and this influx could have swayed Haance in favor of males.
The fact that the Casal Bertone male population is twice dh#the female population could
be explained by the cemetery’s association with the largestrial complex, which would
have employed a number of men and boys. The overwhelming eunfomales buried at
Castellaccio Europarco, however, is not as easily expiaifibe archaeological context of this
site is not well understood at this point, though, which farédes drawing conclusions as to the

male-favored sex ratio.
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Finally, it does appear that individuals in suburban cotsteere taller than those in peri-
urban contexts (figure 4.13). Stature is often viewed as @exiof health (Steckel, 1995), yet
the suburban populations had fewer individuals who livest B8 years of age. A number of
plausible scenarios can be constructed to explain thisgzhenon, such as the possibility that
conditions of diet and disease ecology during subadult tir@and development favored max-
imal expression of stature in tiseiburbiumbut that an epidemic disease common in Imperial
Rome ravaged the population as adults. This differenceatiniiss between periurban and sub-
urban contexts is interesting, but at this point raises naalgjtional questions, some of which

will be dealt with in chapter 5.

4.6 Conclusions

This study involves osteological and chemical analysihefdkeletal remains of 183 indi-
viduals who were buried at two sites in the ancient Roswavurbiumfor the purpose of iden-
tifying immigrants and discussing their contributions torRan society. Casal Bertone was
chosen as a study site based on the number of individuafgaxsmity to the walls of Rome,
and the two different burial contexts. Its probable asdmmawith a large fullery or tannery
was discovered during laboratory analysis and makes thetegympopulation extremely in-
teresting in that it might have contained individuals whakeal in the industry. Castellaccio
Europarco was chosen based on the multi-phase burial addgsdacation as a suburban site.
Further excavation in this area has produced more skeletmhsnore information about the
buildings and infrastructure in the area, but the archagodb data have not been published.
Both populations presented an age-at-death structurénvitie norm for a preindustrial so-
ciety and within the bounds of the predictions of historidamographers. There were more
males than females at both sites, probably related to the-dwhinated occupational sphere
rather than to female underenumeration or gendered bugatipes. The population at Casal

Bertone was taller on average than was the population at p#reurban cemeteries, but in
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general the suburban dwellers had a higher stature thae thles lived near the city. These
findings raise questions about diet, disease, migrati@hpaoupation, which will be discussed

in the following chapters.
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Chapter 5

Disease in Imperial Rome

Life in Imperial Rome was by all accounts crowded, unsawpitaolent, and impoverished
(Champlin, 1982; Scobie, 1986; Parkin, 1992; Scheidel 3200orley, 2005). In an often-
cited article on sanitation in the Roman world, Scobie ()98&hcluded from a textual and
archaeological assessment of lower class Roman livingitons that high frequencies of dis-
eases such as cholera, typhoid, dysentery, gastroesitiiiospirosis, and infectious hepatitis
could be attributed to food and water contamination by fewaterial, open latrines in the
kitchen, and defecation and urination in the streets. Theeadso ample historical evidence
from such ancient authors as Celsus and Pliny the Youngestet to the presence of dis-
eases like malaria, leprosy, and tuberculosis in the ptipal@einecke, 1927; Patrick, 1967;
Grmek, 1989), but little evidence has been found in the sskeletal record to indicate the
prevalence of these conditions in ancient Italy. Malariassumed to have been endemic from
skeletal indications of anemia (Angel, 1966; Sallares,20@prosy is found as early as the
4th century BC (Mariotti et al., 2005); and tuberculosisneWwn from a handful of sites (Ricci
et al., 1997; Roberts and Buikstra, 2003; Canci et al., 2005 kpite of the lack of skeletal
evidence, it is reasonable to begin looking at archaedddgicpulations from Rome with the
assumption that “ancient empires with high population dgresd highly developed trading
systems were ideal for the cultivation of such diseases lamdavages of epidemics” (Acsadi

and Nemeskéri, 1970, p. 217).



Analysis of human skeletal populations from Casal Bertamé @astellaccio Europarco
provides evidence of pathologies from a bioarchaeologieepective, broadening our under-
standing of communicable and nutritional diseases, deutthlology indicative of stress and
diet, as well as patterns of trauma and osteoarthritis artteapwer classes buried in the Ro-
mansuburbium Both skeletal and dental pathologies from the two studyssare presented in
this chapter. Where appropriate, inter-site and interveebation in disease frequency are as-
sessed, and comparisons are made between the study sitgh@ngublished Imperial Roman
cemeteries. In studying palaeopathological indicatordis¢ase, trauma, and stress, a better

picture of the quality of life of the lower classes in Rome &minto focus.

5.1 Skeletal Pathology

The populations buried at Casal Bertone and Castellacaiodanco produced few occur-
rences and low frequencies of most skeletal pathologiesntification of these pathologies
was made based primarily on Ortner (2003). The differerggmies of disease are introduced
in terms of Ortner’s classification, and the pathologicaldibons are presented more or less in
order of those with high frequencies in the populations ®rtiore rare issues. Interpretation
in terms of what the osteological pathologies indicate &lpast populations is based on both

Ortner (2003) and Larsen (1997).

5.1.1 Hematopoietic

The main pathological condition that most bioarchaeolsgigo work in the Italian penin-
sula are interested in is porotic hyperostosis, a grossation of the stress placed on a pop-
ulation (Larsen, 1997). Porotic hyperostosis can affeeietye orbits, where it is often termed
cribra orbitalia (figure 5.1), or it can be found on the flat ésmf the cranial vault, where it
is termed cribra cranii. A variety of causes have been puhftr explain the frequency of

porotic lesions in populations around the world, but in gahthe lesions are an indication of
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Casal Bertone Castellaccio Europarco

Orbits Individuals Orbits Individuals
Male 6/60 (10%) 4/33 (12.1%)| 2/21(9.5%) 1/12 (8.3%)
Female 0/17 (0%) 0/11 (0%) 0/6 (0%) 0/3 (0%)
Subadult| 10/33 (30.3%) 7/19 (36.8%) 4/12 (33.3%) 2/7 (28.6%)

Total 16/110 (14.5%) 11/63 (17.5%) 6/39 (15.4%) 3/22 (13.6%)
Table 5.1: Cribra Orbitalia Frequencies

iron-deficiency anemia. Hereditary hemolytic anemias.{eigkle cell anemia, thalassemia,
and favism) are assumed to have existed in the Mediterraasandividuals heterozygous for
these conditions would have had an advantage in areas ainéndelaria. Bioarchaeologists
in the Roman world are therefore quite interested in theueegy of porotic hyperostosis in
ancient populations.

Skulls from Casal Bertone and Castellaccio Europarco wraenaed for evidence of
porotic hyperostosis in the eye orbits (hereafter, cribtatalia) and on the parietal and oc-
cipital areas of the skull (hereafter, cribra cranii). Eée$ion that was found was given two
severity scores: one according to the methods presentthimdardgBuikstra and Ubelaker,
1994), and one according to the work of Hengen (1971), whiahast often used by Roman
bioarchaeologists. The results of this analysis are pteden table 5.1, which lists the fre-
guencies of cribra orbitalia by number of orbits affected anmber of individuals affected out

of total orbits and individuals examined.

Figure 5.1: Cribra Orbitalia
Casal Bertone F10B, 6-10 years old

101



The total frequencies for cribra orbitalia in the two popiaas are similar. Neither popu-
lation has any evidence of the disease process in fematlesugh this sex is underrepresented
in the sample. Hengen scores for the orbital lesions rarage ir (shallow furrows with tiny
holes) to 3 (deeper holes and grooves up to 2 mm diameterghwheans they were likely
inactive at the time of the individual's death. Only indivel F10B had a Hengen score of
5 (confluent holes, beginning of osteophytes) (figure 5ridicating the possibility that this
subadult had an active hyperostotic lesion at death. Thesdor lesions based on the method
in Standardsare nearly the same values as the Hengen scale, with thetexcepF10B, who
had aStandardscore of 4 (coalescing pores with expansive changes).

Cribra cranii was found less often in both populations. Quye individual from Casal
Bertone, F7B, had cranial lesions out of a total of 83 indraild examined, or a frequency
of 1%. At Castellaccio Europarco, three individuals (ET&3,31, and ET69) had cranial
involvement indicative of porotic hyperostosis out of 3diinduals examined, for a frequency
of 9%. Both ET63 and ET69 also presented evidence of criliyiadia, but the severity of the
cribra cranii in all individuals examined was only a 2 on thenigen scale, indicative of healed
or healing lesions at the time of death.

The populations at Casal Bertone and Castellaccio Eurogead relatively low frequen-
cies of porotic hyperostosis of the cranium and orbits, Whscsurprising given their location
in an area of the world with endemic malaria in the past. Tiseeegidence that several individ-
uals suffered from iron-deficiency anemia of sufficient siy¢o cause bone involvement, but
the cause of the anemia is unknown. The frequencies of tbéade process will be discussed

below with reference to other skeletal populations fromdhleurbiumof Rome.

5.1.2 Osteoarthritis and Disc Herniation

Osteoarthritis is an extremely common joint disease, @a€rly affecting people past mid-
dle age. In the contemporary Western world, osteoarthsitigrely found before the age of 30,

but about half of all individuals over the age of 60 have soorenfof the condition (Larsen,
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1997; Ortner, 2003). Evidence of osteoarthritis can tlueecbe expected to be found in the
ancient skeletal record.

Stress to the joint during repeated physical activity isghenary cause of osteoarthritis.
However, frequencies of osteoarthritis in a population baraffected by a range of causes,
such as age, sex, weight, nutrition, hormones, infectiergdity, etc. (Larsen, 1997, p. 163).
While the exact etiology of osteoarthritis and the relatitip between changes in cartilage
and changes in bone are not entirely clear, the skeletalfestations of osteoarthritis are eas-
ily identifiable. The five main bone responses to osteodishare: eburnation (a polished
area resulting from bone-on-bone contact), osteophyfgsisvth of new bone), joint contour
change/lipping, porosity, and subchondral cysts (poyadibone beneath the surface) (Rogers
and Waldron, 1995). Following Rogers and Waldron (1995kedetal element was recorded
as having evidence of osteoarthritis if it: a) showed ehtiwnaor b) presented any two of the
other four bony responses: osteophytes, lipping, porositgubchondral cysts. Skeletal ele-
ments with only one of the four changes are assumed to beghk of degenerative changes or
possible precursors to full-fledged osteoarthritis. Beeausteoarthritis is found in populations
all over the world, the patterns seen in the distributionesidns in the body and throughout
the population can indicate the effects of aging and stiemsén, 1997, p. 166).

Two conditions found in the study populations that are a¢tated to mechanical stress on
the body are disc herniation (Schmorl’s node) and ankyl@sson of marginal osteophytes
of the vertebrae). Herniation of the intervertebral distshe spine can cause the discs to
bulge; when the bone of the vertebral body remodels to acamtate this, what is known as
a Schmorl’s node is formed (figure 5.2a). Ankylosis occurgmhew bone formation along
the margins of two or more vertebral bodies (osteophytasheat and fuse (figure 5.2b); this
condition limits an individual’'s range of motion, partiauly if it occurs in the more mobile

cervical or lumbar spines.
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(@) Schmorl's Nodes - Castellaccio Europarcf) Ankylosis - Castellaccio Europarco
ET102, male, 41-50 years old ET41, older adult

Figure 5.2: Osteoarthritis

Summary results of the study of osteoarthritis in the Casatdhe and Castellaccio Eu-
roparco populations are presented in table 5.2. There istacli lack of osteoarthritis infor-
mation in the bioarchaeological literature of ancient RofResearchers occasionally publish
frequencies of arthritis in the vertebral column, but thiemeever an indication of the methods
used for data collection or analysis (e.g., Ottini et alQP0 That is, the data published may
be a mixture of age-related skeletal degeneration and thelpgical condition of osteoarthri-
tis. In order for my data to be comparable to other studies aodvin the future, | provide
both the number of individuals who presented at least onerdagtive bony response (i.e.,
one of: osteophytes, lipping, porosity, subchondral gyetsl the number of individuals with
osteoarthritis (i.e., eburnation and/or two or more of thev& responses).

The total frequencies from the two Roman sites indicate @ senilar prevalence of os-
teoarthritis as well as responses to mechanical stress e bt Casal Bertone, there is a

slightly higher frequency of males with bony responses thta@astellaccio Europarco, but
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Casal Bertone Castellaccio Europarco

Bony Response 1  Osteoarthritis| Bony Response- 1 Osteoarthritis
Males 41/54 (75.9%) 18/54 (33.3%) 15/24 (62.5%) 9/24 (37.5%)
Females 15/24 (62.5%) 8/24 (33.3% 6/7 (85.7%) 1/7 (14.3%)
Total 56/78 (71.8%) 26/78 (33.3%) 21/31 (67.7%) 10/31 (32.3%)

Table 5.2: Osteoarthritis Frequencies

the frequencies of osteoarthritis in the male groups atwloesites is similar. At Castellaccio
Europarco, almost all of the females had at least one skelktment that showed evidence
of a bony response to stress, but only one of them met theiarité osteoarthritis. On the
other hand, there was a higher frequency of females at Castdrizze who suffered from os-
teoarthritis than at Castellaccio Europarco. In both pajpoihs, males outnumber females
about two to one in presenting evidence of degenerativegdsato joints. This is not unusual,
as cross-culturally, males tend to have higher frequeraiesthritis than females (Larsen,
1997, p. 176-8¥.

The distribution of osteoarthritis is slightly differemt ihe two populations. In both, arthri-
tis of the thoracic portion of the spine is the most commomdgurring issue, making up 32%
of arthritis sites at Casal Bertone and 52% at Castellacaimfarco. Whereas arthritis of
the cervical and lumbar vertebrae and legs follows thoraertebrae in frequency at Casal
Bertone (17%, 17%, and 9%, respectively), at Castellacaiofarco, issues with the feet and
the shoulder girdle (scapula and clavicle) are more comran tssues with the cervical and
lumbar spine (12%, 12%, 6%, and 7%, respectively). Otheasaoé the body (e.g., hands,
arms, knees, pelvis) are infrequently affected at bottssit®ased on this small sample, it
would appear that people at Castellaccio Europarco wetaguhore stress on their feet and
upper bodies than the people at Casal Bertone, who wereyrsiaksing their spines and legs.

However, itis possible that the generally poor presermadicdCastellaccio Europarco prevented

lLarsen (1997, p. 176) further notes that this generalitg$iolo matter the subsistence strategy or sociopo-

litical complexity. Still, he cites archaeological poptitas in which neither sex has a higher frequency of os-
teoarthritis (177).
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identification of arthritic conditions, particularly inetfragile vertebral bodies.

Additionally, at Casal Bertone, Schmorl’s nodes (figurea» \®ere found in 12 males and
2 females, or about 18% of the population examined. At Clasigb Europarco, Schmorl’s
nodes were found in three of the 31 individuals examinedafioequency of 10%. The greater
frequency of assumed disc herniations in the Casal Bertopelation could represent greater
mechanical loading of the spine, but it could also be reltighe fact that these skeletons were
better preserved than those from Castellaccio Europarco.

Ankylosis of the vertebrae was noted in two individuals, @die-aged male from Casal
Bertone (T76) and an adult of unknown sex from Castellaccimparco (ET41) (figure 5.2b).
Little additional is known about ET41, as it was a partialpmplete skeleton that was fairly
poorly preserved. T76, on the other hand, presented num&achimorl’s nodes indicative of
disc herniation, had multiple sites of osteophytosis paldirly in the foot and shoulder areas,
and had numerous indications of strong muscle attachmehis iong bones. This individual
therefore likely placed a great deal of repeated mechasiceds on his body.

One additional individual, F10A from the Casal Bertone nudeism, seems to be a special
case of arthritis (figure 5.3). This individual was probaalgnale and was in his 50s when he
died, making him on the older end of the demographic distigiouof the population. Nearly
every bone in his body had some amount of degenerative ch@hgeehanges were especially
marked in the hands and feet, particularly the phalangegfadhort bones. Additionally,
he presented a Schmorl’s node, a healed rib fracture, signtfimuscle markers along the
linea aspera of both femora, and periostitis of the tibiadhéligh some of the bony responses,
particularly in the fingers, are suggestive of leprosy,atiemo facial involvement. It is most
likely that this individual suffered from rheumatoid aitrg, in addition to a host of other
issues. Rheumatoid arthritis is an erosive arthropathypa of arthritis that results in bone
destruction rather than bone growth. The cause of this tionds still unknown, but it could be
a combination of environmental, infectious, and genetués. Rheumatoid arthritis generally

strikes females more often than males, but a study founati@mit 4% of males over the age of
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(a) Right Metatarsals. Healthy bones (b) Hand Phalanges, Palmar Aspect.
from T73 on top, arthritic ones from
F10A on bottom.

Casal Bertone F10A, 51-60-year-old male

Figure 5.3: Rheumatoid Arthritis

65 in northern Europe had this condition (Ortner, 2003, d-8% Like other forms of arthritis,
rheumatoid arthritis can cause pain, swelling, and st#ni@ joints and can eventually lead
to deformities of the hands and feet. It is likely that indival F10A was often in pain from
his rheumatoid arthritis, and his body had been stressedh®r oonditions as well, such as

fracture and disc herniation.

5.1.3 Infectious Diseases

Infectious diseases that can be diagnosed from skeletatialahclude treponematoses (in-
cluding syphilis), leprosy, and tuberculosis but alsodegsnown diseases such as osteomyeli-
tis, periostitis, and mycotic, viral, and parasitic comatis. Although there were some verte-
brae in the study populations that might be indicative oetehlosis, there was no conclusive

evidence at either Casal Bertone or Castellaccio Eurogardafectious diseases other than

107



Casal Bertone|| Castellaccio Europarco

Male 19/54 (35.2%) 12/24 (50%)
Female | 7/24 (29.2%) 3/7 (42.9%)
Subadult| 4/48 (8.3%) 1/14 (7.1%)

Total | 30/126 (23.8% 16/45 (35.5%)

Table 5.3: Periosteal Reaction - Individual Frequencies

osteomyelitis and periostitis. Osteomyelitis is a pyog&pus-producing) infection of bone

marrow. Bacteria, usuall$taphylococcus aurepare introduced into the bone through direct
trauma or indirectly from soft tissue injuries. Osteomigelcan be identified on bone primar-

ily through endosteal bone changes, the formation of cleéuales through which pus drains),

and the development of sequestra (small pieces of dead fOrtegr, 2003, p. 181).

Anything that breaks, tears, stretches, or touches thegietim, or outer layer of a bone,
causes it to create new bone, a condition known as pergstjtmore appropriately, periosteal
reaction. Generation of new periosteum is easy to spot oletskelements because of its
woven appearance, but the cause of the apposition is ndesdysimpossible to figure out,
as it could result from anything from shin splits to infectsodisease to serious skin burns.
Because of the multifarious causes of periosteal readti@quite commonly seen in skeletal
populations. Like osteoarthritis, periosteal reactiomsgally examined in terms of the skeletal
elements that it affects in an individual and in a populatibremains, however, a nonspecific
indicator of skeletal pathology.

Periosteal reactions are not widely reported in the Romearbhaeological literature. For
this study, | calculated the frequency in a manner similapgteoarthritis: by counting the
number of individuals with at least one occurrence of péeiaseaction and dividing it by the
total number of individuals examined. Results can be setabile 5.3.

Slightly more males than females have indications of pegaiseaction, probably the result
of the fact that males tended to engage in more activitigsfém@ales in Roman society, and a
low number of subadults is affected. The total frequencyenigsteal reaction at Casal Bertone

is lower than that of Castellaccio Europarco, indicatirgltiter population was more stressed
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or more prone to trauma. Unsurprisingly, 73% of the peraldesions at Casal Bertone were
on the legs, and 87% of the reactions at Castellaccio Eucopdiected the legs, many of which
were likely the result of clumsiness as people accidenbahyged their shins and ankles.
Only one individual presented evidence of osteomyelitisigde in his late teens from the
Casal Bertone mausoleum (individual F4C). There was defosteomyelitis of the left fifth
metacarpal (figure 5.4) and the right radius, each of whielsgmted with obvious cloacae, and
possible osteomyelitic lesions of the left tibia, left fdtumetacarpal, left hamate, and both
calcanei. Because of the distribution of the lesions, itossible this individual suffered from
chronic osteomyelitis, which involves localized foci ofaection that recur through time when

triggered by physical stress (Larsen, 1997, p. 84).

Figure 5.4: Osteomyelitis
Left fifth metacarpal; Casal Bertone FAC, male, 16-20 yelats o

Osteomyelitis is not necessarily fatal, although the pyagleacteria can compromise other
organ systems if they do not remain localized. The expansfae diaphysis of the left
fifth metacarpal of FAC indicates an active or recently actlisease process, as there is no
indication of healing or remodeling of this bone. There wadurther evidence, however, of

this young man’s possible cause of death.

5.1.4 Trauma

Evidence of trauma to bone, namely fractures and dislagsitivas collected from both
skeletal populations primarily as a way to assess whethaplediving in and near a major

urban center were prone to problems of interpersonal vi@eAs with all other pathologies,
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Skeleton Sex Age Trauma Side Bone(s) Affected

ET68 F 41-50 Fracture L rib, medial

ET43 M 31-40 Fracture R fibula

ET41 | Adult Compression L L1

F10A PM 51-60 Fracture L rib2, medial

F11B M 31-40 Fracture L rib, anterior

F1C F 51-60 Spondylolysis L5

F4B F 51-60 Fracture L nasal

F6E F 51-60 Fracture R humeral neck
Fracture R  rib 3-10, anterior
Fracture L  rib 3-10, anterior

F7B M 16-20 Fracture R  parietal

T10 M 31-40 Spondylolysis L5

T18 PM 31-40 Dislocation L TMJ

T21 M 16-20 Fracture R MC4

T24 M 51-60 Fracture R MC5

T28 F 51-60 Fracture L clavicle

T40 M 21-30 Fracture R MC1

T51A F 61-70 Fracture R  radius

T51B I 0-5 Fracture two ribs, medial

T56 I 11-15 Fracture L clavicle

T59 M  Adult Compression C vert

T61 PM Adult Fracture fibula

T69A M 41-50 Fracture rib, medial
Fracture L ulna

T9 I 0-5 Fracture R  rib, medial

Table 5.4: Traumatic Injuries

comparatively few instances of trauma were discovered eskbletons.

A fracture is simply a discontinuity of skeletal tissue, ahdan range in severity from a

minor, partial (greenstick) break to a traumatic, comp{etenminuted) break. The fractures

identified in the populations were almost all well-healeddzhon visual examination of the

skeletal elements. A dislocation is the displacement otwieebones that form a joint. If the

bones are not properly realigned following the injury, ap@moccur to the subchondral bone or

to the bone adjacent to the joint (Ortner, 2003, p. 159). @dwidual suffered a dislocation of

the left temporomandibular joint (TMJ), but otherwise nadewice of dislocations was found

in the skeletal populations.
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There were 24 instances of fractures in the populations stfellaccio Europarco and Casal
Bertone and a total of 21 individuals who suffered at leagt waumatic injury. Individuals
of both sexes and all ages present evidence of fracturguathit is unknown at what age
each individual suffered the trauma. At Castellaccio Earop, only three individuals suffered
trauma out of a total of 45 individuals, or 7% of the populaticAt Casal Bertone, on the
other hand, 19 individuals out of 126 (15%) presented ewidesf trauma, over twice the
frequency as at Castellaccio Europarco. Neverthelesk,sasaf the proportions with Fisher’s
exact test of a two-by-two contingency table did not showisteal significance of the two
proportions p = 0.20). At Casal Bertone, 11 males suffered trauma, or a total &b 20
the male population. Five females suffered trauma out ofx2dnened, or 21% of the female
population. Out of 48 subadults, three had evidence of teaum6% of the subadult sample.

In terms of body parts most affected by trauma, ribs accaufaeeight of the fractures
and vertebrae for four, followed by arm and hand bones (tbaeh) and the clavicle, leg, and
head (at two each). Ribs are easily fractured during phlya#vity, so it is not uncommon
to see healed rib fractures in a skeletal population. Twdefertebral fractures were likely
compression in nature, and two were a special case knowroagdplysis, when the inferior
portion of the vertebral arch is fractured through mecharstress on the spine and the bone
does not knit back together (figure 5.5a). All of these freegucould relate to heavy use of
the body in activities that require lifting, bending, or jping, and advancing age can be a
contributing factor. Fractures of the arms and clavicleghtreflect use of the upper body in
physical activity, and fractures of the metacarpals coudsdent evidence of use of the hands in
physical confrontation, as they are often broken in hantdaiod combat. The two leg fractures
were to fibulae, which are long, thin bones that can be brokeimgl falls or other activities
that place stress on the lateral lower leg.

The two fractures of the skull that were found could be reldteinterpersonal violence
rather than to accidents. F7B was a young male who had eed#rec depression fracture of

his right parietal. The fracture was well-healed and shomgeishdication of what kind of object
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(a) Spondylolysis of L5 - Casal Bertone T10, male(b) Nasal Fracture - Casal Bertone F4B, female,
31-40 years old 51-60 years old

Figure 5.5: Fractures

struck his head. This injury could have resulted from traumfiacted by another individual or
could have resulted from an accident: a trip-and-fall eggs@r an object falling onto his head
from a height. The other instance of cranial trauma comes #dB, an older woman with a
healed fracture on the left lateral border of her nasal ape(figure 5.5b). This kind of nasal
fracture generally results from a forceful blow that pustiesnose to the side rather than from
an impact to the bridge of the nose (Walker, 1997, p. 154)h@\gh it is possible that F4B
accidentally broke her nose, her left nasal bone could haee fractured by a severe trauma
to the face (i.e., a hard punch) by a right-handed assaildr@.multiple injuries sustained by
F6E, particularly the ribs, might add to evidence of viokeagainst women, but the locations
of the fractures and the possible mechanics of the traumaodias clear as F4B’s nasal injury.
Finally, there is evidence that young children sustainadtérres to the ribs. Although ribs
can be fractured during a traumatic birth, rib fracturedaned by infants are predominantly
caused by intentional injury (Bulloch et al., 2000).

Most of the fractures seen in the populations of Casal Bertord Castellaccio Europarco
can be attributed to accidental injury based on the locatifotine traumas and the possible
mechanics behind them. Reliable identification of intespaal violence based on healed frac-
tures, however, is difficult to make. In a cross-culturablgtof nonlethal cranial injuries, Phil

Walker (1997) found a number of trends. Nasal fractures wegemost common injury he
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found, followed by frontal and parietal injuries. Males wanore often affected by cranial
trauma than females. The left side of the cranium was twidiely to be affected by trauma
as the right side. In comparing the two major causes of drémsietures - interpersonal vio-
lence and accidental injuries - among contemporary pebyddker (1997, p. 163) found that
young and middle-aged individuals (15 to 50 years old) safferanial trauma largely from in-
terpersonal violence. Individuals younger and older thasrange more often suffered trauma
because of falls. The cranial fractures suffered by F7B atiél &e therefore consistent with
interpersonal violence; of course, accidental injury cdrive ruled out. The rib fractures on
the female F6E and the children T9 and T51B could also have indlécted by another per-
son, although accidental falls are equally plausible. IKinthree males presented fractured
right metacarpals (T21, T34, and T40). These fractures akrat approximately midshaft
and healed with slight angulation of the bone, which are attaristics of so-called “boxer’s
fractures” (Rogers, 1992) resulting from landing a blowhnat clenched fist. Whether these
men fractured their hands in punching another person, henveannot be determined.
Several male individuals present plausible evidence ofigawflicted trauma, and several
females and children present plausible evidence of hawagitauma inflicted on them. How-
ever, more research involving identification of traumatigiries, particularly in women and
children, is needed before making blanket statements alalehce in ancient Rome. Given
the fact that a large percentage of the male population ateRwas likely to have been in-
volved in the military at some point in their lives, it is suging that there are so few traumatic
injuries seen. Trauma has not been studied comprehengivilg published literature of Ro-
man bioarchaeology, so it is unknown how the populationsagaCBertone and Castellaccio

Europarco compare to other urban and suburban sites.

5.1.5 Congenital Issues

The congenital pathologies identified on the skeletons waostly related to the spine

(spina bifida and scoliosis), but there was also one casesgsiilple clubfoot (table 5.5). The
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cases of spina bifida are straightforward, an example of whan be seen in figure 5.6a.
Spina bifida, a common defect of the fusion of the vertebrehes that leaves the spinal cord
unprotected, was found in three younger individuals. Mod#inical evidence indicates that
a deficiency of folic acid in the gestating mother can leadpioa bifida in the fetus. It is
difficult to tell the severity of this defect in the absencecohnective tissue, which can mask
the vertebral arch deficiency, but all three individuals dboseem to have suffered any serious

complications, such as paraplegia.

Skeleton Sex Age Pathology Bone(s) Affected

ET69 M 21-30 scoliosis vertebrae

ET27 PM 16-20 bilateral clubfoot fibulae, tarsals, MTs, pingles
ET18 F 21-30 spina bifida sacrum

F1A F 16-20 spina bifida sacrum

T53 PM 21-30 spina bifida sacrum

Table 5.5: Congenital Pathologies

Scoliosis, an abnormal lateral curve in the spine, is hameFcognize than spina bifida in
the ancient skeleton because slight deformities might eatden in disarticulated vertebrae.
Only one individual from Castellaccio Europarco presemt&anbar spine whose anterior view
resembled a lateral curve. As the thoracic and cervicalespppeared normal and there was
no indication of asymmetrical development of, for exampihe ribs, it is possible that this
individual suffered instead from compression of the lundg@ne.

Individual ET27 from Castellaccio Europarco might havdengid from the congenital con-
dition of bilateral clubfoot. It is difficult to distinguisbetween congenital conditions and those
that were caused by a paralytic condition later in childh@odh as polio or multiple sclerosis.
ET27’s condition was noticed first in the tarsals of each,fbe¢ of which (calcanei, tali, nav-
iculars, cuboids, and third cuneiforms) have significaetiyarged articular facets that show
evidence of lipping and osteophyte formation. Both tibiad ibulae have areas of periostitis,
and the metatarsals and phalanges are all very lightweigihtmnner than normal shafts. The

vertebrae and pelvis appeared to be unaffected. Archaealawptes indicate this individual
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(a) Spina Bifida - Castellaccio Europarco ET18(b) Possible Clubfoot - Castellaccio Europarco
female, 21-30 years old ET27, probable male, 16-20 years old

Figure 5.6: Congenital Pathologies

was found with rows of nails at his feet, likely the remainsd§pe of tall Roman sandal. This
individual’'s gait was probably different than normal, likaffected by supination of the feet.
The cause of this foot problem is unknown, but a congenisaigsor a disease in childhood are

possible explanations.

5.1.6 Tumors

Tumors in the human skeleton are usually the result of abalgpnoliferation of bone, car-
tilage, or fibrous tissue. When a tumor is localized and cissif mature bone, it is considered
benign, but when its growth is unchecked by the body, it céecabther bones and is called
malignant (Ortner, 2003, p. 503). Only benign tumors werentbin the skeletal populations
from Rome (table 5.6).

Osteomata are commonly found on skeletal remains, almeayalon the skull bones, and
are sometimes called button osteomata because of theie singisize. Individual T14 had an
osteoma on the endocranial surface of his frontal bone.tAnoexostoses are osteomata of the
external auditory meatus, the ear canal, often found inag@logical skeletons (figure 5.7a).

In a study of auditory exostoses from the population at Road Lucus Feroniae, Manzi
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Skeleton Sex Age Pathology Bone(s) Affected

ET43 M  31-40 auditory exostosis left temporal

T10 M  31-40 auditory exostosis both temporals

T14 M 21-30 osteoma frontal, endocranially
T37 PM 31-40 auditory exostosis right temporal

T7 M 41-50 osteochondroma left tibia

Table 5.6: Benign Tumors in the Imperial Populations

(a) External Auditory Exostosis - Casal(b) Osteochondroma - Casal Bertone
Bertone T10, 31-40-year-old male T7, 41-50-year-old male

Figure 5.7: Benign Tumors

and colleagues (1991) found a lack of exostoses in femalea igh frequency in males
from Portus. They suggest that men’s habit of using publibseould have contributed to the
differential development of the exostoses in the two seXesore recent analysis (Crowe et al.,
2010) has suggested that individuals with exostoses atyttrbéhian coastal cities of Portus
and Velia were engaged in water-related occupations, d&ehifan average consumption of
seafood was found in a dietary analysis of these individtials

The three individuals with auditory exostoses from Romeenadt middle-aged males.

Analysis of skeletons from the cemetery at Basiliano just eaCasal Bertone indicated that

2Exposure to cold water cannot be seen as the exclusive gyiéo auditory exostoses, however, as several
pathological conditions that affect the ear canal couldltés an exostosis (Hutchinson et al., 1997).
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6% of the population examined had auditory exostoses, batiteria were provided for how
this figure was calculated nor the sex ratio of the presendbeotumor (Buccellato et al.,
2003). Additional analysis of skeletons from Rome is neadexider to investigate sex bias in
the development of this condition.

Individual T7 presented a probable osteochondroma of theipial tibia. An osteochon-
droma is an exostosis of cartilage rather than bone, likedyrésult of overproduction of carti-
lage during growth, and is a benign tumor. These lesions/aiedily found at the metaphyses
of long bones, most commonly the distal femur and proxintet{Ortner, 2003, p. 508). The
tibia of T7 was badly damaged, by either taphonomic processtra vitam erosion of the
bone, but the location and appearance of the growth is densiwith osteochondroma (fig-
ure 5.7b). Because the left leg bones were fragmentary,uihétear if the osteochondroma

affected this individual’s gait.

5.1.7 Miscellaneous Pathologies

A few additional pathologies could be identified in the twadst populations, including
occurrences of myostitis ossificans, abnormal fusion ofsteenum, and hyperostosis of the
cranium. Five individuals presented evidence of myostsisificans, a condition characterized
by excessive bone formation by muscle tissue, often secpndd@rauma. The most often af-
fected skeletal locales are the insertion and origin pahtbe extensor and adductor muscles
of the upper leg (Ortner, 2003, p. 134). The extra bone faonain the leg bones of F11B,
T73, and ET43 are consistent with myostitis ossificans othigh muscles. ET57 has extra-
neous bone on the clavicle at the origin of the deltoid mugdlee additional individual, F7B,
appears to have the condition on the inferior aspect of hegpdal (figure 5.8a), at the origin
of the digastric muscl&.

Three individuals, two males from Castellaccio Europarmb@ne male from Casal Bertone,

3Interestingly, individual ET82, a middle-aged male fromaBé 1 at Castellaccio Europarco, presented an
identical pillar of bone on the inferior occipital.
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Skeleton Sex Age Pathology Bone(s) Affected

F7B M 16-20 myostitis ossificans occipital

F11B M 31-40 myostitis ossificans right tibia

T73 M 31-40 myostitis ossificans right femur

ET57 PM 41-50 myostitis ossificans right clavicle

ET43 M 31-40 myostitis ossificans left femur

ET103 PM 31-40 abnormal fusion sternum

ET52 PM 21-30 abnormal fusion sternum

F7B M 16-20 abnormal fusion sternum

T53 PM 21-30 abnormal fusion disto-lateral humeral epipghys
F13C F  41-50 internal frontal hyperostosis frontal andetals

Table 5.7: Miscellaneous Pathologies

had abnormally fused sterna. A variety of conditions cardfthe shape and the size of the
sternum (Ortner, 2003, p. 471), so the etiology of thesedfigserna is unclear. One individual
had a misfused disto-lateral humeral epiphysis, which vitlerecongenital or the result of

physiological stress on the bone during growth.

n PR SENE
(a) Myostitis Ossificans - Casal Bertone F7B, 16-20-yedr-o{b) Internal Frontal Hyperostosis - Casal Bertone
male. Cranial base is up. F13C, 41-50-year-old female. Endocranial is up.

Figure 5.8: Miscellaneous Pathologies

A thickening of the endocranial surface of the frontal basidound most often in post-
menopausal women as a result of hormonal changes (Ortn@8, p0416). This condition
is known as internal frontal hyperostosis, and it does ngeap to adversely affect a per-
son. Individual F13C from Casal Bertone, a female in herye#dk, appears to have had this
condition (figure 5.8b), which likely would not have beeninetl had her cranium not been

disarticulated.
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5.2 Dental Pathology

This section reports the analysis of pathological condgiof teeth at Casal Bertone and
Castellaccio Europarco. Each tooth present was assesse#lifience of calculus, carious
lesions, and enamel hypoplasias, and each tooth socketssassad for dental abscesses and
tooth loss.

In all, 2,995 teeth and 3,480 sockets were examined fromitbgbpulations. Teeth were
given a code for presence or absence base8tandardgBuikstra and Ubelaker, 1994). The
number of individuals analyzed from each sample was gesbitay adding individuals with
at least one tooth that could be scored as 1 (present, notclnsian), 2 (present, in occlu-
sion), 4 (antemortem loss), 5 (postmortem loss), 7 (presendamaged), and 8 (present but
unobservable), for a total of 109 individuals at Casal Begtand 34 individuals at Castellaccio
Europarco. The number of teeth in each sample was calculigtadding teeth with scores of
1,2,7,and 8: 2,279 at Casal Bertone and 716 at CastellaccapBrco. Finally, the number
of observable sockets was calculated by summing all teetth sciores 1, 2, 4, 5, 7, and 8:
2,618 at Casal Bertone and 862 at Castellaccio EuroparcegquEncy data for some of the
dental pathologies deviates from the totals above. A tdwhhas a large, destructive carious
lesion, for example, can be scored for caries but not forubadc For overall counts and per-
centages, subadult and adult teeth were added togethedentorprovide a clearer picture of
the pathology load of the entire population. Deciduoustese treated separately at the end
of the chapter, however. Table 5.8 shows the age and seibdigtin for the individuals from

both Casal Bertone and Castellaccio Europarco includduisrdental pathology study.

5.2.1 Demographics of the Samples

There were 109 individuals from Casal Bertone for whom astleme tooth was present.
Of these, 80 had one or more adult teeth, 26 had mixed demtéiod 3 had only deciduous

teeth. In terms of age and sex, there were 46 males, 20 feneadetlts of indeterminate sex,
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and 37 subadults. The underrepresentation of females cechpamales in this population is
statistically significanty? = 10.242,p = 0.0014). Only in the 31-40 age category, however,

is there a significant difference in the number of male andaferindividuals {? = 8.067, p =

0.0045).

Casal Bertone Castellaccio Europarco
Age Range| Male | Female| Unknown | Total | Male | Female| Unknown | Total
0-10 23 23 8 8
11-20 7 4 14 25 4 0 1 5
21-30 6 4 0 10 3 1 0 4
31-40 13 2 1 16 6 0 0 6
41-50 8 4 0 12 3 3 0 6
51+ 3 4 0 7 0 0 0 0
Adult 9 2 5 16 2 0 3 5
Totals 46 20 43 109 | 18 4 12 34

Table 5.8: Age and Sex Distribution of Dental Series

Of the 45 individuals examined from Castellaccio Europa®® (76%) had at least one
tooth present. There were 26 individuals with adult teethith all deciduous teeth, and 7 with
mixed dentition. This can be broken down into 18 males, 4 fema& adults of indeterminate
sex, and 8 subadults. Females represent only 12% of thegtapuland there is a significant
difference in the number of males and femalg$ & 8.909, p = 0.0028). The lack of adult
females in this population, with zero in four of the age categs, means that analysis of dental
data based on sex will not yield significant results.

Both Casal Bertone and Castellaccio Europarco suffer fromralerrepresentation of fe-
males, not only in terms of teeth available for study but algerms of individuals represented
by skeletal material (see chapter 4). It is difficult to funtitompare the demographic structure

of Castellaccio Europarco with that of Casal Bertone bez@afishe small size of the sample.
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5.2.2 Dental Calculus

Plague that mineralizes on a tooth is called calculus (figu®@a). Calculus is composed
of a variety of minerals and can trap phytoliths and foodipkes. Since saliva contains the
minerals involved in plague formation, calculus tends fedifteeth situated near the salivary
glands of the mouth. The lingual surface of the incisors amdres and the buccal surfaces
of the molars are thus the most likely to be affected (Hillst®96). Each tooth was scored
for the presence or absence of calculus base&tandardgBuikstra and Ubelaker, 1994):
small, moderate, or large amounts. On account of the snrajplsasizes, however, the results
reported here group the three calculus categories intoghespresence variable to compare
with complete absence of calculus.

At Casal Bertone, 515 of the 1,459 adult teeth analyzed (3%&##)some degree of calculus
formation. The type of tooth most affected by calculus wasiticisor, followed by the canine,
with 45% of all incisors and 39% of all canines showing somidenwce of calculus. Although
there was no preference for left- or right-sided calculas,handibular arcade was more often
affected (41% of mandibular teeth affected) than the mayilarcade (27% of maxillary teeth
affected), with a statistically significant difference irepalence {? = 40.018, p < 0.0001).

Overall, within the population of Casal Bertone, 76 indivads had calculus on their teeth,
or 70% of the population. Table 5.9 shows the distributiorcaliculus based on age and
sex. There is a clear increase through time, with older iddais generally being more of-
ten affected by calculus than younger individuals. In madawpulations, men tend to have
higher frequencies of calculus than women (Hillson, 199@60), but males and females were
equally affected at Casal Bertone.

Castellaccio Europarco presented a higher percentageetf véth calculus (51%) and
a higher frequency of individuals affected by calculus (33k@n Casal Bertone. Although
right-sided teeth were more often affected (55%) thandefed teeth (47%), this is not a
statistically significant difference. As expected, inecssand canines have a higher frequency of

calculus (69% and 54% respectively) than premolars andmhdidandibular teeth (57%) were
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Casal Bertone Castellaccio Europarco
Age Male | Female| Unknown | Total | Male | Female| Unknown | Total
0-10 34.8 34.8 50 50
11-20 || 85.7 25 71.4 68 100 - 100 100
21-30 | 100 75 - 90 100 100 - 100
31-40| 92.3| 100 0 87.5 || 100 - - 100
41-50 || 87.5| 100 91.6 | 100 100 - 100
51+ 66.7 | 100 - 85.7 - - - -
Adult || 66.7 50 0 43.8 | 100 - 33.3 60
Totals || 84.8 75 41.9 69.7 | 100 100 62.5 85.3

Dashes indicate that no individuals were examined in thatzangl sex category.

Table 5.9: Frequency (%) of Individuals with Calculus

significantly more likely to have calculus than maxillargtie (45%) {2 = 6.154, p = 0.0131).
Out of the 34 individuals examined, 29 (85%) had some amadiedloulus on their teeth. The
small sample size makes it impossible to note trends in tefraex or age.

At both sites, the frequency of calculus among adults watedigh. Castellaccio Eu-
roparco appears to have a somewhat higher overall frequrmajculus within the population
as all adult individuals are affected, and subadults hatidridrequencies of calculus. The
mandibular incisors and canines were the teeth most affdnyecalculus, as shown in ta-
ble 5.10. This table also demonstrates the consistenthehifjequency of calculus at Castel-
laccio Europarco in all tooth types.

The small sample size makes hypothesizing about the diitesebetween the two popula-
tions difficult. It is possible that the two groups were egtthfferent food, or biological and

morphological variation could account for the differengesalculus formation.

5.2.3 Carious Lesions

The disease process of dental caries results in demirerahzof tooth enamel (see fig-
ure 5.9b) and is caused by a variety of factors, includingdyag saliva, and plaque in the
mouth as well as dietary practices (Larsen, 1997). A tot&l, 642 teeth from 143 individuals

were examined for the presence of dental caries based onitaiges inStandardg¢Buikstra
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Casal Bertone Castellaccio Europarco

Arcade Tooth affected| examined| % affected| affected| examined| % affected
Maxilla

Incisors 33 171 19.3 25 55 45,5

Canine 28 90 31.1 15 36 41.7

Premolars| 49 168 29.2 28 70 40

Molars 74 250 29.6 42 85 49.4
Mandible

Incisors 125 184 67.9 54 60 90

Canine 49 96 46.9 23 35 65.7

Premolars 74 214 34.6 36 71 50.7

Molars 83 286 29.0 37 90 41.1
Total 515 1459 35.3 260 502 51.8

Table 5.10: Calculus Frequency (%) by Tooth

(a) Calculus - Casal Bertone F1C, 21-30-year-olgh) Caries - Castellaccio Europarco ET18, 21-30-
year-old female

female

Figure 5.9: Dental Pathologies - Calculus and Caries

and Ubelaker, 1994). Lesions were recorded based on locaticclusal surface, interprox-

imal surface, smooth surface, cervical lesion, root lesiarge lesion, and noncarious pulp

exposure. In this analysis, root lesions are omitted becatitheir different etiology (Hillson,

1996), and noncarious pulp exposure is omitted becausendtia true lesion (Buikstra and

Ubelaker, 1994).

Researchers have used a variety of techniques to repodldm=mies in skeletal samples.

The method most often used in the past to report dental daeigsencies is calculated by di-

viding the number of teeth with carious lesions by the nundféeeth observed in the sample
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(Larsen et al., 1991). This statistic, however, can ovpragent dental caries within a popu-
lation if a small number of individuals have numerous lesidRrequencies of carious lesions
were also calculated for individuals, and this statistioas affected by the degree of caries
in any one individual (Hutchinson, 2002). These calculaido not account for antemortem
tooth loss (AMTL) that might have resulted from carious ¢es. At least three different re-

searchers have proposed methods to correct this. The di@eaissing index (DMI), also

called the decayed, missing, filled index (DMF), involvediad the carious teeth and the teeth
lost antemortem and dividing that by the sum of observaldéhtand teeth lost antemortem
(Klein et al., 1938). This index, however, assumes thategi lost antemortem were the re-
sult of dental caries, when in reality periodontal diseasealso cause AMTL (Hillson, 1996).

The caries correction factor created by Lukacs (1995) udé$lAand carious pulp exposure.

Because this study did not collect information on carioulp xposure, the caries correction
factor cannot be applied. Hillson (1996) notes that becaadgeus lesions are more commonin
molars, which tend to be less affected by postmortem losgpalption with a large number of

anterior teeth lost postmortem will have an inflated cariesson frequency. Erdal and Duyar
(1999) developed a proportional correction factor for skesmphat deviate from the expected
ratio of incisors to canines to premolars to molars. In a ragadrant of the mouth, there are
3 anterior and 5 posterior teeth, which produces a ratio@f B8t Casal Bertone and Castel-
laccio Europarco, of the teeth examined for carious lesithesratios of anterior to posterior

teeth were 62% and 61% respectively, so the proportionatcton factor should not change
the frequency of carious lesions in either population. €fae, no caries correction factors
were used in this study. Reported in this section are toetjuiency (number of teeth affected)
in table 5.11 and individual frequency (individuals affst) in table 5.12. In both tables, the
first line in an age category is the count and the second litteeifrequency. For these tables,
subadults are included for the purpose of generating austesion frequency for the entire

population. The deciduous dentition will be further brokkwn in a subsequent section.
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Casal Bertone Castellaccio Europarco
Age Male | Female| Unknown| Total Male | Female| Unknown | Total
0-10 71219 7/219 0/95 0/95
3.2 3.2 0 0
11-20 7/182 | 2/68 7/304 16/554 || 2/95 - 0/26 2/121
3.9 29 2.3 2.9 2.1 - 0 1.7
21-30 4/151 | 1/59 - 5/210 2/87 3/26 - 5/113
2.7 1.7 - 2.4 2.3 115 - 4.4
31-40 15/341| 0/34 1/21 16/396 || 29/116 - - 29/116
4.4 0 4.8 4.0 25 - - 25
41-50 10/180| 17/112 - 27/292 || 4/46 7179 - 11/125
5.6 15.2 - 9.3 8.7 8.9 - 8.8
51+ 6/55 5/82 - 11/137 - - - -
10.9 6.1 - 8.0 - - - -
Adult 8/49 1/35 2/25 11/109 || 2/27 - 3/28 5/55
16.3 29 8.0 10.1 7.4 - 10.7 9.1
Overall # || 50/958| 26/390 | 17/569 | 93/1917| 39/371| 10/105| 3/149 | 52/625
Overall % 5.2 6.7 3.0 4.9 10.5 9.5 2.0 8.3
Dashes indicate that no individuals were examined in thatzengl sex category.

Table 5.11: Dental Caries - Number and Frequency of Teethcidtl

The Casal Bertone population had an overall carious lesexuency of 4.9%. This num-
ber is relatively low for an agricultural population. Langg.997) calculated total carious lesion
percentages based on data from Turner (1979) and foundaifeagifg populations averaged
a carious lesion frequency of 1.7%, mixed foraging and agitical populations were 4.4%,
and agricultural populations had a frequency of 8 6%he high frequency of carious lesions
in agricultural populations in the Americas has been attat to the rise in consumption of
maize, a cariogenic food. In Europe, high carious lesiogueacies have been linked to eat-
ing honey and sweet sticky fruits (Larsen, 1997, p. 71). DheCasal Bertone carious lesion
frequency, however, needs a different explanation. The hke$y causes include a diet low in
cariogenic foods or good dental hygiene. Both of these agtians will be explored further

below and in chapter 6. As expected, the majority of cari@ssohs were found in molars,

“Nevertheless, other studies have shown that populationsitecessarily conform to these expected carious
lesion frequencies. Hutchinson (2002), for example, fohigth frequencies of teeth affected by caries, 17-19%,
in non-agricultural Native American populations on the thiaCarolina coast.
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Casal Bertone Castellaccio Europarco
Age Male | Female| Unknown| Total | Male | Female| Unknown | Total
0-10 7123 7123 0/8 0/8
30.4 30.4 0 0
11-20 3/7 2/4 4/14 9/25 1/4 - 0/1 1/5
42.9 50 28.6 36 25 - 0 20
21-30 3/6 1/4 - 4/10 1/3 1/1 - 2/4
50 25 - 40 33.3| 100 - 50
31-40 8/13 0/2 1/1 9/16 4/6 - - 4/6
61.5 0 100 56.3 | 66.7 - - 66.7
41-50 3/8 4/4 - 7112 1/3 3/3 - 4/6
37.5 100 - 58.3 || 33.3| 100 - 66.7
51+ 2/3 3/4 - 5/7 - - - -
66.7 75 - 71.4 - - - -
Adult 3/9 1/2 2/5 6/16 1/2 - 1/3 2/5
33.3 50 40 37.5 50 - 33.3 40
Overall # || 22/46| 11/20 14/43 | 47/109| 8/18 4/4 1/12 13/34
Overall %| 47.8 55 32.6 43.1 || 444 | 100 8.3 38.2
Dashes indicate that no individuals were examined in thateaugl sex category.

Table 5.12: Dental Caries - Number and Frequency of IndalslAffected

with a decreasing prevalence towards the anterior teetle. niéndibular teeth were slightly
more affected by carious lesions (5.3% of teeth) than thellagxteeth (4.5%), but this result
is not statistically significant. Carious lesions affectefi-sided teeth (5.3% of teeth) more
than right-sided (4.6%), but there is no statistical sigaffice to this difference. Of the 93
lesions, the most common were interproximal lesions (6101 #l lesions), followed by oc-
clusal (16.7%), large (14.4%), cervical (4.4%), and roo8%3). No instances of noncarious
pulp exposure were noted in this population.

Males and females had slightly different frequencies oiocar lesions, with 5.1% of male
teeth and 6.7% of female teeth having a lesion. This difiegenas tested using the Mann-
Whitney U statistic and found not to be significant. When @asilesions are examined by
individual, 47.8% of males suffered from at least one lesiod 55% of females did. It appears
that females had slightly more carious lesions than maléshdith in terms of teeth affected

(degree) and in terms of individuals affected. This is naisual, as there is often a greater

126



caries prevalence in females in a population (Larsen, 19972). There is a slight increase
in carious lesion prevalence based on increasing agecplarty in the number of male teeth
affected. Interestingly, females age 41-50 have a 15%uwsitesion frequency by teeth. How-
ever, these 112 teeth come from only 4 individuals. Thesalescould have had a different
diet or could have lacked the dental hygiene that other aduthe population had.

The population from Castellaccio Europarco had an ovegibas lesion frequency of
8.3%, which is reasonable for a population that subsisted lamgely agricultural diet. This
frequency could be influenced by diet, such as the consumpfisticky, carbohydrate-based
foods, or by dental hygiene. The majority of the 52 lesion®davere discovered on molars,
with 13.7% of all molars in the sample affected by caries. p8singly, there is a higher
frequency of carious lesions on the incisors (n=7, 4.9% binaisors) than on the canines
(n=2, 2.7% of all canines). This could be related to the sisehple size or to the degree of
wear on the anterior teeth of this population. The maxiltegth (10.9%) were more often
affected by carious lesions than the mandibular teeth (¥,.48@ left-sided teeth (9.8%) were
more affected than right-sided teeth (8.3%). Neither o$¢hesults is statistically significant,
however. Of the 52 lesions, the majority were interproxitasions (53.9%), followed by large
carious lesions (15.4%), cervical lesions (11.5%), o&llessions (9.6%), and root lesions
(1.9%). There were four instances of noncarious pulp exgoroted, but these were not
tabulated with the data for this analysis.

Within the Castellaccio Europarco population, male teeéineamore often affected than
female teeth (10.5% and 9.5% of teeth, respectively); hewe4% of males had at least one
carious lesion whereas 100% of females did. The differendedividuals is most likely due
to the very small sample, as only four female adults had téethcould be examined. Three
of these were in the 41-50 age category, which is an advargeébaa Roman woman. The
paucity of adult individuals in general means that no diat#ly significant results can be
obtained in terms of age and sex differences. No deciduaibk feom this population had

carious lesions.
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The two sites in this study are contemporaneous but werdddabout 12 km apart in
antiquity: Casal Bertone was just outside the city walls ofrfe, while Castellaccio Europarco
was located in theuburbium The archaeological context of Casal Bertone implies thiat t
was an agricultural and industrial area as indicated by thegmce of a villa and a fullery or
tannery, whereas Castellaccio Europarco had only a vilteveas likely a largely agricultural
area in the suburbs. The overall carious lesion frequencZésal Bertone (4.9%) is signifi-
cantly lower than that of Castellaccio Europarco (8.3%)e o most likely explanations for
this difference are diet and dental hygiene. The populaiahe more intensely agricultural
Castellaccio Europarco might have been eating more cariodgeods, while the population
at Casal Bertone might have had more access to meat. In g§endraduals who practiced
a skilled trade in Rome, whether slave or free, were of a lmigteus and had more income
than farmers (Bradley, 1994; Garnsey, 1988), which coufadla® more access to meat and
the consumption of a different diet at Casal Bertone. Demygliene could also have con-
tributed to the frequency of carious lesions. Some Romahsldan their teeth, with a variety
of substances, and higher status individuals were morly ltkedo so (Cruse, 2004). Dietary
differences between Casal Bertone and Castellaccio Exgopall be discussed in more detail

in chapter 6.

5.2.4 Dental Abscesses

Untreated caries or other inflammatory processes can leaddental abscess, which is
the accumulation and eventual drainage of pus through thiegae (see figure 5.10a). Most
abscesses create a tunnel or fistula on the buccal side aivthigcause of the thin bone in
this area, but they can also appear lingually (Hillson, 29%ew abscesses were found in
either population: 23 at Casal Bertone and 16 at Castetldéaroparco. This number could
be artificially low because abscesses were only scored wiese tvas a fistula in the bone.
The jaws were not examined for abscesses that did not breakgih the bone.

There were 1,950 adult tooth sockets observed from the Besdbne population and
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29 abscesses, for a frequency of 1.5% of all sockets that aféeeted by an abscess. The
majority of these abscesses were located on the buccal/kide of the mouth (n=15, 65%)
and in the maxillary arcade (n=14, 61%). Molars were mosicifd, with 65% of abscesses
being associated with that tooth type, followed by incig@&96), premolars (9%), and canines
(4%). In terms of sex, 1% of all male sockets had an absceske 24 of all female sockets
were affected. This difference is not statistically sigrafit, however. Of the 86 individuals
from Casal Bertone who presented sockets that could besaskfes an abscess, 20 had at least
one abscess (23%).

There were 16 abscesses found in 702 observable socketstatll@aio Europarco, for
a frequency of 2% of sockets affected by abscesses. Of th2s@5%) were located buc-
cally/labially. Maxillary and mandibular sockets were atiy affected (50%). Eight of the
16 abscesses were found on molars (50%), followed by ire{&i%), premolars (13%), and
canines (6%). In this population, male sockets had a slidtiher frequency of abscesses
(3%) than female sockets (2%), although the difference isstatistically significant. Of the
25 individuals from Castellaccio Europarco who presentadkets that could be assessed for
an abscess, 9 had at least one abscess (36%).

Because of the small number of abscesses present in theskagpaps, further breakdown
based on age and sex categories was not done. CastellacopaEeo does have a slightly
higher frequency of abscesses than Casal Bertone, whiobt isnexpected considering the

higher frequencies of calculus and carious lesions in thmi@ation as well.

5.2.5 Tooth Loss

Postmortem Tooth Los3eeth are often lost after death in an archaeological gbatethe
soft tissue structures that help anchor teeth to the jawnduife disintegrate. Poor archae-
ological recovery techniques also contribute to the phesman of missing teeth. The most
frequently lost teeth are the single-rooted incisors amines, and molars are often retained

on account of their numerous splayed roots. All teeth weverga presence/absence score
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(a) Abscess - Casal Bertone T13, 61-70-year-o{th) AMTL - Castellaccio Europarco ET40, 41-50-
male year-old female

Figure 5.10: Dental Pathologies - Abscess and AMTL

based orStandardswith one code specifically denoting “missing, with no allsgw@esorption:
postmortem loss” (Buikstra and Ubelaker, 1994, p. 49).

At Casal Bertone, there were 219 teeth recorded as missisighpotem out of 2,618 ob-
served sockets, a frequency of 8% teeth missing. Predycthlel incisors were lost most often,
accounting for 47% of all teeth lost postmortem, followedclyines (21%), premolars (17%),
and molars (15%). The frequency of postmortem loss was aidpiteh at Castellaccio Eu-
roparco, with 100 teeth lost out of 862 sockets (12%). Ouhesé 100 lost teeth, 54% were
incisors, 18% canines, 14% premolars, and 14% molars.

Antemortem Tooth LosPiseased and decayed teeth can fall out of the mouth duning a
individual’s life, and the alveolus will heal, leaving a satb, flat area where a tooth once
was (see figure 5.10b). Although periodontal disease, wihiablves a loss of alveolar bone,
can lead to tooth loss, it is not always possible to attrilautiEemortem tooth loss (AMTL) to
caries, periodontitis, dental hygiene, or diet (Larse®,719. 77-8). There does, however, seem
to be a correlation between the frequencies of cariousiesaiad AMTL in many populations
(ibid.). In the Roman world, ancient authors such as CeldesMedicinaVIl.12) attest to
the extraction of painful or decayed teeth, although it wasentommon for a physician to

prescribe a poultice for healing the tooth and gums (Cru8842 Some skeletal evidence

130



exists of dental surgery in ancient Italy (Robb, 1997). Ambetem loss was noted based on

StandardgBuikstra and Ubelaker, 1994, p. 49): tooth “missing, withealus resorbing or

fully resorbed: premortem loss.”

AMTL frequencies in both populations were relatively lowtw4.6% of teeth (120 out of

2,618) lost antemortem at Casal Bertone and 5.3% (46 out2)f &BCastellaccio Europarco.

Table 5.13 breaks down the frequency of loss by age and segaras.

Casal Bertone Castellaccio Europarco
Age Male | Female| Unknown| Total || Male | Female| Unknown| Total
0-10 1/23 1/23 0/8 0/8
4.4 4.4 0 0
11-20 o/7 0/4 0/14 0/25 1/4 - 0/1 1/5
0 0 0 0 25 - 0 20
21-30 0/6 0/4 - 0/10 2/3 1/1 - 3/4
0 0 - 0 66.7 100 - 75
31-40 9/13 1/2 1/1 11/16 || 6/6 - - 6/6
69.2 50 0 68.8 100 - - 100
41-50 6/8 2/4 - 8/12 1/3 1/3 - 2/6
75 50 - 66.7 33.3| 333 - 33.3
51+ 3/3 3/4 - 5/7 - - - -
100 75 - 71.4 - - - -
Adult 2/9 0/2 0/5 2/16 0/2 - 1/3 1/5
22.2 0 0 12.5 0 - 33.3 20
Overall # | 20/46| 6/20 2/43 27/109| 10/18| 2/4 1/12 13/34
Overall %| 43.5 30 4.7 24.8 | 55.6 50 8.3 38.2
Dashes indicate that no individuals were examined in thatzangl sex category.

Table 5.13: AMTL - Number and Frequency of Individuals Atied

Molars were lost most frequently at Casal Bertone, with 58%llcAMTL affecting this
tooth type, followed by premolars (23%), incisors (15%)d aranines (4%). Of the male
individuals present, 44% lost at least one tooth prior taldesand 30% of females lost one or
more teeth. This difference is not, however, statisticaigynificant. The frequency of AMTL
appears to increase with an individual’'s age. At Castelte€aroparco, the AMTL frequency
is 5.3%, or 46 teeth lost from 862 observable sockets. Of thiodgt teeth, 27 were molars

(59%), while incisors accounted for 24% of teeth lost (ns=Jtgmolars for 13% (n=6), and
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canines for 4% (n=2). Males and females were affected velgtequally, with 56% of males
and 50% of females suffering at least one instance of AMTIle (sdble 5.13). Because of
the scattered data available for this population, no camehs about age differences can be
made. The patterns of tooth loss at both Casal Bertone artdlf@asio Europarco are similar.
The overall frequency is very close, molars were most adfiett both sites, and males were

affected slightly more often than females.

5.2.6 Enamel Hypoplasias

Hypoplasias are macrodefects in dental enamel, usuallyeriarm of a line or a pit, and
are thought to represent non-specific, systemic metaliofissthat lasts from several weeks to
months and concomitantly disrupts amelogenesis (enamielafement) (Larsen, 1997, p. 47).
Anterior teeth (incisors and canines) are more often afieby hypoplasias than posterior teeth
(premolars and molars). By measuring the distance betweeoenter of the hypoplasia and
the cementoenamel junction, it is possible to calculateaffgroximate age in an individual’'s
life at which the disruption occurred (Martin et al., 2008)any researchers have found that
hypoplasias in the anterior teeth peak in a population betvteo and four years of age, and
weaning is a plausible explanation for the chronology ofdiseuption (Larsen, 1997, p. 48).
Blakey and colleagues (1994), however, found that the péddymoplasia frequencies in a
Southern U.S. slave population was between 1.5-4.5 yeaagafleading them to look into
other explanations, such as disease and malnutrition.

In this study, each tooth was studied for evidence of enaryebdplasias and recorded
following the methods irStandards(Buikstra and Ubelaker, 1994). All hypoplasias were
recorded, no matter the form (e.g., linear, pit) or tootly.(eanterior or posterior). Surpris-
ingly few hypoplasias of any type were found in the two Romametery populations. In
order to present data that are comparable to the findingbat Roman area cemeteries, how-
ever, the remainder of the discussion specifically addsdgsear enamel hypoplasias (LEH),

or enamel macrodefects that present as a line or band ondtiedorface.
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At Casal Bertone, 52 adult teeth out of 1,962 examined (2 128d)evidence of LEH, and
there were no deciduous teeth with hypoplasias. Out of the@Siduals who presented at
least one adult tooth, 18 (19%) had at least one hypoplasian$ng the adult and deciduous
dentitions gives 2.5% of all teeth with hypoplasia and 18afuit13 individuals (16%). There
were hypoplasias in 40 out of 739 (5%) anterior permanett ieehis population.

At Castellaccio Europarco, 14 adult teeth out of 563 exathi{2e5%) presented a linear
enamel hypoplasia, and 4 out of 25 people with adult teetbojltad at least one hypoplasia.
In the subadult population, there was one hypoplasia in kaaf 73 teeth (1.4%), and one
subadult out of seven examined (14%) had a hypoplasia. &b, tbb out of 636 adult and
deciduous teeth examined from this site (2.4%) had a hyp@pland 5 out of 26 individuals
(19%) had at least one hypoplasia. In terms of anterior peemizteeth, out of 218 examined,
10 had a linear enamel hypoplasia (5%).

There are too few individuals with hypoplasias to invegggaeaningful sex or age dif-
ferences in their frequency. Individual T10 from Casal Bed, however, accounted for 12
out of the 52 LEHSs found, roughly one-quarter of the hypajpddssions (figure 5.11a). As
LEH is indicative of systemic metabolic stress, multiplstances of LEH are often found on
individuals who were stressed for long periods of time indiiwod. As noted above, this in-
dividual also presented additional issues, such as kalleeditory exostoses, spondylolysis of
the fifth lumbar vertebra, and other dental issues. Only emodies were found to have linear
enamel hypoplasias on the anterior teeth, both of them atl®astone, but it is unclear if this
is related to an underrepresentation of females in the tstebcord or the result of less phys-
iological stress. The age at which these enamel disturlsamoaurred is different in the two
populations. The distance in millimeters between the cesftthe hypoplasia and the cemen-
toenamel junction was measured for all teeth using vermilpers. For the anterior teeth, age
at which the disturbance occurred was calculated basedeargjnession equations of Sward-
stedt (1966) as presented in table 2 of Martin et al. (2008 rEsults for Casal Bertone and

Castellaccio Europarco are provided in table 5.14.
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VET

Skeleton Sex Age| LNC LNI2 LNI1 LXC LXI2 LXI1 RNC RNI2 RNI1 RXC RXI2 RXI1
ET17 I 6-10 1.9 2.0 2.3

ET27 PM 16-20| 3.2 2.5 3.6 2.6
ET103 PM 31-40| 4.3 2.5 1.9 4.7 2.2 2.2

T63A I 6-10 3.9

T72 I 11-15| 3.8 3.8 3.9 3.2

T11 I 11-15| 49 5.0

T32 I 11-15 1.7 1.9 27 2.7 2.1 1.7 2.8
F1A F16-20| 3.1

T23 M 21-30 3.5

F1B M 31-40| 4.0 4.3

T76 PM 31-40| 4.8 4.6

T10 M 31-40| 5.0 3.0 3.7 27 45 3.6 3.0 2.6
T30 PF 41-50 4.3

F3C M  41-50 2.3

T63B Adult 1.8 1.9 2.1 2.1

T61 PM  Adult 4.5

F3B I Adult 2.5 1.6

Table 5.14: Age in Years at Linear Enamel Hypoplasia Ocageeby Tooth
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Figure 5.11: Linear Enamel Hypoplasias

Although the sample populations with enamel hypoplasiesarall, there is a clear differ-
ence between the two sites as indicated in figure 5.11b. Atrbalb Castellaccio Europarco,
there is a peak in hypoplasia frequency between the ages ahdl.2.5. This peak could repre-
sent the time at which these individuals were weaned, as Revoaen nursed (or contracted
another woman to nurse) their children for anywhere from @tn®to 3 years (see chapters 6
and 7). At urban Casal Bertone, on the other hand, there ide@o distribution of the ages
at which hypoplasias occurred. A number of individualsengtl disruption of enamel growth
in the 1.5-to-2.5-year period, but a fair fraction of the plapion with hypoplasias got them
in later childhood, long after weaning likely took place would appear that, once the initial
period of physiological stress from 1.5 to 2.5 years ocalimepeople from suburban Castel-
laccio Europarco, there was no other significant time ofsstrd®hysiological stress at Casal

Bertone, however, was more constant through the formagaesyof childhood.

5.2.7 Deciduous Dentition

The deciduous dentition, in addition to being included iem@ population counts above,

was investigated separately based on additional age casg®ery few subadult teeth were
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found at Castellaccio Europarco, with no evidence of cagbscesses, or AMTL in the decid-
uous dentition in this population. Table 5.15 shows the kmtean of dental pathologies based
on two subadult age categories: 0-5 and 6-10. There was owydeciduous tooth found in
the 11-15 age range at either site, and it did not have angpealof dental disease. Calculus
and carious lesion frequencies are based on number of atideneeth, while abscesses and

AMTL are based on the observability of specific dental alieol

Casal Bertone Castellaccio Europarco

Age Calculus| Caries| Abscess| AMTL | Calculus| Caries| Abscess AMTL

0-5 2/69 2/69 0/63 0/173 0/27 0/27 0/36 0/78
2.9 2.9 0 0 0 0 0 0

6-11 11/80 | 3/80 1/65 2/114 4/36 0/36 0/32 0/42
13.8 3.8 15 1.8 11.1 0 0 0

Overall # || 13/149 | 5/149 | 1/128 | 2/287 4/63 0/63 0/68 0/120
Overall % 8.7 3.4 0.8 0.7 6.3 0 0 0

Table 5.15: Deciduous Dentition - Number and Percentagecot® Pathologies

The results of the pathology analysis of the deciduous tiemtare not surprising. The
frequency of carious lesions in both subadult populatisriew but increases from the earlier
to later age groups at Casal Bertone. Calculus also shovend towards more prevalence
with increasing age. At Casal Bertone, 0-5-year-olds haaleutus frequency of 3%, which
increased to 14% at age 6-10, 68% at 11-20, and nearly 100%dividuals over 21. The
frequencies of AMTL and abscesses in children are too lovetmdicative of trends in either

population. In general, subadults in these populations haalthy teeth.

5.3 Discussion

Comparing the results of the pathology analysis of the patmris at Casal Bertone and
Castellaccio Europarco is problematic owing to: a) the laiggublished data on Imperial Ro-
man cemeteries; b) different methodologies for collecéind reporting pathology frequencies

owing to different academic traditions that led to the pracof bioarchaeology; and c) the fact
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that the methodology used is rarely published in the summudigies from which much of the
comparative pathology data are drawn. The closest Romagteeyrthat has been published
in depth is Isola Sacra from Portus (Manzi et al., 1991, 19989wse, 2001; Prowse et al.,
2004, 2005, 2007). Numerous sites from the Romsaourbium however, have been partially
published, usually in articles that summarize severas sit@nce in terms of demography and
pathology. As noted above, in this study, pathologies wagatified based primarily on Ortner
(2003) and were recorded largely based on the methods ghtifoStandardgBuikstra and
Ubelaker, 1994). Because of these differences, it is implesgo make direct comparisons
among the data generated in this study and the data publisiracbther sites. Nevertheless,
broad trends in the skeletal and dental pathologies canvbstigated in populations from sites
in the Imperial Romarsuburbiumand rural Latium, and these trends can be compared with

what is historically known about disease in ancient Rome.

5.3.1 Skeletal Pathology

No published Imperial cemeteries list frequencies of astgalitis, nor did any report the
presence of infectious diseases such as tuberculosissigpr treponemal disease, or nutri-
tional diseases such as scurvy and rickets. The skeletablpgies collected in this study that
could be compared with at least one other published Impst&lnclude porotic hyperostosis,
trauma, auditory exostoses, osteoarthritis, Schmortiespand periosteal reaction. The Impe-
rial sites in table 5.16 are arranged based on increasitgndis from the city walls of Rome,
with the study sites highlighted in bold. All sites were ltazhin the southeast quadrant of the
suburbiumor the wider region of Lazio.

Of the comparative pathologies presented in table 5.1, porotic hyperostosis is regu-
larly reported with respect to both frequencies and methusesl to collect the data. Porotic
hyperostosis frequencies are calculated as number ofichails with at least one orbit affected
by cribra orbitalia divided by the total number of individsiavith at least one orbit examined;

and the number of individuals with at least one area of ciebaaii divided by the total number
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Cribra  Cribra Trauma Auditory Osteo- Schmorl’s Periosteal

Orbitalia  Cranii Exostoses arthritis Nodes Reaction
Casal Bertone 17.5 1.2 15.1 2.4 33.3 17.9 23.8
Basiliano/Collatin& 65 50 32 5.7 — — —
Quadrarg3 8 — 0 — 80 30 7.7
Castellaccio Europarco 13.6 9.4 6.7 3 32.3 9.7 35.5
Osteria del Curatb 79.2 53.6 — — — — —
Vallerang-3® 69.2 26.8 21-27 — 60 6 2.7
Gabi 0 — — — 50 — —
Lucus Feronia&™8 49.5 10.7 30.2 2.8 72.1 — —
San Vittoring> 0 — 21-27 — 70 18 33.3

1Buccellato et al. (2003Y.0ttini et al. (2001)3Catalano et al. (2001a)Egidi et al. (2003).
5Cucina et al. (2006 Salvadei et al. (2001YSperduti (1997)8Manzi et al. (1991).

Table 5.16: Comparative Imperial Populations - Skeletéh®&lagy Frequencies (%)

of individuals for whom at least one-third of the cranium leblbe examined. There appears to
be no clear pattern to the frequency data on porotic hypesissthowever. The sites of Basil-
iano (Buccellato et al., 2003)Dsteria del Curato (Egidi et al., 2003), Vallerano (Cucinalg
2006), and Lucus Feroniae (Salvadei et al., 2001) have lezsonably well published and all
present high frequencies of cribra orbitalia in the popafet. Lucus Feroniae, however, has a
comparatively low frequency of cribra cranii, similar tathof Castellaccio Europarco. Of the
well-studied sites, Casal Bertone and Castellaccio Eucogaresent the lowest frequencies of
both porotic hyperostosis conditions. Interestingly, saetence found in a rather obscure Ital-
ian article (Ottini et al., 2001) offhandedly notes that @uzao, about midway between the two
study sites geographically, had a cribra orbitalia freqyenf 8%. These researchers further
note that Gabii and San Vittorino, located a few dozen kiltarsepast Rome in th&uburbium
had absolutely no indication of cribra orbitalia. Thesetvhfferences could be related to ob-
server method, bias, or the taphonomy of the sample, or 8eadé ecology of Latium could
have been as strikingly varied as the geology (see chapter 8)

The frequency of trauma at the published Imperial Roman tenmes varies, but not quite

5As noted in chapter 4, this cemetery, which held over 2,08&iduals, was initially published as the necrop-
olis of Via Basiliano (Buccellato et al., 2003), but a recarticle calls it the necropolis of Collatina (Buccellato
et al., 2008a). In the latter, only brief, summary frequencivere reported for the skeletal remains, but they dif-
fered from the original report. There is no information agh® composition of the sample population(s) studied,
however, so it is unclear which are the correct numbers.
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as widely as porotic hyperostosis or osteoarthritis. CBsalone and Castellaccio Europarco
are the populations with the lowest frequencies of traumtabath periurban Basiliano and

rural Lucus Feroniae, trauma affected about one-third efgbpulation, while at suburban

Vallerano, only around one-quarter of the population hadeswe of trauma. The types of
trauma and sex ratios were not collected in all comparativéies, but some reported higher
frequencies of males affected by trauma (e.g., Buccellzab €2003)).

Osteoarthritis is similarly low at Casal Bertone and Céatelo Europarco, with one out of
every three individuals studied having evidence of ostbo#is, whereas the other published
sites range from 50-80% of the population affected. Thegsa, deowever, are likely to be
affected by different collection methodologies. The ré@dmumbers for Casal Bertone and
Castellaccio Europarco are for osteoarthritis alone andoddnclude degenerative changes; if
the latter numbers are reported for each site, the frequecoyases to 72% for Casal Bertone
and 68% for Castellaccio Europarco, well within the rangéhefother Imperial sites. Addi-
tionally, at least two of the comparative sites appear toepenting osteoarthritis frequencies
for just the vertebral column (Ottini et al., 2001). For otiyee other populations have fre-
guencies of Schmorl’s nodes been reported. Suburban &abidras a slightly lower frequency
than Castellaccio Europarco, which was about 1 km away, rdigiduals at periurban Casal
Bertone were affected more often than either of these sabypbpulations. It is unfortunate
that there is currently no published information on degativg issues at Basiliano, which was
located close to Casal Bertone.

Although no researchers have published any informationsb@omnyelitis, a few note the
frequency of periosteal reaction within the population.a@uaro and Vallerano, both subur-
ban sites, have very low frequencies of this condition,ipaldrly when compared with Casal
Bertone and Castellaccio Europarco. San Vittorino, latatghe eastern rural countryside of
Lazio, however, has a frequency of individuals affected byigsteal reaction similar to the
study sites. With such a low frequency of porotic hyperastasQuadraro, the low frequency

of periostitis is not surprising. However, the high freqcies of pathologies at Vallerano lead
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me to suspect the validity of the extremely low frequency erigsteal reaction in the popula-
tion.

Finally, the analyzed sample from the skeletal populatioBasiliano had a frequency of
6% auditory exostoses, which researchers compared withirtliemg of 31% at Isola Sacra
at Portus (Manzi et al., 1991). Based on a correlation betve¢ernal auditory exostosis
presence and increased consumption of seafood at Portusoasthl Velia, researchers hy-
pothesize that the people at Isola Sacra, particularly tee, were either frequenting public
baths or working in water-related occupations (Crowe e&l10). A low frequency of these
lesions was also found at rural Lucus Feroniae. Based orothdéréquency of auditory ex-
ostoses from the periurban populations at Casal Berton€astellaccio Europarco, it is not
clear what their etiology is. The individuals with exostesee all middle-aged males, how-
ever, so more research needs to be done on the frequency ih these tumors are found in
Imperial populations around the city and in other areas @Empire with a culture of public
baths.

In terms of comparative measures of health of populatioosrat the Romasuburbium
based on the bony skeleton, only porotic hyperostosis isrtegh widely enough to provide
data from different locations. It is currently unclear, lewsr, what caused these anemic re-
actions, making it impossible to draw conclusions aboutéhative health of the populations
based on this single marker of nonspecific disease. Conmptrendata published from peri-
urban Basiliano with that from periurban Casal Bertonedatis that the latter population
was healthier using the metrics of porotic hyperostosis tazwgma. Suburban Castellaccio
Europarco similarly appears to be a healthier populati@m tthe suburban sites of Osteria
del Curato and Vallerano. The latter, however, has loweyueacies of Schmorl’s nodes and
periosteal reaction than Castellaccio Europarco, pgssidicating a slightly less physically
active population.

The figures in table 5.16 clearly indicate that much more wm&ds to be done and many
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more suburban and periurban Roman cemetery populatiomstogse published. It is un-
fortunate that cemeteries such as Quadraro and Gabii aggubbshed individually, as their
surprisingly low frequencies of skeletal pathologies dadie that the Romasuburbiumwas
not a homogeneous place. Whether the heterogeneity rétaties populations themselves or
to their geographical locations, however, is currentlynown. In order to understand what
the varying frequencies of skeletal pathologies at diffesites indicate about the Roman pop-

ulation and the disease ecology of Lazio, additional daganaeded.

5.3.2 Dental Pathology

The majority of bioarchaeological investigations of déphology in the Roman world
have focused on populations that lived in the provinces efRbman Empire. Older reports
that do focus on Rome and lItaly are not thoroughly publisketh only scattered references
to statistics such as total percent caries. For examplecMa@lli et al. (1988) note that two
samples from the Iron Age have “percent of decayed teeth9di% and 8.6%, while another
Imperial sample has a frequency of 11.9%. The Soprinteradémnezheologica di Roma has
started a large-scale synthesis of dental data from siteaghout Italy from a variety of time
periods. Data from the present project will be added to thidys Carious lesion informa-
tion from these two sites and several other Imperial sites1fRome will be joined with data
from other time periods and other locations on the peninisitaa synthetic study of caries,
including trends through time and space. Until that pulilieg however, comparisons can be
made with the only Imperial sites from the city and outskiftRome that have been published
with both methods and results: Vallerano (Cucina et al. 62@@d Isola Sacra (Prowse, 2001;

Manzi et al., 1999.

6See also the forthcoming article by Gowland and GarnseyQqR01

"Additional, partial data have been published from the nealis of Via Basiliano. With the caveat footnoted
on page 138, 10% of all teeth have at least one carious le$&8h,0f teeth have LEH, 7.7% of all alveoli were
affected by AMTL, and 3.2% of alveoli were affected by absessall higher than the data presented in table 5.17
(Buccellato et al., 2003).
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Table 5.17 presents the comparative data. All values aeptrges, and all were calcu-

lated based on the frequency of teeth rather than indivedual

Casal Bertone Castellaccig Vallerano| Isola Sacra
Caries
Maxilla 4.5 10.9 2.6 -
Mandible 5.3 7.4 2.4 -
Males 5.1 10.5 2.3 6.0
Females 6.7 9.5 2.8 5.5
Total 4.9 8.4 2.5 54
AMTL
Total 4.6 53 3.4 6.3
Abscesses
Total 1.3 2.3 1.1 0.9
Calculus
Maxilla 27.1 447 - 66.3
Mandible 41.9 56.8 - 78.4
Total 35.3 51 - 72.9
Hypoplasia
Total 2.2 2.5 63.5 35.5

Table 5.17: Dental Pathology Frequencies (%) in Compar&amples

The overall frequency of antemortem tooth loss at Valleliar®y4%, whereas both sites in
this study are higher, with Casal Bertone at 4.6% and Cast@t Europarco at 5.3%. Isola
Sacra has the highest frequency, at 6.3% of all observecetobkving AMTL. The carious
lesion frequency at Vallerano, 2.5% of all teeth, is alsogigantly lower than the other three
sites. Casal Bertone is 4.9%, and Castellaccio is 8.4%a ISatra is close to Casal Bertone,
with 5.4% of all teeth affected. At all sites, males and fezsalre more or less equally affected,
and the differences are not statistically significant in ahyhe populations. Isola Sacra has
the lowest amount of abscesses, with less than 1% of all sbekected. Casal Bertone and
Vallerano are close in value, at 1.3% and 1.1% respecti@agtellaccio Europarco is slightly
higher at 2.3%. Although Cucina and coworkers did not recatdulus at Vallerano, Prowse
did at Isola Sacra. The frequencies of calculus at IsolasgSaere higher than at Casal Bertone

and Castellaccio Europarco, with nearly three-quartetheflsola Sacra population having

142



some amount of calculus. Prowse found that this level ofutascwas low for preindustrial
populations, and her isotope study (Prowse et al., 2004)uaned the fact that males were
consuming more marine resources, while women and childene wating more grains and
vegetables. Finally, the frequencies of enamel hypoastia/allerano and Isola Sacra are
shockingly higher than the ones from Casal Bertone and {Tst® Europarco. In spite of the
fact that the Casal Bertone population seems to have ungergore consistent physiological
stress than the one at Castellaccio Europarco, it wasatiles stressed than the populations
at suburban Vallerano or urban Portus based on this singliecnénterestingly, Cucina and
colleagues (2006) found that hypoplasias in the anteragihtpeaked twice, at 3-3.4 years old
and at 4.5-4.9 years old. Neither Casal Bertone nor Castati&uroparco seems to follow this
pattern (figure 5.11b). Itis possible that differences teiirobserver identification or recording
practices for LEH contributed to these numbers, but it is plsssible that a variety of factors,
such as nutrition, water sources, and disease ecologyiilmater] to the differential enamel
hypoplasia frequencies at these four Rome-area sites.

Whereas Casal Bertone is close in value to both Vallerandsotd Sacra in terms of fre-
guency of carious lesions, there is a higher frequency atefascio Europarco in all carious
lesion categories. This difference will be explored furtimchapter 8 AMTL and abscesses
are relatively low in all four populations, and Isola Saces la slightly higher calculus fre-
guency than Casal Bertone or Castellaccio Europarco. Hritsypeplasia, however, is found
far less frequently at Casal Bertone and Castellaccio Euoapthan at Vallerano and Isola

Sacra. Comparisons are made in chapter 6 between the dietampnation gathered in this

8An additional unexplored possibility for differences irricais lesion frequencies is the presence of fluorine
in the water sources available to different parts of sburbium An analysis of fluorine concentrations in
dental enamel of people from Herculaneum (79 AD) found mughédr than normal values (Torino et al., 1995).
Coupled with high frequencies of enamel hypoplasias andftequencies of carious lesions (3.8% of teeth
examined), the authors suspect endemic dental fluorosigolaanic activity can lead to high levels of fluorine in
the environment (D’Alessandro, 2006) and as Rome was siluzd¢tween two dormant volcanic complexes (see
chapter 8), it would not be unusual to find natural fluorinespre in the water supply. Vallerano, for example,
has a very low frequency of carious lesions but a high frequefh enamel hypoplasia, similar to Herculaneum.
A study of the fluorine available to Rome and shéurbiumthough, would need to be accomplished in order to
identify whether this element could be related to the reddyilow frequencies of carious lesions in the suburban
and periurban populations of Rome.
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study and that generated by Prowse from Isola Sacra to igagstwhether Romans on the

coast and those living inland were consuming the same foods.

5.4 Conclusions

Data were presented for the frequencies of calculus, catesions, abscesses, enamel hy-
poplasias, and antemortem tooth loss in the populatioms €asal Bertone and Castellaccio
Europarco. Dental calculus affected the majority of adintisn both sites, and there appears
to be a trend of increasing frequency with increasing ageie€affected more males than
females at Casal Bertone, but the reverse was true at Gasfell|Europarco. The frequency
of teeth with carious lesions at Casal Bertone was signifigdower than that of Castellac-
cio Europarco. A low frequency of abscesses was found at &it#h, and the frequency of
AMTL at the two sites was low as well. The age at which enamglopjasias occurred was
more or less continuous at Casal Bertone, whereas it peataddil.5-3 years at Castellaccio
Europarco. Both sites, however, have significantly loweHLfEequencies than nearby popu-
lations. Deciduous teeth were seldom affected by dentabdes, and subadults appear to have
had good dental health. A comparison with contemporanegpiglations from Rome indicates
differences in carious lesion frequency, AMTL, abscesseamel hypoplasia, and calculus.

In terms of skeletal pathology, data were collected on pohytperostosis, trauma, tumors,
osteoarthritis, disc herniation, periostitis, and ostgelitis. There was no obvious, macro-
scopic evidence of any common metabolic diseases (e.gvysou rickets) or well-known
infectious diseases (e.g., leprosy, tuberculosis, sighil either population. Porotic hyper-
ostosis affected subadults more than adults in both papoktand no females were found
to have suffered from these lesions. Osteoarthritis wasepitan a significant fraction of the
individuals studied. While the frequencies in the sexesvegual at Casal Bertone, over twice
as many males as females at Castellaccio Europarco sufferedosteoarthritis. Periosteal

reactions were found mostly on the lower leg bones. Malesfam@les were more or less
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equally affected by periostitis at each site, although tequencies in both sexes are higher
at Castellaccio Europarco. Evidence of trauma (i.e., firés) was found over twice as often
at Casal Bertone as at Castellaccio Europarco, indicatsigyhatly rougher life for individu-
als who were buried in the periurban cemetery. Both cemgtepylations studied, however,
have lower frequencies of skeletal pathology than neargryewther published Imperial Ro-
man cemetery. It is not clear, however, why individuals frGasal Bertone and Castellaccio
Europarco are, on the whole, healthier than other indivglinam the same geographical area.
In summary, the populations buried at Casal Bertone anceCastio Europarco appear to
have lived relatively healthy lives based on the pathologkamined. Granted, they likely suc-
cumbed to a disease that left no bony trace. One of the mostsuplagues of antiquity, the
Antonine Plague, lasted from about 165-180 AD and could bhaen a pandemic of smallpox
or measles. Both cemeteries were in use during the Antomned but the possible diseases
that caused the plague are highly unlikely to cause pathmgnchanges (i.e., lesions that pos-
itively identify a specific disease process) to bone. Peaplgasal Bertone and Castellaccio
Europarco did die at a much younger age than by modern sts\dard there was a high fre-
guency of infant mortality (see chapter 4). Their dentallthedowever, was about average
for agriculturally-reliant populations. Although the dngencies of carious lesions, antemortem
tooth loss, and abscesses at the two sites point to worsal dezalth than nearby Vallerano
and Isola Sacra, the frequency of linear enamel hypoplasi@asal Bertone and Castellac-
cio Europarco is extremely low. A possible explanation fuege findings is a diet that was
slightly more cariogenic but possibly healthier or moreratant, leading to a population that
was less metabolically stressed during the formative yeasnelogenesis. This explanation
will be pursued further in chapter 6 with the presentatiomietary information from Casal
Bertone and Castellaccio Europarco. Additionally, theipations from the study sites have
dramatically lower frequencies of porotic hyperostosatimost other Imperial Roman ceme-
tery populations, providing further evidence of the salosness of the people buried at Casal

Bertone and Castellaccio Europarco.

145



Scobie (1986, p. 433) concludes his assessment of Romaatgamby saying that, “High
density living in insanitary urban dwellings and surrourgsi can have only one major conse-
guence in a preindustrial society which lacks effective elnglap medical care: a short, often
violent life. That this was the common lot of the millions a&qgple in the Roman world who
lived on or below subsistence level can hardly be doubtele Falaeopathological and demo-
graphic assessment of individuals from Casal Bertone amstelaccio Europarco has shown
that some people did live short lives, some suffered sigmti@amounts of trauma, disease,
and violence, but some lived into their 60s and others hachisegy good health until their
death. It is likely that many of the people examined, paléidy from Casal Bertone, lived in
the urban area of Rome at some point in their lives. As preblyrlawer-class individuals,
their accommodations might have been in slums or other pmasihg conditions. The possi-
bility of geographical movement in Rome andstsburbium however, is extremely important
in creating the skeletal assemblages we see in the bioalciggeal record. Immigrants to
Rome might bring in new diseases to the city or might succuasilyeto endemic conditions
upon arrival. Movement around the city likely included tggio public baths and other sanitary
conveniences not enjoyed by most preindustrial socielibs.less-crowdeduburbiummight
have promised a better quality of life compared to the citytsocreation as an area of heavy
industry disallowed within the city walls could conversélgve made it a worse place to live.
Analysis of ancient skeletal material is the best way ta gtaestigating the intertwined issues
of disease, diet, and demographic change that come witmizddeon in the Imperial period.
As such, following chapter 6 on the ancient diet, the remairad this dissertation deals with
identifying and understanding types of mobility in Impéfome and the consequences of

urban living on the bodies of both immigrants and locals.
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Chapter 6

Dietary Practices in Rome

While the general diet of people in Imperial Rome is knownawéhconsisted primarily of
grain, olives, and wine, historical information indicataat dietary practices varied based on
age, sex, social class, and occupation. Recent palaeydmetek at Portus and a late Imperial
Christian necropolis in the Romauburbiumshows that different food webs were being uti-
lized in spite of the relatively short distance between Rameé the sea. A dietary analysis of
the human skeletal remains from Casal Bertone and CastiellBaroparco provides additional
data on diet in the periurban and urban contexts of the Irapeapital and further addresses
the characterization of the ancient diet in the greater Rarea.

This isotope study of skeletons of Imperial Rome, howevas, diso provided information
about the dietary practices of immigrants to Rome (see ehdgdf). Given the assumption that
individuals living in the Roman Empire exploited local resces for the majority of their diet,
those people with anomalous carbon and nitrogen isotopesrate likely to have come to
Rome from elsewhere. Further, investigating intraindrgldsotope ratios can yield additional
information about age at migration, change in diet, or evamienance of traditional food-
ways. This study is therefore the first to evaluate the dietodfonly lower-class Romans in a
periurban versus a suburban context but also immigranteneek Carbon and nitrogen isotope
analysis results for all individuals tested from Casal Begtand Castellaccio Europarco are

presented in this chapter, and interpretation of the digtemigrants is provided in chapter 11.



6.1 The Ancient Roman Diet

A complete discussion of the ancient Roman diet from pringyrces can be found in
a variety of places (Garnsey, 1999; Prowse, 2001; AlcockR62Cool, 2006), and additional
works discuss the problem of understanding the averagediatcount of authors’ biases as
well as the probability that diet varied based on factorhsagsex, age, occupation, and social
class (Garnsey, 1999; Purcell, 2003; Wilkins and Hill, 2006 light of these thorough publi-
cations, the current understanding of the ancient Romamiliebe only briefly summarized
here along with expectations with respect to the diet ofvidgials at Castellaccio Europarco
and Casal Bertone.

The extant primary source material on the ancient diet watsenrby upper-class Roman
authors: agricultural methods were detailed by Cdtore Agriculturg and Varro (le re Rus-
tica) in the Republican period and by Columelti®(re Rusticaat the beginning of the Empire.
By the fourth century AD, a cookbook of recipes had been ctadpile re Coquinariaoften
attributed to Apicius but likely a collection by a variety péople. These recipes have been
used to understand what cooking was like in this area of thidviiefore the introduction of
tomatoes and the invention of pasta, which have been heasdlgciated with Italian cooking
for centuries. The cookbook includes numerous recipesvimgmeat (from birds, mammals,
and fish), legumes, and fruit and vegetables. Many recip@sever, were quite exotic and
probably do not characterize the diet of the lower-clas#viddals investigated in this study.
Similarly, feasts and banqueting depicted in such worksea®Rius’Satyriconand visual rep-
resentations of food from mosaics and frescoes in uppestiauses at Pompeii might not be
representative of the diet of the average Roman. Therdlestiéxtual evidence of the diet of
lower-class and poor Romans, although Cato suggests thathsllders provide each of their
male slaves with certain rations: foomodii of wheat and half a liter of olive oil each month;
olives, salt, or fish pickle as a condiment; and plenty of wid@ gallons per annum (White,
1976).

In general, scholars discuss the basic Roman diet as a “dteatiean triad” composed
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of cereals, wine, and olives (ibid.). Both wheat and barleyencultivated by the Romans,
although the latter was considered substandard grain ippagson to the range of foods that
could be made with wheat (Garnsey, 1999). Millet is also kmdavhave been cultivated in
ancient Rome, but it is almost always mentioned in referédadamines and food shortages
(Evans, 1980; Spurr, 1983). Nevertheless, it would have leasy to grow, with the climate
of Italy being able to yield up to three plantings per yearui$pl1986). In spite of a lack of
archaeobotanical evidence possibly owing to the smalldfingllet grains, Spurr (1983, p. 10-
11) concludes that millet was likely utilized by the poorksses at Rome who could not afford
the more expensive wheat and barley. Nenci (1999), on thee btind, believes that our modern
perception of millet and over-reliance on the elite-biaketorical record has contributed to
the assumption that millet was not often consumed. Furthidet did have commercial value
as evidenced by the Edict of Diocletian (301 AD), which seinailar maximum price for all
three major cereals, but it might have been used for anintalen to leaven bread, and as
birdseed for hens and pigeons rather than directly constopédmans (Spurr, 1983).

A wide variety of vegetables, fruits, and nuts were eatenrmiemt Romans. The afore-
mentioned Edict of Diocletian, which set the maximum prifiscomestibles in the early 4th
century AD, lists 96 fruits and vegetables, and Plinyistoria Naturalisnotes 70 garden plants
that can be cultivated for cooking (Prowse, 2001). Legume®\wlso important to the Roman
diet in the form of lentils, chickpeas, broad beans, and ¢yangeas (Faas, 1994; Garnsey,
1999). Particularly popular in rural areas according tadnisal sources like Pliny, legumes
could be eaten on their own or in a mixture with millet and otbeans (Evans, 1980; Spurr,
1983). The relative contribution of legumes to the Roman tiewvever, is still being debated.
Garnsey (1991, 1999) in particular argues that legumesldib@uadded to the Mediterranean
triad, most notably for the lower-class and rural populadias a significant contribution to the
protein portion of the diet in the absence of affordable meat

Grain is thought to have composed roughly three-quartetiseoverage Roman’s caloric

intake (Rickman, 1980; Garnsey, 1983; White, 1988). Howevad the Romans subsisted

149



primarily on cereals and carbohydrates, they would have béecreased risk for nutritional
problems such as protein-calorie malnutrition (known inderm times akwashiorkor the
acute childhood form of the deficiency) (White, 1976; Prowsal., 2004, 2005). Our knowl-
edge of the kind and amount of meat consumed by the averagarminsparse, in spite of
the fact that pigs, cows, goats, and sheep were quite impddéhe Roman economy. By the
3rd century AD, the grain dole, which allotted free grain doikh men, began to include rations
of pork as well (White, 1976; Brothwell, 1988). Other sowad meat included goat/sheep,
poultry, and fish, but probably little beef. Some archaeicligevidence seems to indicate that,
although goats and sheep were primarily raised for milk aadlytheir flesh and cheese from
their milk were often eaten and could make up about one-tifittie meat component of the
Roman diet (Brothwell, 1988; Garnsey, 1999). Chickens ddnd found on most farms but
were primarily used as egg producers, as the Romans werefaading eggs (Brothwell and
Brothwell, 1998). Small birds such as hens and pigeons vikeely leaten by even the lower
classes, whereas pheasant and geese, among other exdsjodgre more likely consumed by
the elite (Frayn, 1993). Finally, the patterns of fish congtiom by the ancient Romans are
quite unclear, as this category of animal was alternatedy s& a threat (to seafaring) and as a
common food, sometimes expensive and sometimes easy tarpr@duxury item in the form
of garum(fish sauce) and a food of the common fisherman, all dependirigeotime period
in history, social status, occupation, and a variety of ottatextual factors (Purcell, 1995).
Analysis of bioarchaeological remains at Portus providermation on the Romans’ complex
relationship with fish (Prowse, 2001; Prowse et al., 200852(ut it is unclear to what extent
people living inland at Rome relied on fish in their diets.

It is therefore expected that the lower-class individuadetCasal Bertone and Castellaccio
Europarco consumed a diet that consisted primarily of ¢gredive oil, wine, and legumes.
Depending on their levels of wealth, social class, and actesesources, they might have
consumed wheat, barley, and/or millet as the primary gratheir diets. As these sites were

located inland, people likely had less access to seafoadpeaple from, for example, nearby
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Portus. However, the Tiber River had some freshwater fisl,itais possible that the Ro-
mans exploited that resource. Faunal remains recovered bagh sites (chapter 4) indicate
the presence of cows, sheep/goats, pigs, and chickens.efes #ine cemetery sites rather than
households, it is unclear if these animals are represeetaitthose that were eaten by the occu-
pants of the tombs. Roman burial rituals are known to inchlbieur of these species, so direct
correlations between faunal remains at the site and cobhesttannot be definitively drawn.
Nevertheless, based on the available historical, archgmall, and zoological evidence, the in-
dividuals from Casal Bertone and Castellaccio Europaredgpothesized to have consumed
a diet composed of cereals, carbohydrates from fruits agetables, fats from olives and olive

oil, and protein from meat and legumes.

6.2 Methods

6.2.1 Isotopic Analysis of Diet

The human diet comes from a variety of sources, mainly fadfistontaining protein and
carbohydrates. Stable isotope analysis of carbon andgeitrtnas been used for decades to
characterize human diets in the past because it providesydomgeneralize the types and
amounts of proteins and plant matter in an individual's k&tzenberg, 2008). Carbon and
nitrogen isotope measurements of several individualstwas provide general information on
subsistence practices within a population, which migHedibased on sex, age, or status.

Carbon exists in three naturally occurring isotop&€; (about 99% of the world’s C)
(Katzenberg, 2008)!3C, and!*C. The latter of these is radioactive and decays over time
into *N, but the relative amounts of the other two isotopes in dgematter stay the same
through time. Carbon enters the food chain during photd®gis, and the amounts of the two
naturally-occurring stable isotopes of this element vatgtive to carbon dioxide in the atmo-
sphere. Stable isotope analysis thus measures the redtivelance of these two isotopes of

carbon {2C/*2C) and compares them to a known standard, Vienna Pee Dee iEt€WPDB).
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Results are presented in delta notation:

130/1QCsample —13 C'/1QC'VPDB
13C/12CVPDB

§BC(%o) = ( ) x 1000

There are two major photosynthetic pathways,a8d C. In the G pathway, atoms of
13C are discriminated against in favor 8C, and vice versa for Cin a process that is known
as fractionation. This means that plants that use @&hway for photosynthesis will have
more negativé>C values than €plants. G plants include temperate grasses such as wheat
and barley, which range from about -35 to %Qwhereas ¢ plants include corn, millet, and
sorghum and range from about -14 tdw9Katzenberg, 2008). The non-overlappidigC
ranges of the photosynthetic pathways are important inngcacting the carbohydrate and
protein portions of past diet. Bone collagen is aboit Bnriched relative to the diet, and
there is an additional%, fractionation factor between herbivores and carnivorésted to
trophic position (see below) (Ambrose and Norr, 1993). €fme, an individual who ate a
diet composed only of foods with a;@ontribution would have a'3C value around -2%o,
whereas an individual who consumed mainlyf@ods would have a'3C value around -1%c.

Analysis of carbon isotope ratios derived from bone colta@@*C) mainly indicates the
protein component of the diet (Krueger and Sullivan, 19843t is, whether an individual
ate more terrestrial or more marine foods. The measurenfezdgrbon isotopes in bone or
enamel apatite’(3C,,,) provides a better picture of the whole diet, including botbteins and
carbohydrates (Katzenberg, 2008). Apatite, however, isenpoone to issues of diagenesis
than collagen, and the fractionation factor between it @aeciuman diet is currently unknown,
although it has been approximated at%12Prowse et al., 2004). This means that a lB%C,,,
value of -12 is approximately equal to what would be expected fromyglant based diet
of -25%0. A comparatively heavy'3C,, value of -T would thus equate to a diet composed
mostly of C, plants. Therefore, a midrangé&’C,,, value of -84 would similarly be expected

from a diet composed of contributions from both &d C plants.
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A comparison of the apatite and collagen carbon ratt®o$C,, ..) by Krueger and Sulli-
van (1984) was found to be smaller in carnivores than in kierbs, likely indicative of the con-
tribution of meat to the diet. The calculation&f3C,, ., thus provides information about the
relationship between dietary proteins and other comparn(ért, carbohydrates). A*C,, .,
range of 0-Z. indicates a diet of marine protein and €arbohydrates; a range of S«is
representative of an omnivorous (monoisotopic) diet; amdrme of 10-1%. shows a diet
composed of terrestrial protein and glants.

Individuals who ate terrestrial protein have lowiétC,, values than those who ate marine
protein, and individuals who consumed @lants have lowet'*C,, values than those who
consumed ¢plants. In environments where a population is utilizinghbotarine resources
and G plants, however, it can be difficult to understand the distlaon carbon isotopes alone
(Larsen et al., 1992). Stable isotopes of nitrogéN/('*N) better discriminate between marine
and terrestrial protein, and the combination of carbon atrdgen isotopes is therefore the
best way to characterize the ancient diet (Schoeninger, ét%83; Katzenberg, 2008).

Almost all of the nitrogen on Earth exists as M the atmosphere and dissolved in the
oceans. Nitrogen in the human diet is therefore obtainemlitiir consumption of other organ-
isms, mainly plants and animals. There are only two natx@tcurring isotopes of nitrogen,
N and!'®N, both of which are stable. Nitrogen isotope analysis theasuares the relative
abundance of these two isotopes and compares them to arstaaiaospheric N(AIR). The

result ¢'°N) is presented in delta notation similar to carbon:

15N/14Nsample 15 N/14NAIR
15N/14NAIR

5N (%o) = ( ) x 1000

Understanding nitrogen isotopes involves knowledge ofrgardsm’s trophic position in
the food chain - that is, what it eats and what eats it. Pldrasdirectly fix atmospheric N
such as legumes, occupy the lowest trophic position anefiver have &'°N value close to

zero (Katzenberg, 2008). Nonleguminous terrestrial glan¢ slightly enriched with respect
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to 5N and thus have slightly higher values, around%-5 At the next trophic level are
herbivores that consume plants, followed by carnivores ¢basume herbivore meat. The
nitrogen isotopes in body tissues of herbivores have beknlated to be about% more
enriched than the plants they consume; similarly, the baué of carnivores is% more
enriched than the flesh of consumed herbivores (SchoenamgeDeNiro, 1984). An increase
in trophic level thus correlates with an increas& it value because of the amplification of
nitrogen isotopes as they are passed up the food chain.

Values of5*°N in the range of 5-1%, can therefore indicate that a human consumed a ter-
restrial diet of plants and the flesh of herbivores. The neagicosystem is a bit more compli-
cated than the terrestrial one, as its longer food chairntesesdditional trophic levels, mean-
ing that theé'?N of marine organisms can become more enriched than tealestganisms
(Katzenberg, 2008). Individuals enriched with respectitmgen are assumed to have con-
sumed marine foods. A human diet composed mostly of marimess would be much higher
than a terrestrial diet, with'>N values in the range of 12-22.

Measurement of'°N values has also been used to understand breastfeedingeamihgy
in past populations (Katzenberg et al., 1996; Katzenbed§82 Breastfeeding infants con-
sume the product of their mothers’ body tissues and thexedocupy a higher trophic level
than adults and weaned children. T#HeéN values of nursing infants are thus expected to be
enriched relative to those of adult females in the popuatiy about 2.%, (Fogel et al., 1989).
Thed'N enrichment decreases as an infant ages because of thepodeeeaning and the in-
troduction of supplementary foods. An infant’s measuf€d value will eventually decrease
to that of the adult population after complete cessationreastfeeding. Bone deposition and
turnover rates in subadults, however, are not systemtigatlerstood, so it is not possible to

isolate the exact time at which breastfeeding stopped aadiweg began (Herring et al., 1998).
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6.2.2 Roman Diet and Stable Isotope Expectations

As noted, | would expect the individuals at Casal Bertone @asitellaccio Europarco to
have eaten a diet composed of cereals, fruit and vegetainlé$egumes, with a variable contri-
bution from meat (primarily pork and mutton) and fish. It iggassible to rule out the presence
of C, foods in the Roman diet because thedgtain millet was known to be directly consumed
and to be used for the foddering of meat and milk animals. @asethe location of these two
sites, it is also impossible to rule out the presence of sehémd freshwater fish in the diet,
thus necessitating investigation of batiC ands'°N values.

If the protein component of the diet of individuals at Cdsistio Europarco and Casal
Bertone was drawn primarily from the flesh and milk of herlbb@so(i.e., cows, sheep/goats,
and pigs), | would expect th&'3C values of humans to be enriched abofit tompared to
the averagé!®C of herbivores from the area and&N value about %o higher owing to the
trophic level effect (Prowse et al., 2004). Significant elment above these general values
would thus indicate the inclusion of additional foods in thiet: some ¢ plants and some
marine resources. Depletion @C anddé'®N, in comparison, could indicate the consumption
of mostly G plants and foods at low trophic levels, like legumes, witkibally no marine or
C, contribution.

As the individuals at the two study sites are thought to be rayrthe lower classes of
Rome, | would expect them to have inconsistent access tedughty and high-status food.
Individuals with more wealth could have eaten a more coasistiet composed of higher-
status foods, which would mean less variation in their |terga diet. A population of poor
Romans would likely have eaten whatever they were able todmlafford, though, which
would lead to significant variation in the diet. The fact twédtl game could be caught and eaten
in the suburbiunraises the additional possibility that the protein portidrihe diet was quite
variable. The populations at Casal Bertone and Casteti&eioparco were thus subjected to
stable isotope analysis of carbon and nitrogen in ordenesitigate the general parameters of

the lower-class diet, to look for sex-, age-, and statusteel differences in overall diet, and to
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understand the variation in diet at periurban and suburbategts. The dietary evidence will

further be used in chapter 11 to characterize the lives ofigrants to Rome.

6.2.3 Sample Selection and Demographics

As the goal of this dietary study was to characterize botlathdt and subadult diet of Ro-
mans at Casal Bertone and Castellaccio Europarco, bondesaywgre chosen over enamel for
analysis because this tissue yields information aboutathg-term, cumulative diet of an indi-
vidual over a period of years before death. During data ctitia, femoral mid-shaft sections
were taken from adult and teenage individuals from whom & rislar was also taken, and
rib samples were taken from subadults under 10 years of agepadsessed at least one rib.
Not every individual could be subjected to dietary analysisa stratified sample of individuals
from the populations at Casal Bertone and Castellacciofauom was taken for carbon and
nitrogen isotope analysis. Bones from a total of 48 indigiddrom the Imperial period (1st-
3rd centuries AD) were testédl2 from Castellaccio Europarco and 36 from Casal Bertone,
the latter of which included 12 individuals from the mauswmheand 24 from the necropolis
context. All individuals in this stratified sample were aldbjected to strontium (chapter 8)
and oxygen (chapter 9) isotope analyses with the goal ofrgtet@ling as much as possible
about this presumably representative subsample of thedhiaaological populatiorss.

Not every sample produced reliable isotope results. FrenCtsal Bertone sample (n=36),
information ondé*°N, ¢*3C,,, and¢'*C,, was obtained from 26 individuals; on#}*C,., and
4'>N were obtained from 6 individuals; 3 individuals yielded #éC.,, 4'°N, or §'3C,, data;
and 1 individual produced onl§**C,, data. From the Castellaccio Europarco sample (n=12),
information about'°N, ¢'3C,,, and¢'3C,, was gathered from 7 individuals; no isotope data
could be measured from 3 individuals; and ofi§yC,, data could be gotten from 2 individuals.

In total, of the 48 samples sent from the two populations,@8dbe assessed f6°N, §*3C,,,

1See appendix B for the results of the four individuals fromarlier periods who were tested.

2See appendix A for a full list of individuals with demograpiiformation and all isotope measurements.
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Figure 6.1: Demographics of Population That YieldétC,,, 5'°N, and§'*C,, Data

andé'3C,,, which included 28 femur and 5 rib sampfe$he demographics of the individuals
for the 33 individuals from whom complete dietary inforneetticould be extracted are provided
in figure 6.1. Only one subadult from Castellaccio Europguesented usable carbon and
nitrogen isotope information. Although the skeletal p@pin at this site suffers from an
underrepresentation of females (chapter 4), three fenzaldsfive males were assessed for
palaeodietary information. Casal Bertone subadult ske&eproduced more reliable results
than those of Castellaccio Europarco, likely because ob#teer preservation in the former
site. In all, eight subadults could be examined: two undee&y of age, three between 6-10
years old, and three between 11-15 years old. Of the adultidhchls whose bones yielded
reliable carbon and nitrogen isotope results at Casal BeytbO were females and eight were

males. The total Imperial sample that produced reliabléos® results thus includes three

SRibs were tested from: ET31 and ET67 from Castellaccio Eamop as well as T29, T71, T20, and T70
from Casal Bertone. No collagen could be obtained from ET6Wever.
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individuals in each of the subadult age categories, and ¢& ebmale and female adults of

various ages.

6.2.4 Laboratory Analysis

Owing to the absence of equipment on campus dedicated t@gsing ancient skeletal
remains for carbon and nitrogen isotopes, samples wergzathbn my behalf by Dr. Robert
Tykot in the anthropology department of the University ofuBoFlorida. The procedures
followed in his lab for extracting collagen from bone aredzhsn those of Ambrose (1990)
and can be summarized as follows (see also Tykot, 2004 arithginBone is first placed in
2% HCI to demineralize, after which contaminants are rerdduem the mixture with 0.1 M
NaOH and with a 2:1:0.8 mixture of GI@H, CHCE, and water. The freeze-dried samples are
then analyzed with a Finnigan MAT stable isotope mass spegter ford'*C anddé'°N. The
reliability of the samples is confirmed through measurerénbllagen yields and C:N ratios.

The methods used for extracting carbon information fromebapatite are modified from
Koch and colleagues (1997). Bones are first cleaned, and 4Boong of powder is drilled
from each sample. The bone sample is dissolved in 2% NaOG@Inan-biogenic carbonates
are removed from the sample with 1.0 M buffered acetic acidn@es are processed by a
Finnigan MAT mass spectrometer with a Kiel 11l individualiddath carbonate system. The
reliability of samples is confirmed through assessment afitgyields during the pretreatment
process. Analytical precision of thé3C values ist 0.1%., and all values are reported with
respect to the VPDB standard. F&PN, the precision ist 0.2%, reported with respect to
AlIR.

Additional §'*C,,, data were supplied by Dr. Janet Montgomery at the Unived§irad-
ford, who processed 60 teeth for oxygen isotope analysaptehn 9), all of which were from
individuals subjected to strontium, carbon, and nitrogetdpe analysis. Itis standard practice
when measuring'®0 values to measure carbon isotopes as well, and the methpdscess-

ing the enamel for analysis can be found in chapter 9. Arayfprecision of thej'*C,,
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measurements from dental enametif.06%.. The 37 individuals for whom there is available
dietary information from bone apatite thus also providedneel apatite{**C,,,) information
from their first molars. Measurement of one individual'st@ietwo different times - from birth
to about 3 years old and during the last several years or deazdife - can provide a signif-
icant amount of information about intraindividual dietatyanges through time in the Roman
population. The enamel data are presented below in conopasigh thed'3C,, measurements

from bone.

6.3 Results

Tables 6.1, 6.2, and 6.3 present the results of the analiybmlo bone and enamel for car-
bon and nitrogen isotopes. The C:N ratio and percent collgged are listed as an indication
of the reliability of the sample measurements. The valueA6tC,, ., (bone) andA'*C,,
(bone-enamel) were calculated for all possible bone sagrld are presented in the tables, as
are the measured values ®fC,, from enamel. Calculated mean values and standard devia-
tions of all measurements are listed in the last rows of ealglet Much of this information is
also listed in appendix A.

Isotope values of individuals from both sites are plottefigare 6.2. In order to provide
a picture of thed'*C andJ§**N values of domestic and wild animals in the area with which
to assess trophic effects, it is customary to plot analyaehdl remains. Unfortunately, in
spite of the presence of animal bone at both cemeteries, wasgrovided for my analysis
(see chapter 8, however, for strontium isotope informatiorpig teeth collected). A variety
of faunal remains found in the context of the Isola Sacra ¢temet Portus were tested by
Tracy Prowse (2001), who assumed they were representdtixe ¢tocal domesticates. This
Imperial site was only about 25 km from Rome; however, it iskmown whether geographical
or ecological differences between Portus and Rome influbtioes*C and§'°N values of

herbivorous animals. Prowse’s data are plotted in figureaé.the best approximation of the
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Skeleton Sex Age &3C 46N CIN %Yield 4'3C,, ABC,p_co 63Cy AB3C,,

(%o VPDB) (%0 AIR) (bone) (bone) (enamel) (bone-enamel)
ET69 M 21-30 -195 7.8 3.2 2.2 -10.7 8.8 -13.11 24
ET44 M 16-20 -19.1 8.5 3.3 2.3 -9.3 9.8 -13.52 4.2
ET18 F 21-30 -18.8 11.0 33 2.6 -10.4 8.4 -12.52 2.1
ET38 M 41-50 -184 8.8 3.2 1.3 -9.8 8.6 -7.64 -2.2
ET31 I 0-5 -18.3 11.8 3.2 1.0 -10.9 7.4 -12.35 15
ET58 F 41-50 -17.9 9.5 3.3 2.2 -10.8 7.1 -11.74 0.9
ET72 M  31-40 -17.8 9.1 3.3 5.7 -10.9 6.9 -12.12 1.2
ET20 M 3140 -12.5 8.3 3.2 2.0 — — -4.00 —
ET68 F 4150 -18.1 115 33 0.4 — — -12.45 —
ET67 I 11-15 — — — 0 -12.2 — -12.45 0.3
ET27 PM  16-20 — — — 0 -10.2 — -12.09 1.9
ET36 I 6-10 — — — 0 — — -12.78 —
ET4% M 16-20 — — — — — — -12.63 —
ET42 PM  Adult — — — — — — -13.80 —
Mean -18.5 9.8 -10.6 8.1 -12.2 1.4
StDev 0.6 1.5 0.8 1.0 1.5 1.7

I = No collagen yield2? = Only enamel tested. All delta values are reported in permil

Table 6.1: Castellaccio EuroparétC ands*°N Results

domesticated animals available to the people at Casal Bzend Castellaccio Europarco.

As noted above, if the individuals from the two Roman sitesenensuming a diet com-
posed primarily of wheat/barley (Qolants) and herbivorous animals and their milk (cow,
sheep/goat, pig), we would expect thél?C values to be %, enriched above the animals’
and theird'>N values to be 3. enriched. The averag€?C anddé'*N of the humans tested is
-18.%0 and 10, respectively, whereas the values for the herbivores d@&&%2 and 5.3,
respectively. It would appear that the ancient Romans hadage enrichments of 2 in
513C and 4.7 in 6'°N over the animals. Both human populations thus ate a di¢tvtha
largely based on £plants and herbivores, with some contribution from marireggin and G
plants.

Based on the data plot in figure 6.2, there are two obviouseositin the data set. One
individual from the Casal Bertone necropolis has a higiN value; as this was a subadult, it
is likely this individual was not fully weaned. See sectiad.8 for further discussion. One
individual from Castellaccio Europarco (ET20, a male in lai® 30s) has &'*C value sig-

nificantly more enriched than any other individual's coujpléth a relatively low§!'°N value,

160



Skeleton Sex Age &3C 46N CIN %Yield 4'3C,, ABC,p_co 63Cy AB3C,,

(%o VPDB) (%0 AIR) (bone) (bone) (enamel) (bone-enamel)
F4B F 51-60 -19.4 7.1 31 6.2 -13.3 6.1 -13.24 -0.1
F11A F 31-40 -18.7 7.0 3.3 4.0 — — -12.95 —
F9B I 0-5 -18.6 11.0 3.2 10.8 — — — —
F3C M  41-50 -18.6 10.1 3.2 6.2 -12.9 5.7 -12.47 -0.4
F12A M 31-40 -18.1 11.2 3.2 1.0 -12.8 5.3 -14.22 1.4
F10D I 11-15 -18.1 10.7 3.2 8.8 -12.7 54 -12.05 -0.6
F10C I 6-10 -18.1 8.6 3.2 11.2 -12.3 5.8 -10.42 -1.9
F6E F 5160 -18.1 10.3 3.2 6.8 -13.2 4.9 -12.37 -0.8
F1A F 16-20 -18.1 11.3 31 9.3 -12.9 5.2 -11.96 -0.9
F13C F 41-50 -17.7 11.0 3.2 3.6 -12.8 4.9 -12.49 -0.3
F7B M 16-20 -17.7 108 3.1 5.0 -12.6 51 -12.32 -0.3
F5A M 21-30 -175 9.3 3.3 29 — — -11.72 —
Mean -18.2 9.9 -12.8 54 -124 -04
StDev 0.5 1.5 0.3 0.4 1.0 0.9

All delta values are reported in permil.

Table 6.2: Casal Bertone MausoledfiC ands'°N Results

indicating a much greater than average contribution gpl@nts. Unfortunately, né'3C,, in-
formation from his bone was obtained; however, his enanuelyeed &'°C,, value of -4.0k,
the most enriched of all enamel measurements. As noted abolet was likely consumed
either directly or indirectly at Rome, but not to such an akis seen in ET20'§'3C,, and
§13C,, isotope ratios. Individual ET20 therefore consumed a veeri@nt diet compared to
the typical Roman diet, perhaps one composed of large diggntif millet and beans. Pliny
notes that these two foods were eaten together by peopleahltaly (Evans, 1980; Spurr,
1983)# Further discussion of this individual can be found in chaffe

The §'3C values presented alone, however, provide an indicatitheofarbon isotopes in
only the collagen component of bone. By comparing the measent of carbon in collagen
and apatite, it is possible to get a better picture of the witkt. Figure 6.3 is a scatterplot

of A¥C,, ., versuss’>N. An omnivorous diet is represented by\a*C,, ., range of about

4t does not seem, however, that millet was consumed in greatgh quantities to affect thé3C value this
dramatically anywhere else in the Roman Empire. Fewer tlttnzan isotopic dietary studies have been published
from Imperial populations, but none have aityC values this high. As noted in section 6.4.6 on page 174 helow
the highest'2C values around Rome do not even reacHi1@rowse, 2001). The highest>C value I could
find from an Imperial Mediterranean context is about -%6.8t Leptiminus in Tunisia (Keenleyside et al., 2009).
Although ad*3C value of -1 is not unusual in the maize-consuming peoples of the Amegritas value is
astoundingly high for the Old World and reflects abnormalstomption of G plants.
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Skeleton Sex Age §3C 6N CIN %Yield 4'3C,, ABCup_co 63Cy ABC,,
(%o VPDB) (%0 AIR) (bone) (bone) (enamel) (bone-enamel)
T20 I 6-10 -19.6 7.2 3.2 6.5 -12.9 6.7 -13.45 0.5
T83B M 16-20 -195 8.4 3.1 7.8 -12.6 6.9 -13.43 0.8
T82A F 4150 -19.1 7.6 3.2 7.4 -12.9 6.2 -12.82 -0.1
T80 I 11-15 -19.0 9.5 3.2 10.2 -13.1 5.9 -14.78 1.7
T21 M 16-20 -19.0 8.0 3.2 3.4 -11.3 7.7 -13.45 2.2
T28 F 51-60 -18.6 11.3 3.2 2.7 -11.7 6.9 -11.78 0.1
T70 I 6-10 -18.5 10.2 3.2 2.2 -12.2 6.3 -12.62 0.4
T7 M 41-50 -18.2 11.0 33 2.6 — — -12.48 —
T39 PF 16-20 -18.2 118 31 8.7 -11.7 6.5 -10.90 -0.8
T13 M 61-70 -18.2 111 3.2 4.2 -12.7 55 -12.04 -0.7
T34 M 31-40 -18.1 116 3.2 4.7 -11.7 6.4 -12.16 0.5
T42 F 31-40 -18.1 9.8 3.2 2.0 -12.5 5.6 -12.61 0.1
T36 I 11-15 -18.1 108 3.2 3.8 -10.4 7.7 -6.76 -3.6
T24 M 51-60 -18.1 9.6 3.2 5.8 — — -10.87 —
T23 M 21-30 -18.1 116 3.2 3.5 -11.4 6.7 -11.25 -0.2
T50 PF 21-30 -18.0 10.8 3.2 2.6 -12.2 5.8 -12.93 0.7
T30 PF 41-50 -17.8 11.0 3.2 4.8 -12.1 5.7 -12.29 0.2
T29 I 0-5 -17.5 13.2 3.2 5.2 -12.2 5.3 -12.35 0.2
T71 I 0-5 -17.4 10.2 3.2 3.6 -12.8 4.6 -13.05 0.3
T33 M  41-50 -17.2 9.7 3.2 7.6 — — -12.74 —
T1is! PM  31-40 — — — 0 -13.7 — -12.75 -0.9
T14? M 21-30 — — — — — — -13.15 —
T81! M 21-30 — — — 0 — — -12.86 —
T76! PM  31-40 — — — 0 — — -12.44 —
T32? I 11-15 — — — — — — -12.37 —
T15? PM  31-40 — — — — — — -12.32 —
T10 M 31-40 — — — 0 — — -12.12 —
T722 I 11-15 — — — — — — -11.91 —
T82 I 6-10 — — — — — — -10.91 —
T19 M 41-50 — — — — — — -10.91 —
Mean -18.4 10.1 -12.2 6.3 -12.2 0.1
StDev 0.6 14 0.9 0.8 1.4 1.2

! = No collagen yield2? = Only enamel tested. All delta values are reported in permil

Table 6.3: Casal Bertone Necropafi$C andj'°N Results
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5"°N (%0 AIR)

5-7%0. The majority of the individuals studied fall within thismge, but over half of the
individuals sampled from Castellaccio Europarco are mughdr than this, in the range of

8-10%o. The higherA'*C,, ., value and lows'°N for these individuals suggests they were
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Figure 6.2:0'3C andd'°N with Fauna from Portus
Faunal data are from Prowse 2001.

-12.0

consuming more terrestrial protein angfGods than the individuals from Casal Bertone.

By graphing the**C,, values versus'®*C,,, itis further possible to investigate the general
composition of the diet. Figure 6.4 presents theoretiaagjea for eight different human diets
based on the carbon isotopes in apatite and collagen (KraegkeSullivan, 1984). Most of
the individuals fall within the range of a diet composed gffllants and marine protein, which
would not be unusual for people living a few kilometers frdme iber River and only about
half a day’s walk to the Tyrrhenian Sea. There are, howeegersl people who seem to have
had a diet dominated bys(lants and meat, with basically no marine component. Istergly,

figure 6.4 provides further evidence that the people of Uastgo Europarco were eating a diet
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Figure 6.3:A'*C,,_., versuss**N

composed of foodstuffs more enrichedidC than the diet of the people of Casal Bertone. As
the 6'°N values in figure 6.2 are within the same range for all pedple differences seen at
Castellaccio Europarco, particularly in the€C,, values, are likely related to consumption of
C, foods, either directly or indirectly.

Although the general diet of the people from Casal Bertore @astellaccio Europarco
can be reconstructed as one composed of cereals and fistesfigLd and 6.4 clearly show
that the average diet at the suburban and periurban sitiessdiparticularly in they'*C,,
measurements. The differences between the two sites dheifunvestigated below, as are
intracemetery variations in age and sex, and interregieer@tion in diet at other published

Imperial-era sites.
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Figure 6.4:6'3C,, versusi'3C,,
Approximate human dietary ranges are from Krueger andvanll{1984, Fig. 5).

6.4 Discussion

Although palaeodietary isotope analysis is still a new méthogy in the Roman world,
the few studies that have been done illustrate a generalt®temiiean diet composed of cereals
and marine resources with regional variation. This studywaf cemetery populations from
the city of Rome itself represents only the second dietanglysbf individuals who lived in
the Imperial capital. By analyzing people from two differeontexts - urban and suburban -
this project is the first to investigate variation in the Ronaléet at a small geographical scale.
Additionally, this dietary analysis is the first in the Romaorld to be linked with a study
of immigration and yields information on the dietary adaipta of foreigners at Rome (chap-
ter 11). This discussion centers on differences in diet betwCasal Bertone and Castellaccio
Europarco, along with information on intracemetery vamiain age and sex. Both populations

are compared with published dietary analyses from sitagyaioe Italian peninsula.
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6.4.1 Periurban versus Rural Diet

Casal Bertone and Castellaccio Europarco were both logatdee suburbiumof Rome,
about 12 km apart. Whereas the former cemetery was likebcaed with a periurban site just
outside the city walls, the latter cemetery was found in whed probably a largely agricultural
area. These facts combined with known topographical anlbgical variations in the Alban
Hills area of Italy mean that differences in food resouramssamed by individuals buried at
these two sites would not be unusual.

Figures 6.3 and 6.4 show that there are clear clusters ofithdils from the necropolis
and mausoleum at Casal Bertone and from Castellaccio Etwwmpparticularly in terms of
§13C,, measurements. Table 6.4 presents the means and standetibdevfor all measured
and calculated isotope values at Casal Bertone and CasiellBuroparco. Note that these
values were calculated after removal of both ET20, whid$€,, was significantly different
from the remainder of the population (see section 6.4.4), 789, whose'°N value indicates
this subadult was not yet fully weaned (see section 6.4.3).

The average'*C,, values from each site are statistically very similar (haded t test:

t = 0.81;p = 0.44): within the range of -18.5 to -18%2 with a low standard deviation. In
terms of5'°N, Castellaccio Europarco has the lowest average values. nTdausoleum and
necropolis samples from Casal Bertone are not statisticiflerent from one anothert (=
0.40; p = 0.70). However, a two-tailed t test comparison between the metthe pooled Casal
Bertone sample and Castellaccio Europarco is statistisgdhificant ( = 2.41;p = 0.04).

The comparatively lower averagé&’N value at Castellaccio Europarco suggests consumption

513(: 515N 513Cap Aliﬁ‘capﬂj0 513Cap A13Cap

(bone) (bone) (bone) (bone) (enamel) (bone-enamel)
Casal Bertone Maus -18205 99+15 -128+03 54+04 -124+1.0 -0.4+0.9
Casal Bertone Nec -1840.6 10.1+14 -122+08 6.3:-0.8 -122+14 0.3+0.8

Castellaccio Europarco -1850.6 9.8+15 -106+0.8 8.1+1.0 -122+15 1.8+1.2
All delta values are reported in permil.

Table 6.4: Meard'>C andd'°N Results - Imperial Cemeteries
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of more terrestrial protein such as herbivores or legumbsy@as the slightly higher values at
Casal Bertone could be interpreted as consumption of mor@enarotein. The'°N averages
at the two sites, while statistically different, are stilitin range of other Imperial Roman
populations (see section 6.4.6) and indicate a typical Medinean diet composed of both
terrestrial and marine protein. The statistically sigmificvariation ind*>N, however, shows
that there were slight intraregional differences in diet.

Theé'*C,, measurements from bone, on the other hand, are strikinfigyelnt between the
periurban and suburban sites. A two-tailed t test oftA€,, means from the two sites is statis-
tically significant ¢ = 5.57; p = 0.0005). Averages'3C,, measurements o6f12.5%, at Casal
Bertone and -10%o at Castellaccio Europarco put both populations within trege of con-
sumers of G plants and marine resources. It is likely, however, thapéaple of Castellaccio
Europarco were obtaining a diet that produced a higher ge@faC,, value from consuming,
either directly or indirectly, more Cfoods than the people at Casal Bertone. The cemetery
at Castellaccio Europarco was associated with a villa ahdrahdications of an agricultural
lifestyle, so it is likely that these individuals were consng either millet or domesticated an-
imals that were fed millet to a much greater extent than ttogleeburied at periurban Casal
Bertone. Both thé'*C,, measurements and the frequencies of carious lesions atthstes
(8.3% at Castellaccio Europarco and 4.9% at Casal Bertod&ate a strikingly different diet
consumed by the respective populations.

Further evidence of a different diet at Castellaccio Europas provided by the change in
the measurements 63C,,, from first molar enamel and bone that can be seen in table 6.4 an
figure 6.6. With only one exception (individual ET38), th'éC,, values of individuals at this
site increase after infancy an average of almdst 2This increase is in stark contrast to the
average difference at the Casal Bertone mausoleum (a decoé®.440) and necropolis (an
increase of 0.3¢). The average diet of infants from both sites was not siganifiiy different
(t = 1.24;p = 0.24) and likely included mostly terrestrial and; @ods. The diet of older

subadults and adults from Castellaccio Europarco, on ther dtand, is significantly enriched
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with respect ta9'3C,,. Because thé'°N values at Castellaccio Europarco are actually lower
than those at Casal Bertone, the increasé'ic,, values more than likely relates to an in-
creased consumption of,®lants or animal tissue after infancy. The8éC,, values are the
highest of any comparative site (see section 6.4.6); howalleother published isotope anal-
yses of diet in ancient Italy are of coastal or periurban paans. The study of Castellaccio
Europarco lends credence to the historical assessmenththakiet of many rural people in

Roman Italy included millet and beans.

6.4.2 Age and Sex Differences in Adult Diet

Although some researchers have found differences in digteeto age and sex among
ancient Roman populations (Prowse et al., 2004, 2005; Bugiral., 2001), others have found
no differences (Craig et al., 2009; Keenleyside et al., 2@069). The number of individuals
in this study is comparatively small, so an analysis of agesax differences must be viewed
with caution. Figure 6.5 presents th&C and§'°N data with males, females, and subadults
from each site indicated by different symbols.

An investigation of comparisons and differences with respeage in these populations is
not possible because of the small number of individualsy twd subadults from Castellaccio
Europarco yielded both'*C andd*°N information. Eight subadults from Casal Bertone were
tested and all of them except T29, an unweaned infant, ateesad within the adult range of
both§'3C ands'®N.

Whereas both sex categories and both age groups from CasahB8eare equally widely
dispersed on both axes, the female and male groups froml@asie Europarco form distinct
clusters on the/'?N axis that do not overlap. Nevertheless, a two-tailed t tdshe sex-
segregated means 8PN is not statistically significantt(= 3.45; p = 0.08). Perhaps females
at Castellaccio Europarco were consuming a bit more marioiip than males; or perhaps
males and females were consuming different kinds of mamseurces. For instance, the

popular fish saucgarumwas made of small fish such as anchovies and as such was found to
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Figure 6.5:6'3C andd*®N by Sex and Age

have a lower (depleted)°N value compared with fish from the Mediterranean (Prows@120
Prowse et al., 2004, 2005). Further analysis of individaald faunal material from this site

might be able to provide a reason for this perceived diffeeen

6.4.3 Evidence of Infant Feeding Practices

As noted above, individual T29 has a comparatively higitN value. This subadult was
about 3 years old at death based on dental developmentughHong bone measurements
provided a lower estimate, around 18-30 months. Dentalsgsually a better approximation
of actual age than long bone lengths, as the latter are mastipin a population owing to
vagaries of osteoclastic activity, which is influenced toeater degree by pathology and nutri-
tional issues than is amelogenesis. T23’N value of 13.%y is a full 3%, enriched compared

to the average adult femadé°N value at the site of 10%, and the child’s/'*C value was a
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little less than % more enriched than the average female value, indicatirsgstitbadult was
likely still obtaining the majority of his or her nutritiohaeeds from breastmilk.

As further discussed in chapter 7, section 7.4, Roman asittrat physicians recommended
children be breastfed for at least six months before thediiction of weaning foods such as
cow or goat milk, wine mixed with water, honey, and cereatsjdge). Direct evidence of
breastfeeding and weaning in the ancient Roman world, hekveemes from bioarchaeolog-
ical analysis of diet. Prowse (2001) found a significantedéhce in bot!*C andd*°N in
infants under 2 years of age at the Isola Sacra cemetery tifand suggested that weaning
occurred in this population some time between 3 months anela2syof age. An additional
study of Christian burials from Rome dating to about 250-A@Dfound one subadult whose
513C andd*>N values were enriched over the adult female sample (Ruteas, 2009). Rut-
gers and colleagues concluded that this two-year-old vilabeing breastfed.

The other two young children from Rome who were under the ddeeat the time of
death (ET31 and T71) were both older than three. Given histodocuments and bioar-
chaeological findings at other sites, it is unsurprising thair §'*C andé'°N values are not
significantly enriched. Bone turnover rate in subadultisgnecisely known, however, so the
only conclusion to be drawn from the data is that ET31 and T@éfewveaned at some point

prior to three years of age.

6.4.4 Dietary Differences in Childhood

The combination 0§'3C,,, values from enamel and bone is unusual in palaeodietary anal
ysis and has not been done before in the Roman world. The rcégsbtope values measured
from apatite of tissues that formed at different times in espr’s life allow me to investigate
age-related variation in diet at the intra-individual leve

Figure 6.6 presents the results of all individuals for whaingds'*C,, values from enamel
and bone were obtained. Individuals along thaxis are grouped based on burial context

and sorted left to right from youngest age group to oldesi (0- 61-70). The¥'*C,, data
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Figure 6.6:5'3C,, of Bone Versug'*C,, of Enamel

from first molar enamel effectively provides a window int@ tthildhood diet of individuals
from both sites. It is difficult to interprei**C,, without concomitant data o#'*C,, and
d'>N. Nevertheless, figure 6.6 indicates that the childhootfdigndividuals assumed to have
grown up near Casal Bertone and Castellaccio Europarcohgasaine within statistical limits
(t = 1.24; p = 0.24). Although the precise relationship betweB#C,, and diet is unknown, it
has been approximated at 94AProwse et al., 2004, 2005). The averagtc,, from enamel at
both sites is about -¥&, meaning dietary'*C,, was likely around -2%., which is consistent
with a terrestrial, @ based diet.

The Casal Bertone mausoleum and necropolis populatiores fagly consistent'*C,,
measurements between bone and enamel, but Castellacapdtco shows a significant in-
crease in'*C,, after childhood (table 6.4 and figure 6.6). Interestinglysala Sacra, Prowse

and colleagues (2005) found tlatC,, from bone generally decreased with age (see table 6.5).
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These researchers hypothesized that individuals in ogiegeoups tended to consume propor-
tionally more meat and fish than younger individuals; akéuely, those individuals who con-
sumed greater amounts of maritime protein lived longer ffeople who did not. Age-related
variation within individuals at Castellaccio Europarcdlicates the opposite trend: as adults,
people were likely eating more &nriched foods than they were as children. The lack of
age-related variation at Casal Bertone could indicatesavasable diet for people living just
outside the city of Rome compared to the diets of individurakhe suburbiumand at Portus.
Further analysis of infants from both Casal Bertone andellastio Europarco therefore could
add to our growing knowledge about infant feeding and wegpnactices in ancient Rome.

Individuals whose enamél*C,,, values are strikingly different from the average include
ET38 at Castellaccio Europarco, the only individual frorattbite whose enamel is more en-
riched than the bone, and T36 at Casal Bertone, whose boineilisrsy more enriched than the
rest of the population. The extremely hightC,, values of these two individuals most likely
represent higher consumption of ®ods as children than the remainder of the population.
Also shown in figure 6.6 are dotted lines representing a ta@odsrd deviation range of the
average bone and enamel values for each context. Indigduad fall outside of this range,
F10C from the mausoleum and T80 from the necropolis, aresstatly different than the re-
mainder of the population. F10C has slightly higher thaneexpds'*C,, values indicative
of a childhood diet with a significant,(lant component, and T80 has a lower than expected
§13C,, value suggesting a childhood diet composed of primarilylants.

Carbon and nitrogen isotopes measured from skeletal rahfesm archaeological sites
are expected to vary within the population, sometimes abgeg and sex lines, as different
individuals exploit different food resources. Comparihg &'*C,, measurements from dental
enamel, however, removes some of this variation because th&os are formed during amel-
ogenesis and thus represent a snapshot in time rather thauthulative diet over decades.
People whosé'*C,, childhood isotope ratios differ significantly from the reinder of the

population, then, were either purposefully being fed aroaimal diet or were being fed foods
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characteristic of their local ecosystem or cultural baokgid. These explanations will be ad-

dressed further in chapter 11.

6.4.5 Status Differences - Casal Bertone

Although measurements ¢f3C andJ*N in individuals from the Casal Bertone mau-
soleum and necropolis are similar in range,&hC,, values in bone from the two contexts are
significantly different (two-tailed t test:= 3.26, p = 0.02). The differences can be seen in fig-
ure 6.6 and table 6.4 along with pairédC,, data from first molar enamel. The measurements
of 6'3C,, from bone at the mausoleum of Casal Bertone are very sinaildret measurements
of 6'3C,,, from enamel, indicating the diet of an individual changéilifollowing childhood.

On the other hand, th&3C,, values of bone from the people buried in the necropolis vary
widely, particularly in the younger adult individuals (28 years and 21-30 years old, or in-
dividuals T21 through T18 in figure 6.6). Individuals on tHdey end of the necropolis age
range in turn have smallek'*C,, differences. These data are few but could indicate a more
varied diet during young adulthood followed by a less vaded in senescence.

Itis clear from the closer investigation of the burial cotigeat Casal Bertone that, if anoma-
lous individuals are excepted (see section 6.4.4), theoflitiose interred in the mausoleum is
consistent no matter age at death, whereas the adult diebsé interred in the necropolis is
quite variable. Mausoleum burial is often assumed to indieghigher social status than sim-
ple burial in the ground. In the Roman world, even if mausol@onstruction was financially
impossible for poorer individuals, membership in a guidllegiun) put mausoleum burial
within the reach of the working class of society. Althouginwiew grave goods were found at
Casal Bertone to indicate social status, excavators asktimethe people in the mausoleum
were of higher status than the necropolis people and hypiattek a relationship in which the
former were the owners or managers of the fullery/tannedytlhha latter were workers or slaves
(Musco et al., 2008). The available bioarchaeological @vi@ does not allow us to test this

assumption directly. However, the differences in diet l@stwthe two contexts could indicate
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that the people buried in the mausoleum had better or at eais# consistent access to food
over the course of their lives, whereas those in the neciopbtained a more varied diet from
whatever food sources they could find. The poorer classe®wieRvere eligible for a grain
dole of 5modii of wheat per month (equal to about 5 pecks), but citizenstap avrequire-
ment (Garnsey and Rathbone, 1985). The IBWC,, values of the mausoleum people are
consistent with a diet composed mostly of @lants such as wheat; therefore, they could have
taken advantage of the dole to a greater degree than indigidu the necropolis. Although
this variation in diet, combined with archaeological anstdical information, suggests a sta-
tus difference between the mausoleum and necropolis buataCasal Bertone, it is far from

conclusive proof.

6.4.6 Dietary Comparisons - Other Imperial Sites

Only a handful of palaeodiet studies have been done on ppusairom Imperial Italy.
The best comparative study for individuals from Casal Begtand Castellaccio Europarco is
Prowse and colleagues’ analysis of skeletons from the lialpaecropolis at Portus (Prowse,
2001; Prowse et al., 2004, 2005). Recently, a small dietagyyais was published from the
Christian (3rd-5th century AD) necropolis of St. Callixtushich was located about 3 km
from the city walls of Rome and less than 5 km from Casal Bet@RRutgers et al., 2009).
Although this site is as likely to represent a periurban pagon as Casal Bertone is, the
fact that these individuals were early Christians raisesisBue of differences in diet due to
asceticism. Prowse (2001) published additional sampke fiatn the cemetery known simply
as ANAS, which was located halfway between Portus and Romeh&r south on the Italian
peninsula, a dietary study of people from early Imperiaid/@nodern Elea) was undertaken
by Craig and colleagues (2009).

Table 6.5 lists the mean and ktandard deviations @f*C andé'°N from the Italic pop-
ulations, and figure 6.7 displays these data in graphicat.fgks noted above, the mean and

standard deviation foF'*C and§'®N from the study sites were calculated following removal
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Figure 6.7:0'3C andd§'®N Averages from Comparative Sites

of ET20 and T29. Because of differing ecological niches arallable flora and fauna, it is
currently unknown whether the actugfC andd'®N numbers of the other peninsular sites are
directly comparable to the values at Casal Bertone and [Gast® Europarco. It is reason-
able to assume, however, that people living at Rome had sate@sany of the same resources
that individuals at Portus did. Prowse (2001) assumed Heapeople buried at ANAS could
be interpreted with reference to the Portus faunal datagd®stand colleagues (2009) also
employed these faunal data in interpreting the diet of ladedrial Christians. The same must
be done here owing to a lack of testable faunal remains frosak®ertone and Castellaccio
Europarco.
The two study sites have averadféC values very close to those of Isola Sacra at Portus.

Still, the average'*C measurements from the two study populations are morehaatrithan
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513C 515N 513Cap AlSCap_CO
(bone) (bone) (bone) (bone)
Casal Bertone Mausoleum -1820.5 9.9+15 -12.8£0.3 5.4+0.4
Casal Bertone Necropolis -18#40.6 10.1+1.4 -122+0.8 6.3+-0.8
Castellaccio Europarco -18560.6 9.8+15 -10.6£0.8 8.1+1.0

Callixtus -19.8+£ 0.5 10.8+£0.8 — —
ANAS -19.4+ 04 95+1.8 — —
Isola Sacra -18.8604 11.3+16 -114+11 7.4+13
Velia -19.4+ 0.3 8.6+ 1.3 — —

Table 6.5: Mead'3C and§'°N Results - Comparative Sites on the Italian Peninsula

the average measurements at the other peninsular sitly,itiklicating a slightly higher con-
sumption of G plants. Nitrogen isotope values range more widely, but #reypredictably
higher at the Tyrrhenian coastal city of Portus than at theensh Roman sites (Casal Bertone,
Castellaccio Europarco, and Callixtus). Surprisinglywbeer, the southern coastal site of
Velia has a comparatively depleted average nitrogen ratio.

Prowse and colleagues (2004) interpret the ANAS isotopgegads indicative of a terres-
trial diet, as they'3C andd'°N values are not enriched more than expected based on trophic
level. As ANAS was an inland site outside teaburbium this conclusion is not unusual.
At Portus, on the other hand, individuals were comparatieariched in both§'°N and, to a
lesser degree, ii**C. As Portus was located on the Tyrrhenian coast, it is noxpesed to
find that its people were consuming nitrogen-enriched negoiotein. The Roman Christians
buried in the necropolis at Callixtus have averageN values midway between Isola Sacra
and ANAS, indicating more marine protein consumption tHanlatter but less than the for-
mer. This necropolis was located about 3 km from the TibeeRimeaning people living
in the area could have had access to marine resources. Ruatggrcolleagues (2009) note
the comparatively low (depleted}>C values from individuals in the Callixtus necropolis and
interpret them as evidence of consumption of freshwater fighally, at Velia, a site in Cam-

pania on the Tyrrhenian sea, Craig and colleagues (200®rtouk a large dietary analysis of
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human and faunal remains. They concluded that their aveéfd@eandd'®N values were con-
sistent with a largely terrestrial diet of cereals with a Broantribution from meat and marine
resources. These researchers further note, howeverh#ratwas substantial variation within
the population at Velia, suggesting that the diet of indil$ buried there was not uniform.

The averag@'°N values of populations from Casal Bertone and CastellaEcimparco
fall between the diet of people at Portus and Callixtus, withderate marine protein compo-
nents, and the diet of people at ANAS in the countryside ofunatand Velia in Campania,
who consumed a diet composed mostly of terrestrial protéidloes not appear that legumes
constituted the bulk of the protein component of the dietgt@f the Italian sites. The aver-
aged*C values from Casal Bertone and Castellaccio Europarcdyenther hand, are higher
than those at Portus and quite a bit more enriched than tHodaia, ANAS, and Callixtus.

A more enriched**C signature coupled with &°N average on par with surrounding con-
temporaneous sites indicates the consumption of mere@@ls, either directly or indirectly,
by the people at Casal Bertone and Castellaccio Europarewertheless, both of these sites
have quite wide ranges éf3C values, and neither is similar to the average values abyear
Callixtus, indicating there was no standard Roman diet.

No comparative data were found 6*C,, from dental enamel against which to inter-
pret the results from Casal Bertone and Castellaccio Eucopalhe significant enrichment
in §'3C,, from childhood to adult diet at Castellaccio Europarco wasxpected considering
the age-related dietary variation discovered by Prowsecalldagues (2005) at Portus, where
§13C,, was lower in adult bones than in subadult bones. The isotbuy ©f a population
from Roman-period Egypt by Dupras and colleagues (2002yekier, helps generate a hy-
pothesis for the discoveredC,, increase at Castellaccio Europarco. Dupras and colleagues
(2001) found that infants in their sample who were being tfed or in the process of wean-
ing displayed a distinctivé'*C enrichment, which they believe was related to the practice
giving infants cow or goat milk from animals that had beendectd on millet. Millet was

well-known in the Roman world as fodder for dairy- and eggeucing herbivores, but its low

177



nutritional value for humans meant it was unlikely to be aonsd directly except in times of
food shortage and famine (Jasny, 1942; Garnsey, 1999; NEO®9; Purcell, 2003).The low
§13C,, values in the enamel of individuals from Castellaccio Earop indicate that the C
enriched foods were not given to infants in the process ofwmga meaning goat or cow milk
might not have made up a large part of the weaning foods affar®Roman infant. Rather,
the fact that the adult diet is enriched with respeci't,, indicates that people were likely
eating food produced by animals foddered on the grain: mutioultry, beef, milk, or eggs.
Of these, mutton is the most likely candidate, as there isamalogical evidence to attest to
about one-quarter of the protein component of the Romarbdiaty composed of sheep or goat
meat, with beef and poultry less often consumed (Brothwi€Il8§8; Garnsey, 1999). Further
analysis would be necessary, of course, to confirm this lngsig, particularly testing faunal
remains from the site of Castellaccio Europarco to detegrifiany herbivores were enriched
with respect taf*3C.

Comparative analysis of th&*C and §'°N values of skeletal populations from nearby
sites indicates that terrestrial meat angglants such as wheat made up a large portion of
the average diet. Beyond this, however, there is signifigariition between sites, as some
populations consumed fresh- and/or salt-water marinaireee and some consumeg @ants
directly or indirectly. There is also variation within pdptions; the three populations from
the Romarsuburbiumhave substantial, yet non-overlapping,C ranges. Additional research
is needed into dietary practices in Rome, the Italian peménsand the Empire in general in
order to better understand the diversity of foodways ando#gbion of local resources that

have been largely glossed over in surviving historical sesir

SNevertheless, both direct and indirect evidence of consiampf C, plants has been found in earlier time
periods of Roman history in northern Italy (Pals and Voarif®79; Murray and Schoeninger, 1988; Tafuri et al.,
2009) and at Pompeii (Robinson, 2002), although Motta (26@2nd no evidence of millet in a palaeobotanical
study of the Palatine in 8th-6th century BC Rome.

178



6.5 Conclusions

Results of the dietary analysis from periurban Casal Bertmmd suburban Castellaccio
Europarco indicate the two populations were utilizingeliént resources to comprise the part
of their diet that differed from the standard ancient Meudérean diet. Whereas individuals
living closer to the city of Rome were consuming some maresmurces, those in trsaibur-
biummade greater use of millet. Within the population from eatd $here is no significant
evidence of sex-related variation. A change in the type ofifoonsumed after infancy can be
seen at Castellaccio Europarco, where a dramatic increas&d,,, between enamel and bone
is indicative of increased consumption starting perhaps in later childhood. Casalddet
on the other hand, provides evidence of a relatively statickgbtween childhood and maturity.
The individuals from mausoleum burials preseni€tC,, enamel and bone values that were
very close together, suggesting these individuals had & gonsistent access to resources
and could thus have been of a higher social class than ingilsdrom the necropolis. Ev-
idence of one breastfeeding child was found from Casal Bertdemonstrating a lengthier
period of nursing than the minimum advocated by ancientiglayss.

The dietary study of individuals from Casal Bertone and €&stcio Europarco was ini-
tially undertaken in order to provide contextual inforneatabout the diet of individuals living
in periurban and suburban Rome. The unexpected availabilif'*C,, data from enamel,
however, provided a way to compare an individual’s diet ai tifferent points in his or her
life. In the sample of 36 individuals for whoit3C,, data from both bone and enamel were
gathered, four were found to deviate from @ eange ofd'3C,, values calculated for each
site, indicating a childhood diet different from the tydi€oman diet. These findings will be
discussed in more depth in chapter 11.

Comparisons between the diets of individuals at Casal Berémd Castellaccio Europarco
with Imperial-period sites from the Italian peninsula shivat there was no singular Roman
diet. To a base of cereals, olives, and wine were added teateseat, legumes, fish, and mil-

let in different proportions and from different sourcesth®lugh copious amounts of food were
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imported from various areas of the Empire - grain from northioa, olive oil from Greece,
wine from France - the diet of the average lower-class Romaslikely contingent on food-
stuffs available in the immediate area. This palaeodiedaalysis of two sites in the Roman
suburbiumdemonstrates the variation that existed in the diet of themaon people. More
stable isotope research is heeded on populations from Rothbregperial Italy, in addition to
zooarchaeological and palaeobotanical studies, in oodaote fully understand the variety of
natural resources available for both human and animal eop8an in this important historical

time period.
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Chapter 7

Methods of Assessing Mobility

This project on migration and mobility in the Roman Empirgtsgrimarily on the assump-
tion that it is possible to identify nonlocal individualsdgal on their skeletal remains. Although
there are examples in Rome of foreigners commemoratingdekms or their families in death
(e.g., the aforementioned Eurysaces), the vast majoritiieofower class was buried outside
the city walls in simple graves with few goods that would sate a connection with a different
homeland or ethnicity. Assessing mobility from bioarcHag@al remains of lower class Ro-
mans thus necessitates chemical analyses of the skedstat fiself. Part 111 of this dissertation
presents the methods most often used to understand mabitie past from human skeletal
remains. The methodological background for two chemicalya®s are given in this chapter,
as well as examples of studies in the Roman world that utiizee methods. Results of the
chemical analyses of the Casal Bertone and CastellaccimpBroo populations are presented

in the next three chapters, followed by a discussion of kaald nonlocals in Part V.
7.1 Archaeological Mobility Studies in Brief

From investigating hunter-gatherer food procurementepadt to understanding contem-
porary transnational immigrants, mobility studies in aogology have several questions in
common: What was the impetus to move? How can we charactssinenunities with non-

local members? What was the quality of life like for the indival who moved? Like many



researchers who engage in archaeological mobility stutliaskle mainly the latter two ques-
tions, as push and pull factors of immigration are notoripdsficult to deal with in ancient
populations (Anthony, 1997). The quality of life of the lowaass of Rome is not well-known
from historical texts, and there is a gap in palaeodemoggapimformation on immigrants to
the city. As noted in chapter 4, there are no distinguishimgracteristics, either biological
or cultural, that would suggest that any of the individuatsrf Casal Bertone or Castellaccio
Europarco originated somewhere other than Rome. Idenidicaf nonlocal individuals is
thus critical to my research, which employs a multipronggpraach to characterize mobility
among the cemetery populations at Casal Bertone and GastiellEuroparco.

Prior to the 1990s, investigations of mobility used quaititrte statistics to demonstrate,
for example, exogamous marriage patterns and populatigmoRelethford and Lees (1982)
laid out ways of understanding human population structtomfskeletal traits and Kennedy
(1981) used biological distance statistics to survey rageipatterns in Newfoundland based
on skeletal remains. The processualist focus on anthropgme an objective method for un-
derstanding past population dynamics has largely beerusdis by chemical techniques for
studying ancient human tisstiéA recent review of statistical methodology by Stojanowsid a
Schillaci (2006), however, is indispensable for its cogeraf questions that can be answered
using anthropometry and its demonstration that this teglercan yield important information
about past group mobility. The skeletal material availdbtethis study was not particularly
well-preserved, and a craniometric analysis could not seopred to investigate migration.
Statistical analyses of nonmetric cranial traits were grened on data recorded from adult
skulls from Casal Bertone and Castellaccio Europarco. g haalyses, however, are inconclu-
sive because nonmetric data are better suited to uncowéiffiegences in a population rather

than between individuals. The nonmetric trait analysisésented in its entirety in appendix C.

1A quick review of theAmerican Journal of Physical Anthropolodgr the year 2009, for example, finds
just two articles that used only anthropometric data to stigate questions of migration in modern humans
(Schillaci et al., 2009; Hanihara and Ishida, 2009). On tieiohand, four articles used only chemical analyses
to understand migration (Mitchell and Millard, 2009; Pesatyal., 2009; Schroeder et al., 2009; Knudson and
Torres-Rouff, 2009), and one additional article combinleenaical and statistical methods (Leach et al., 2009).
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Much more common in mobility studies today is the employnadrdhemical analyses of
human bone and teeth. Starting in the 1990s, archaeologaized that, whereas cranial and
dental metrics worked best to characterize groups of pemu®pe analyses had the potential
to identify anomalous individuals. The first applicatiofistontium isotope analysis of human
tissue were done by Ericson (1989) and Sealy (1989). Botliestisought to identify individ-
uals who grew up on the coast versus inland, the former ingiaic California and the latter
in South Africa. Shortly thereafter, Price and colleagueg¥©@a,b) used this technique on the
Bell Beaker people in ancient Bavaria and the Native Amesat Grasshopper Pueblo in Ari-
zona. The vast majority of strontium isotope analyses dgnanthropologists today address
guestions of human mobility (Knudson and Price, 2007, p. Zg)alysis of oxygen isotope
ratios became popular in the early 2000s. Following work &égiggists who demonstrated the
possibility of reconstructing past conditions from mamimathe in spite of fractionation effects
(Longinelli, 1984), one of the first uses of this analysisrteeistigate human mobility in the
past was at Teotihuacan (White et al., 1998). Scholars imwsigeographical areas began to
undertake oxygen analysis, as in Egypt (Dupras et al., 280d Britain (Budd et al., 2003a),
in order to characterize mobility in the past. Oxygen isetapalyses are thus being used today
to understand the ancient climate, water sources avaitalilemans in the past, and human
and animal mobility.

Two elements that are sometimes studied in order to providetdevidence of ancient mi-
gration of individuals are lead and sulfur. The use of leadloiges is not widespread and has
been primarily used in Roman Britain (Montgomery et al., @0@ontgomery, 2002; Mont-
gomery et al., 2005). Lead isotopes are similar to strontswmiopes in that they vary with
respect to the geology of the region and are incorporatedive human body mainly through
diet in preindustrial societies. Anthropogenic lead, hesvedoes seem to have had an effect on
the lead isotopes measured from the skeletons of a RomatskByopulation (Montgomery
et al., 2005). Although individuals from Casal Bertone ara$t€llaccio Europarco were not

buried in lead coffins, it is well known from ancient sourcastsas Pliny’Historia Naturalis
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and Columella’sle re Rusticdhat lead was used and consumed in many everyday items, from
eating utensils to sweetened wine to water pipes. Becaugseassumed prevalence of an-
thropogenic lead in Imperial Rome, this element was notehas a method of characterizing
the mobility of individuals in this study. Much more recenttome scholars have advocated
using sulfur isotope analysis to investigate migratiorcfRrds et al., 2001; Vika, 2009). Like
strontium and lead, sulfur is linked to geology and, likebcar and nitrogen, it is also linked to
diet. Sulfur is most useful in distinguishing between peapho lived near and ate food from
the coast and those who are characterized more by an inignatsre. Because of the geogra-
phy of Italy, oxygen and sulfur isotope analyses are likelpitoduce similar information. For
this reason, sulfur isotope analysis of the skeletal regfom Rome was not undertaken.
The most recent trend in archaeological mobility studiesnigloying a variety of tech-
niques to characterize past movement, including isotdpsse elements, and morphometrics
(Knudson and Price, 2007; Schwarcz et al., 2010). Reseaartfaye most often combined
strontium and oxygen isotope analyses (Bentley and Knj@05; Evans et al., 2006a,b;
Schroeder et al., 2009), but there are examples of combirgatf strontium with lead (Mont-
gomery et al., 2000; Montgomery, 2002) and of the inclusibmorphometrics (Leach et al.,
2009). Statistical analyses of nonmetric cranial traiteangemployed at the outset of this project
in order to gain a broad understanding of the charactesisti@and possible relationships be-
tween the people at Casal Bertone and Castellaccio Eumappendix C). Strontium and
oxygen isotope analyses were then undertaken on subsétspdpulations in order to specif-

ically identify nonlocal individuals.

7.2 Strontium Isotope Analysis

Although some researchers have used trace elements toizeogobility, heavy and light
isotopes are the most useful for understanding ancientatmgr. The frequently utilized el-

ements of strontium and oxygen form independent systenigefiact their consumption by
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plants, animals, and humans in the food chain. Individuadsllto an area should have an
isotope signature characteristic of the water, soil, amttson the region. Nonlocal individ-
uals will present anomalous ratios compared to the loaiyred signature. By comparing
the isotope ratios of Sr and O in human tissue with publistesdagy and climatology data, it
becomes possible to predict the homelands of nonlocaliohais (Pollard et al., 2007, p. 191).

The fundamental idea behind strontium isotope analysigasthe relative abundance of
strontium isotopes is related to bedrock and to the gecddgrculiarities of a particular region.
As bedrock weathers, it releases strontium into groundwartd surrounding soil, and this
element enters the food chain and is incorporated unfreatigal into the human body during
tissue formation. Chemical analysis of bone or enamel casitidicate whether an individual
moved during her lifetime and potentially whence the pesmigrated.

Strontium has four isotopes that occur in nature with défféabundances®Sr,®”Sr, ¥Sr,
and®Sr. Whereas$®Sr, 86Sr, and®Sr do not vary over timé’ Sr increases with time because
of the decay of"Rb. This radioactive decay is an extraordinarily slow pesgéiowever, as
87Rb has a half-life of about 47 billion years (Pollard et a00Z). Although this isotope sys-
tem is not technically stable, the minuscule increase wnstrm from the decay of rubidium
during the Holocene means tHa8rF°Sr can be treated as a stable isotope system for archae-
ological populations®”Sr is measured in relation t6Sr because these isotopes are similar in
abundance (7.04% and 9.87%, respectively), whet&rsand® Sr are the highest and lowest,
respectively.

The strontium isotope ratio of any specific rock reflects #lative amounts of rubidium
and strontium present during its formation, as well as pastration processes such as mixing
or metamorphic activity (Montgomery, 2002). Measufé8rfSSr ratios are related to both
the age and the isotopic composition of the rock; thus, aideks have more radiogentéSr
than younger rocks. The geology of our planet has not chasigaedficantly in the time since
modern humans evolved, and tH&rfSSr ratio of Earth ranges from about 0.703 in young

volcanic rock to 0.740 in older, crustal rocks (Faure, 19d6ntgomery, 2002; Pollard et al.,
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2007). The differences in strontium isotope ratios withiis range are small, but with the
advent of thermal ionization mass spectrometers (TIMS)y ttan be measured to a precision
of +£0.000007 (Montgomery, 2002).

Strontium enters the biosphere through the weatheringaifstoThis heavy element does
not significantly fractionate like the light isotopes (oxyg carbon, and nitrogen - see chapter 6
and below), and thus strontium passes into groundwatdr, gants, animals, and humans
basically unchanged from its original geological ratio.vilig¢heless, strontium isotope ratios
are said to beharacteristicof a geological area rather than a direct reflection of it heea
strontium ratios can be modified by the mixing of sources wifferent strontium ratios and
concentrations (Montgomery, 2002, p. 24-5). If local w&tem the volcanic geology of
Rome, for example, is mixed with a large amount of seawattr a/low Sr concentration, the
concentration of the mixture will decrease significantlyt the Sr ratio should only decrease
slightly. Strontium isotope ratios are thus often plottechpared to strontium concentrations
on a mixing line with two endpoints, the local and the introed ratios (Montgomery, 2002,
p. 25).

Humans obtain strontium primarily from their diet. The wate drink and the plants and
animals we consume all possess strontium isotope ratisaatieaistic of the geology in which
these food items were produced. As the atomic radius oftstrans similar to that of calcium,
strontium can substitute for calcium in certain mineraisjuding apatite and phosphate. Al-
most all of the strontium in the human body is found in skeletaues (Underwood and Mertz,
1977). Bioavailable strontium thus moves unchanged frathgohrough the food chain to the
human body, where it is incorporated through passive dukisti for calcium into the mineral
phase of tissue development (Montgomery, 2002, p. 34). Ebéogical provenance of an in-
dividual from his hard tissue is made possible by analysie@f Srf°Sr ratio, which provides
a link between humans and geology through the intermediaiet

Similarly, the strontium concentration in tissue is rethte both the diet and the amount

of strontium available in the geological environment, sorgium concentrations also vary
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geographically and with trophic level. Herbivores, for eyde, have higher strontium con-
centrations than carnivores, as meat has low levels oftatrarand plants have high levels;
modern humans typically range between 50-300 ppm (Montgpra802, p. 37). It is there-
fore possible that excessive consumption of one dietargiymocould change an individual’s
87SrfSSr ratio. Both the concentration of strontium and the raétweer”Sr and®Sr can be
measured from the hard tissue of ancient human remains.

Strontium isotope analysis tends to be expensive, as treegsoof extracting, cleaning,
and analyzing strontium from ancient human remains is ktensive and slow. Until very
recently, all strontium analyses were done via thermalzation mass spectrometry (TIMS)
(Pollard et al., 2007). TIMS is an extremely accurate andipeaway to measure isotope ratios
in samples with very small elemental concentrations. Astiaead, all strontium ratios on
Earth fall within a very small range, necessitating highcgien in their measurement. Some
researchers have investigated the use of inductively edypbsma mass spectrometry (ICP-
MS), but the accuracy of the resulting measurements is anéte archaeological samples
(Pollard et al., 2007). This project used the TIMS methodabee of its availability at the
Isotope Geochemistry Laboratory in the Department of Ggo#d Sciences at UNC.

Previous studies of migration and mobility within the Rontampire using strontium iso-
topes have only been undertaken in Late Roman Bavaria (Ss$iwg and Grupe, 2003),
Britain (Evans et al., 2006b), Greece (Nafplioti, 2008)d avortheastern Africa (Buzon and
Bowen, 2010). The countries of Germany and the United Kingd@ave been fairly well
studied in terms of strontium bioavailability in the Imparperiod, but there have been no
comparable studies in Italy. Only two strontium studies @idgical remains in Italy have
been accomplished, both on prehistoric faunal materialges& studies will be discussed in
more depth in chapter 8, along with the results of the stunomtisotope analysis of samples
from Casal Bertone and Castellaccio Europarco. The stnonéinalysis in this project there-
fore serves to both understand mobility in the Roman Empiick ta generate baseline and

comparative data to aid future studies of migration.
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7.3 Oxygen Isotope Analysis

Oxygen isotope analysis has been used for many years inggéilaate studies. Its appli-
cation to questions of past human mobility, however, becpapeilar only in the last decade.
Oxygen isotopes are related to various climatologicabiacthat affect the elemental composi-
tion of water. Because the oxygen isotopic composition afybwater is related to the isotopic
composition of environmental water (Longinelli, 1984)stiands to reason that measuring the
oxygen incorporated into human tissue during developmdhyield a ratio characteristic of
the local area in which a person lived.

Whereas strontium is a heavy element and passes throughdtechain unfractionated,
oxygen, carbon, and nitrogen (see chapter 6), are lighteziesn Oxygen occurs naturally in
more than one stable isotopic form. The most abundaHitds(99.76%), with the heavier
isotopes of*O (0.2%) and O (0.04%) making up a fraction of all available oxygen (Palla
et al., 2007). Unlike radioactive isotopes suchb or!*C, stable isotopes of an element do
not decay over time (Katzenberg, 2008).

The amount of®0 versus the amount fO in a sample can therefore be directly measured
by an isotope ratio mass spectrometer (IRMS). The meast@#tf O ratio is usually presented

in delta notation:

18 16 18 16
O/ Osample - O/ Ostandard
180/1603tandard

5§20 (%0) = ( ) x 1000

where the delta value is given in per milo) and measured with respect to a standard. Oxygen
isotope ratios are typically measured with respect to th&1@®/ (Vienna Standard Mean
Ocean Water) standard, although it is also possible to medkam with respect to VPDB
(Vienna Pee Dee Belemnite). The latter standard is ofted femeasuring oxygen isotope
ratios from carbonates. A conversion exists to compareat#&ined relative to each standard.
In this study, measurements were taken with respect to VSMOW

The 60 of both meteoric (rain, snow) and environmental waterefsy springs, lakes)
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varies by region in relation to factors such as temperatweidity, distance from the coast,
latitude, rainfall, and elevation (Craig, 1961; Gat, 199B)easurement o§'*O of a sample
can thus provide an indication of the climate of the area irctvkthe sample was formed. The
oxygen found in the human body comes primarily from threeseai drinking water, water
in consumed plants and animals, and inhaled molecular oxyQ&ygen also leaves the body
in the form of sweat, urine, and exhaled carbon dioxide. Badier is thus a balance between
incoming and outgoing oxygen. Longinelli (1984) was thet ficssuggest that measurement
of §'80 in mammalian tissue could answer palaeohydrological ataEpclimatological ques-
tions. He (1984, p. 385) reasoned that the mean isotopic esitign of environmental water is
one of the main variables controlling the oxygen isotope paosition of mammalian body wa-
ter. His study of the isotopic composition of the body watierats, domestic pigs, and humans
demonstrated a direct relationship (equilibration) bemvées'*O of ingested water and body
water. The oxygen isotope signature of environmental wedarthus be measured from both
hydroxyapatite carbonate and phosphate in human dentadetrzaad bone (Longinelli, 1984;
Luz et al., 1984). If the majority of the oxygen that a persogeisted or inspired while his
teeth and bones were forming came from local water sourceaneasured®*O value from
his hard tissue would be characteristic of the geograpipiealliarities of that water, taking
into account metabolic fractionation between enamel ardy veater (Levinson et al., 1987,
lacumin et al., 1996; Daux et al., 2008). It is therefore gwedo identify individuals who
accessed either local or nonlocal water sources and, bgeimde, locals and immigrants.

It is not often straightforward, however, to compare & measured from human tissue
to that of the environment, 8%0 is preferentially retained comparedt® during evaporation,
condensation, and precipitation (Bentley and Knipper,520The amount of®O in food can
be significantly higher than that of local environmentalevaparticularly for herbivores (Daux
et al., 2008). The majority of human&'®O phosphate and carbonate signatures, however, is
related to the composition of drinking water (Longinel®84; Luz et al., 1984; Levinson et al.,

1987; lacumin et al., 1996). Various linear relationshipsehbeen obtained by researchers
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between the/'®O of the phosphate or carbonate in mammalian tissue and'tfeof local
meteoric water. Using these equations, which differ shght terms of both slope and y-
intercept value, it is possible to approximate th&0 value of a person’s drinking water from
his enamel or bone.

Carbonate in human tissues can be more susceptible to @idgetteration in the post-
burial environment than phosphate, but dental enamel ldyigsistant to diagenesis. Multiple
studies have shown the lack of diagenesis of both the catbana the phosphate components
of dental enamel, even in samples submerged in water foraetieousands of years (Lee-
Thorp and Sponheimer, 2003; Zazzo et al., 2004). The asabfshes'*O of carbonate is
faster and easier to perform than tHéO of phosphate and is growing in popularity, although
more researchers still measure the phosphate componezdtbf fThe one comparative study
of 5180 from ancient Rome by Prowse and colleagues (2007) wasrpetbon carbonate. For
ease of comparison and ease of analysis, in this stilti) values were measured from the
hydroxyapatite carbonate portion of human dental enarseklly represented @$°0,,,,.

As measurement of the carbonate portion of the human tootbxiggen isotopes is done
less often than measurement of the phosphate portion, ihergrently no equation for hu-
mans that directly relates carbonate values to drinkingrvét calibration equation that relates
enamel carbonate values to drinking water values existsshspecies-specific (Longinelli,
1984; Luz et al., 1984). lacumin and colleagues’ (1996)dimegression equation 1, which
calculated oxygen isotope drinking water values based ggaexisotopes measured from the
carbonate portion of deer teeth, is thus not directly applie in this study In order to compare
measured human oxygen isotope values to a map of drinkingy veattope values to track mi-
gration, therefore, it is necessary to convert the carlgovelties to phosphate. The relationship
between the carbonate and phosphate portions of mammedétnis constant and can be ac-
curately predicted 1) given the assumption that the enaraslfarmed at normal human body
temperature of 3TC; and 2) by employing a fractionation factar)( The conversion from

carbonate to phosphate is as follows, based on Bryant atehgokes’ (1996) equation 1.:
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1000 + 6'%0,,
(8

30, = — 1000
The value ofa has been found to be 1.0@89 0.0007 by lacumin and colleagues (1996) and
1.0086+ 0.0007 by Bryant and colleagues (1996). In this study, bfelthe lead of Millard
and Schroeder (2009), who derive a weighted average of tladses ofo. = 1.0088+ 0.0005.

A significant amount of work has been done on the relationsbipveen thé'*O of phos-
phate and drinking water in humans (Longinelli, 1984; Lualet1984; Levinson et al., 1987;
lacumin et al., 1996; Daux et al., 2008). Each of these rebesas calculated a regression
equation to relate measured human enamel phosphate vélit@g) directly to drinking water
(0*0y,), and each equation differs slightly in its slope and y+icépt value. Recent work
by Daux and colleagues (2008) synthesized these previpudlyshed studies and added new
data to generate the best linear relationship calculatet®, with an-? correlation of 0.87

and ap value of2 x 10~19:

§%0q, = 1.54(£0.09) x 630, — 33.72(41.51)

The direct linear relationship presented in Daux et al. 80Bowever, does not perfectly
relate the oxygen composition of an individual's enameh published map of precipitation
values in Italy (Longinelli and Selmo, 2003). Further dission of the measured and converted
5'80 values in regard to Roman drinking water will be presentechiapter 9 along with the
results of this analysis.

Only a handful of oxygen isotope studies have been done &siigate migration in the Ro-
man Empire. Dupras and Schwarcz (2001) investigated a 3riigeAD cemetery in Egypt
and found that males were more enrichediO than females, indicating the former were

more mobile. In Britain, where the majority of the Old Workbtope studies are currently
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being done, Evans and colleagues (2006) studied a RomatshEAth century AD) popula-
tion from Winchester and used oxygen isotope analysis totikye‘exotic” individuals with
significantly lowers'®O values than the remainder of the population. A more redenyson
additional individuals from the same site by Eckardt andeagues (2009) found that some
of the immigrants likely originated in the Hungarian basirtlte southern Mediterranean. In
Roman-period York, Leach and colleagues (2009) used oxigggope analysis to find four
nonlocal individuals and hypothesize that one came fromrawaarea and three from conti-
nental Europe.

The study of Prowse and colleagues (2007) deserves thomugdideration, as it is the
only oxygen isotope study of past human behavior that has deee in central Italy and
provides a comparable data set for &0 values obtained from individuals at Casal Bertone
and Castellaccio Europarco. Tracy Prowse (2001) studiatheemains of individuals from
Isola Sacra, the 1st-2nd century AD cemetery associatédReittus. Prowse hypothesized that
many of the individuals buried at Isola Sacra were assatiaith the grain trade, as Portus
acted as a way station before grain was transported inlarRbtoe. The dietary analysis
by Prowse and her colleagues mentioned in chapter 6 indidhte people at Portus were
consuming a significant amount of marine resources (Pra2@H,; Prowse et al., 2004, 2005).
Prowse and colleagues decided to undertake an oxygen ésat@glysis of first molars from
individuals buried in the Isola Sacra cemetery in order tdeustand patterns of migration
within the population. Oxygen was chosen both because aithigability of data on thé'®O
of meteoric precipitation in Italy and because the researcfelt that” SrF°Sr isotope analysis
would be compromised by the amount of marine foods consumeedple living near the sea
(Prowse et al., 2007, p. 511-2).

In order to characterize the loc&PO signature, Prowse and colleagues (2007) measured
the oxygen isotope signatures of 24 deciduous teeth cetldodm 19 children who were born
in the city of Rome in the late 1980s. They also tested pairstidnd third molars from 61

individuals from the Isola Sacra cemetery population. Tieeyd a continuum o§*¥O values

193



in the ancient population, which they interpreted as ewidesf people coming to Portus from
gradually further distances (518). Additionally, they malustatistically significant differences
between the first and third molars of numerous individualsctvthey interpreted as evidence
of movement during childhood (517). These researcherstheteplan to undertake a stron-
tium study to support and clarify the results of the oxygelB[5 The oxygen isotope analysis
of Prowse and colleagues (2007) clearly demonstrates thksifemales, and children were
mobile during the Roman Empire, an important finding thataradores the need for chemical
analysis of skeletons in addition to the study of historieaks and epigraphical inscriptions
from tombstones in order to reconstruct population dynaraie palaeodemography in Rome.
Results from the present study of individuals from the pdan context of Rome are com-
pared directly with the'®O,,, data from Prowse et al. (2007) in chapter 9. A local range for
Rome will be refined, and the data will be compared to drinkuager values in Italy. Individ-
uals whose 0 values significantly differ from that of the local water ganwill be treated as
consumers of nonlocal water and inferred to be immigrantsally, where possible, the place
of origin of nonlocal individuals is hypothesized based & talculated*O values of their
drinking water and maps of the average anmi&D of meteoric water in Italy and the rest of

the Empire (Longinelli and Selmo, 2003; Bowen and RevenaRgf3).

7.4 Sample Selection

Osseous tissue remodels and regenerates through theéfefian individual, and bone
turnover takes between two and twenty years depending sizéef the bone and the amount
of cortical versus trabecular bone. This means that chéedysis of the femur, for example,
represents about the last 5-10 years of an individual's(lifrsen, 1997). Dental enamel,
however, does not remodel following amelogenesis and iempt only wears down. Because
we know the age at which teeth form, chemical analysis ohtekdws us windows into several

different times in an individual’s life: the crown of the firgermanent molar is complete by
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age 3; the incisors and third premolar between 4-6; the skowlar, fourth premolar and
canines by 6-8; and the third molar between 12-16. An oftmedstudy by Sealy et al. (1995)
demonstrates that it is possible to track the movement ofratieidual throughout her lifetime
by testing different teeth as well as bone.

During data collection in Rome, samples were taken from asyrralividuals as possible.
First molars, third molars, and femoral midshaft sectioeserobtained for use in destructive
chemical analyses. A debate exists in the literature abbether a study of mobility should
use dental enamel, bone, or both. Price and colleagues,(R0901) write that, “Measurement
of dental enamel provides a signal of place of birth and nremsent of bone indicates the
place of death.” Price and Bentley are the most strident@ates for the use of bone to create,
in particular, a local baseline of strontium values (Priteale 2002; Bentley et al., 2004;
Bentley, 2006). In their view, bone values from humans omeats in a particular geological
area can be used to represent the expected strontium rati@todrea. On the other hand,
Janet Montgomery (2002, p. 409) points out that “infornradout the place of death can be
obtained far more easily, cheaply and reliably in the vagontg of cases just by recording
the place of burial, particularly as adult cortical boneastrepresent the last 20 years of
life and not perimortem values.” Measuring strontium angigen ratios from bone tends to
yield data consistent with local geology and climate. BanefCasal Bertone and Castellaccio
Europarco skeletons was therefore not subjected to cheamabysis to characterize migration.

Isotope ratios preserved in the teeth, on the other handggept the individual’s intake
of those elements averaged throughout the duration of cfomnation. Dental enamel is a
static tissue and is extremely resistant to diageneticadits in the post-burial environment.
Some researchers undertaking isotope studies specifieatlyor the effects of diagenesis by
analyzing multiple teeth from the same individual and by panng the crystallinity index
between the sample and modern enamel (Montgomery, 200&;sEret al., 2007). It was
not possible to assess diagenetic factors in the presalyt; stawever, care was taken in both

strontium and oxygen isotope analyses to avoid the possitliaminated enamel on the outer
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surface of the crown as well as the enamel close to the desmogjunction, where elemental
exchange is known to occur (Pollard et al., 2007; Boushedll.e2007). For both strontium
and oxygen isotope analyses, therefore, dental enamelseas Qut of the 183 total skeletons
studied from the two Imperial sites, first molars were oladifirom 105 and third molars
from 67. First molars rather than third were chosen as the skt for this initial project on
mobility primarily because the structure of migration ie tRoman Empire is not well known.
If only third molars had been tested, evidence of young caéildunder 8 years of age) who
immigrated to Rome would have been overlooked.

Although numerous researchers have tested first molarsier tw assess the origin of an
individual, there are a couple of caveats with this methdated to ontogeny and lactation.
In terms of strontium, Janet Montgomery (2002, p. 43-4) esgihat it is best to sample teeth
that are formed post-weaning in order for an individudiSrf°Sr ratio to accurately reflect
the food and water that he or she consumed. It has been deatedghat lead (Pb) stored for
several years within the skeleton can be released into twbh response to an insufficient
calcium intake, particularly in pregnant and lactating vemm Lead can cross the placental
barrier, and in studies of rats, it can pass from mother t&dhrough milk. Montgomery
(2002, p. 44) argues that strontium could be mobilized instime way as lead in response
to high calcium demands. Therefore, a mother who has rgcenthigrated to Rome might
have the®”Srf%Sr ratio of her old home in her skeleton, which can then affesst child’s
isotope signature through the child’s consumption of dredls, making him or her appear
to be an immigrant. First molars thus may inherit isotopeaigres that relate more to the
mother’s years before pregnancy than to a child’s birth lecdt is therefore possible that
individuals with anomalous strontium signatures are fyesteration Romans with immigrant
mothers. Montgomery (2002) suggests testing premolarighwgtart forming around the age
of four and which have a simple cusp formation but plenty afreal for sampling. Premolars
were not available for this study. However, strontium tegof third molars from a subset of

the population is planned for the future. By comparing thiaddotained from first and third
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molars of the same individual and comparing that to *t&r/f°Sr ratio of Rome, it should
be possible to obviate some of the problems associated wihilgle strontium transference
during pregnancy and lactation.

In terms of oxygen, it has similarly been suggested that thiatbn of nursing commonly
found in preindustrial societies can affect tH8O of the teeth formed while a child is breast-
feeding (Wong et al., 1987; White et al., 2004a; Evans e806b; Buzon et al., 2010). A
child’s teeth that form before weaning are influenced by tla@ewconsumed by his or her
mother provided that child is breastfeeding when amelogjsraecurs (Evans et al., 2006b).
Breastmilk has been shown to be enriched’i*O relative to drinking water, leading some
researchers to conclude that there is a “nursing effect’henytO of teeth formed during
breastfeeding (Wong et al., 1987). Most notably, White aoleagues (1994a,b) found a
trophic increase id**O among ancient populations in the Old and New World, at Teattan
and in Nilotic Nubia. These researchers comparedith®, of bone from nursing children
with that of post-weaning children and found that, at Tamditan, nurslings had a %7 in-
crease over weaned children and adults and, in Nubi&oarrease over weaned children.
However, when White and colleagues comparedth®, of enamel from Nubian teeth formed
pre-weaning, such as the first molar, to those formed poatimg, they found a nearly/it de-
crease, which they attribute to possible seasonal fluctnsitn food and water sources. As the
studies by White and colleagues show, the effect that a iraptrease in®0 has on the oxy-
gen ratio measured from a human first molar is still uncleadifionally, as seen in the differ-
ent numbers found at Teotihuacan and Nubia, factors suchrati@h of breastfeeding, access
to food and water resources for the breastfeeding mothersaasonality of water sources
likely affect thes*®*O of breastmilk and therefore thé*O of enamel formed prior to weaning.
Therefore, it is important to address evidence of breaditigeduration on a site-by-site basis
when considering oxygen isotope ratios from early formagh.

In the late 1st and early 2nd centuries AD, the Greek physiSiaranus’Gynaecology

instructed about both women’s health and the care of nevgband remained the standard text
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until the 16th century. Soranus begins his discussion omvara how to wean an infant
(Book II, Chapter XXI, Article 46) with a complaint that somveomen start feeding their
babies cereal after 40 days. He recommends nursing for sithmpfollowed by gradual
introduction of weaning foods, such as cereals, milk, ware honey, and complete weaning
around 18 to 24 months. It is unknown, however, to what exterhen, particularly lower-
class women who would not have had access to literature ¢ododid or did not follow these
recommendations. Additionally, female slaves and lowasscwomen could be used as wet-
nurses (Garnsey, 1989). Contracts for wet-nurses tendedg@ from 6 to 18 months (Fildes,
1986; Lefkowitz and Fant, 2005), but it is unclear what theation of exclusive breastfeeding
was. It would appear that upper-class Roman women in péaticlid not breastfeed their
infants for very long if at all, and that they routinely camtted out the nutritional needs of
their offspring, particularly in the highly urbanized setyi of Imperial Rome (Garnsey, 1989).
Direct evidence of breastfeeding from middle- and lowasslindividuals comes from the
bioarchaeological record. A carbon and nitrogen isotopdysof skeletal remains from Late
Roman Britain (Fuller et al., 2006) indicates that breastieg had completely ceased by 3-4
years and that special weaning foods were introduced by a#sy This study, however, did
not test skeletal remains of individuals under the age of @8tirs. In her carbon and nitrogen
isotope study of individuals from Imperial Portus, Tracypwse (2001) found a significant
difference ind'3C andd'®N in infants under 2 years of age, although her sample wasttttyi
small (n=6). She suggests that weaning occurred in thislpbpn some time between 3
months and 2 years of age. As reported in chapter 6, carbonianden isotope analysis was
undertaken on a subset of the Casal Bertone and Castellaooiparco skeletons in order to
characterize the ancient Roman diet. Only four childrereurige age of 5 were tested. Three
of them showed no sign of trophic increase explicable byingrsut one (T29, a child of
about 30 to 36 months) had a high’N value. Further testing of these populations would be
necessary in order to estimate the duration of breastfgeditong the lower-class individuals

buried at Casal Bertone and Castellaccio Europarco. lk&yi however, that cessation of
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lactation and commencement of weaning varied based on hetimbther’s physiology and
social class. The available historical and biological ewick indicates that, in general, Roman
women nursed their children or nurslings exclusively foo &tmonths, with the introduction
of weaning foods composed of cereal, milk, and wine at soniret pdter that time (Garnsey,
1999). Weaning can be a lengthy process, and it is currentiiear whether observed trophic
increases in'*0 are seen only in exclusively breastfed babies or also isetivio both nursed
and ate solid food.

The data on a possible nursing effect on &0 of teeth formed pre-weaning are spotty
at this time. Although evidence of th2®0 of bone phosphate shows an increase in breast-
fed children in both the Old and New World8#O of enamel phosphate shows a decrease in
breastfed children. Duration of breastfeeding is diffeiarthe Roman Empire than in other
preindustrial societies, with upper- and middle-class wordeciding not to nurse their own
infants. There is no information in the historical recordiower-class women and breastfeed-
ing, other than that they and slaves sometimes contracesdsttlves out as wet-nurses to the
wealthy (Lefkowitz and Fant, 2005). The limited evidenaanifrskeletons from Casal Bertone
and Castellaccio Europarco shows that one child was sti#ling or was being weaned around
2 years of age, but a second child of about 18 months had lé#tedpady been weaned. Finally,
studies by White and colleagues that have shown a tropHereéifce in pre-weaning individ-
uals have all tested the phosphate component of skeletaktisThis study investigaté$O
through carbonate, and it is unknown if a nursing effect waaffect carbonate in the same
way as phosphate. For all of these reasons, no adjustmengsmagle in thef**O ratios of
first molars sampled from Casal Bertone or Castellaccio ffanao. In the future, however, |
plan to examine third molars from a subset of the populatorsfrontium and oxygen, which
should help me understand whether or not breastfeedingtafféhe ratios of isotopes in the

first molars.
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7.5 Multipronged Approach

Because this is an exploratory study of understanding ridgrao Imperial Rome, it was
not known beforehand which, if any, methods of isolating igmants would work. A prelimi-
nary assessment of nonmetric cranial traits was performedder to identify a sample popu-
lation to subject to stable isotope analysis. The resultisisistudy are presented in appendix C
because nonmetric analysis was not found to be a good predidmmigrant status. Oxygen
isotope analysis of individuals at Portus provides a comapar data set for the populations in
this study, but no such research has been done previously sisontium isotopes. In order to
maximize the amount of information gleaned about mobilitg anigration in the Empire, this
study employs chemical isotope analysis of both strontinch@ygen. Many recent studies
in other parts of the world have combined information detifrem oxygen isotope analysis,
which relates to hydrology, with strontium isotope analysvhich relates to geology, because
together these two elements can provide independent soofrdata to confirm an individual’'s
nonlocal origin (Bentley and Knipper, 2005). Statisticadbysis of morphometric properties
of skeletons are less often used today than in the pastuglth@searchers in Britain are at the
forefront of combining multiple techniques to assess aricieobility (Leach et al., 2009).

Each technique, however, was applied to slightly diffeygopulation subsets from Casal
Bertone and Castellaccio Europarco. Cranial nonmetrityaisacan only be performed on
adult crania, so this method cannot characterize the nylbiflisubadults. In ancient Rome,
the age of majority was 12-16, and it is reasonable to asshatesbome of these biological
subadults were culturally adults and moved around the EanpBtrontium isotope analysis
was undertaken on every individual who presented a nomsfzggital first molar. Using this
technique stands to miss individuals who were edentulowghoise teeth could not be found
owing to taphonomic processes. Finally, oxygen isotopé/aizavas undertaken on a stratified
sample of the population subjected to strontium isotopdyaisa The reality of funding pre-
cluded testing every individual for®*O, and those individuals not tested could possibly have

been explicated using this technique. By combining theetlamalytical avenues available,
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however, this multipronged approach contributes a wedltinformation to the phenomena
of migration and mobility in Imperial Rome. Results of thetigpe analyses are presented

separately in chapters 8 and 9, followed by a synthesis ahiblglity data in chapter 10.

201



Chapter 8

Strontium Analysis

This study employs strontium isotope analysis in an atteémigientify immigrants to Rome
and characterize their lives. Strontium was chosen as thepy element by which to assess
mobility for several reasons: 1) strontium analysis yiedgemely precise data; 2) the abil-
ity to isolate an immigrant’s homeland based on strontiugmature; and 3) greater control
over the samples and the data by undertaking the analysislinayshe Isotope Geochemistry
Laboratory at UNC.

The Italian region of Lazio contains four mountain groupsaitanic origin. Its geology
has been well-studied by volcanologists, and the strontagtope ratios of the lava around
Rome are distinct from the other major volcanic areas inrmmnar Italy and from the older
rock that forms the Apennines and the Alps. In spite of thd-meblished geological data from
various regions of Italy, strontium isotope analysis is@iteque that has never before been
applied to questions of mobility in Rome. There are thus nmogarative data on the biological
availability of strontium from samples of human dental eeam

This chapter presents the methods used to gather strorgntope data, from processing
the enamel to extracting the strontium. Results from 10%viddals from Imperial-period
Casal Bertone and Castellaccio Europarco are presented) alith the results from two ar-
chaeological faunal samples. The human ratios are inteigbt®y creation of a model of the

available strontium range in the city and suburbs of Romeéh Btvontium and oxygen isotope



analyses of archaeological populations generally reljhermssumption that people were drink-
ing local water and thus that the strontium isotope sigratdinocal individuals reflects that
of the local water and geology. The model presented in thidyshowever, takes into account
the fact that the city of Rome was supplied by several aqusdudonlocal individuals are
identified as those whose origins are outside of the greaterdRarea. The possible homelands
of nonlocals will be further discussed in chapter 10 follogvpresentation of complementary

oxygen isotope data in chapter 9.
8.1 Methods

The cultural context of immigrants to Rome is unknown, asuast number of graves
uncovered in the last decade do not indicate that peopleithdilized their identities in death
in a material way that would identify them as nonlocals. Beseeof a lack of material culture,
historical evidence, or macroscopic biological varidfijlit was impossible to select a sample
of the population to subject to strontium isotope analysisRome consisted of only about
5-10% immigrants (Noy, 2000), and if slaves were buried sspdy, testing a random sample
of individuals could easily miss all the nonlocals. In ortlemaximize my chances of finding
an immigrant using strontium isotope analysis, | testedhdilviduals from whom | collected
at least one tooth.

One first molar, either maxillary or mandibular, was exteactrom every individual who
possessed at least one of these teeth. Criteria used fasiolgawhich molar to extract included:
a) identification of the M1 that was the easiest to removeautilamaging the alveolar bone;
and b) identification of an M1 that lacked carious lesionsgmeel hypoplasias, and signifi-
cant calculus, per the request of the Soprintendenza Alegiea di Roma. Also per their
request, each tooth was measured in situ using the mesibdsccolingual, and crown height
measurements published$tandardgBuikstra and Ubelaker, 1994, p. 61-3).

First molars were extracted from 79 individuals from CasattBne and 23 individuals

Yinformation on dental pathology can be found in chapter 5.
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Figure 8.1: Demographics of Individuals Subjected to Stuwn Isotope Analysis

from Castellaccio Europarcoand an additional three canines were extracted from indalil
from Castellaccio Europarco. Skeletons ET33 and ET43 ptedean M1 with carious lesions,
and ET37 had a large hypoplasia on the only first molar in thetmorhe canines from those
individuals were selected because: a) crown mineralizdiggins at about 4 months of age,
close to the time the first molar begins to form (Gustafson kkach, 1974); and b) canine
crowns are larger, have more enamel, and are more likely fowrel in the jaw than incisor
crowns, which also begin to form just after birth.

Demographic information on the 105 Imperial period induads subjected to strontium
isotope analysis is presented in figure 8.1. By comparingetlggaphs with the overall de-
mographic graphs from each site (figures 4.5 and 4.8), thdasinlstributions indicate the
negligible effect of sex- and age-related taphonomic @msee on the sample of teeth. An
additional two teeth fronsus scrofdound in the archaeological context of each site were pro-
cessed in order to gain a better understanding of the biaégy of strontium in the region
of Rome. Further discussion of the faunal remains is presentsection 8.3.

The first step in processing each tooth was sectioning it &sy extraction of powdered

enamel. The tooth was secured by means of blue (modelingaldearaffin to a 1.5 cm-thick

2In Phases 1 and 2 from Castellaccio Europarco, only six iddals presented teeth for strontium isotope
analysis. Because of the small sample size and the differenttme period, the results of all analyses on the
earlier individuals at Castellaccio Europarco and a disicunsof the same are presented in appendix B.
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(a) Preparing Tooth to Be Sectioned (b) Tooth Section Under Microscope

Figure 8.2: Sectioning Teeth

acrylic pad (figure 8.2a) in order to cut the tooth along itsioéistal axis using a Buehler
Isomet 1000 precision saw at the Bioarchaeology LaboragNC. The 15.25 cm by 0.5 mm
diamond wafering blade was lubricated with distilled waterd the tooth was cut into three
parts. When the paraffin was removed, each tooth yielded anemdhick midsection slice.
Research has shown that dentine is more porous than enadienis more prone to diage-
nesis and postmortem change, particularly strontium @p{Bkidd et al., 2000). Researchers
interested in studying immigration based on strontiumapetratios therefore concentrate on
testing enamel (Price et al., 2002; Bentley, 2006), whidbnsied at very predictable ages. But
whereas some researchers opt to test any enamel obtaimedftooth (Montgomery et al.,
1999), others suggest that the outermost layer of enamea masmor amount of strontium
uptake that could lead to incorrectly identifying a nonlacaividual as local (Grupe et al.,
1999). In order to obviate this issue, research dentist Be. Boushell at UNC suggested ex-
tracting enamel that would be least likely to have expeedrany extraneous strontium uptake,
namely, the enamel between the external surface of the &motithe dentoenamel junction, the
interface between the dentine and enamel that has a higkipoaintent (Boushell et al., 2007).

Tooth sections, once obtained, were ultrasonically cléameleionized water and secured
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to glass microscope slides using Duco cement, chosen lecthissadhesive is easily re-
movable with acetone. Enamel was extracted from the firstabdptes using a Merchantek
MicroMill (figure 8.3a), a device that allows for precisionarosampling of a specimen, in
Dr. Drew Coleman’s Isotope Geochemistry Laboratory at UNIQuickly became obvious that

microsampling was both unnecessary as well as time-comgunhn order to extract enamel
more efficiently, Dr. Donna Surge allowed me access to a Blasdental drill and Olympus

digital microscope in the Palaeoclimate and Palaeoecdlaggyat UNC. Sectioned teeth were
similarly affixed to glass slides and viewed under the micopg (figure 8.2b) in order to obtain
enamel from between the occlusal surface and the dentoépamton. Between 5-10 mg of

dental enamel was extracted from the remaining teeth usBrgsseler hand-held dental drill
fitted with a 0.3 mm round tungsten carbide bit, weighed on @o8as microbalance, and

stored in 5 mL Savillex vials with deionized water until itudd be processed.

In preparing the enamel sample for chemical analysis, therweas first evaporated by
placing the vials on a laboratory hotplate. Strontium wasaeted from the remaining pow-
dered enamel by dissolving it in 50 of 7 M HNOj3, then evaporating and redissolving it in
500L of 3.5 M HNO;. Sr-Speé&" columns were cleaned and loaded with approximately 50-
1004L of EiChrom SR-B100-S resin, and the enamel sample wasifteged to avoid putting
large chunks of enamel in the columns. The sample was loagpibbtte from the centrifuge
vial and subjected to dropwise and bulk sample rinses witlOkINstrontium was eluted into
a clean Savillex vial with water, 2bL of H;PO, was added, and the water was allowed to
evaporate on a hotplate (figure 8.3b). The sample was rédisbwith 2 ;L of TaCl;. Half of
the strontium was loaded onto a rhenium filament, and188%° Sr isotope ratio was measured
on a fully automated VG Micromass Sector 54 TIMS spectromiateeference to a standard

at the Isotope Geochemistry Laboratory at UNC.

Svalues for®”SrfSr are reported relative to standard NBS-987, which hasusewafl 0.71027G: 0.000014
(20). The internal precision for strontium runs is typicalty0.0012 to 0.0018% (2) standard error based on 100
dynamic cycles of data collection.
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(a) MicroMilling enamel (b) Eluted Sr in Savillex Vials

Figure 8.3: Extracting and Processing Enamel

8.2 Human Results

The measured strontium ratios from human dental enamelrasempted in tables 8.1, 8.2,
and 8.3. In order to visualize the distribution of strontiwatios, a dot histogram of all 105
Imperial samples was constructed (figure 8.4). It is cleamfthe histogram that the values
cluster around 0.7090 and that there is a more or less noristaibdtion of the strontium
ratios. At least six individuals (shown as black dots) appedave strontium signatures that
deviate from the mean. Comparing the results from the CasebBe skeletons with those
from Castellaccio Europarco, as in figure 8.5, yields arr@sting difference.

At Casal Bertone, although the mausoleum slightly postsigite necropolis, a pairwise
comparison of the mean of the two groups is not statisticgtipificant, indicating the two
contexts can be treated as the same population. The averagewsn ratio from the Imperial
era Castellaccio Europarco teeth (0.709289), howeveigigehthan the mean at Casal Bertone
(0.709077), which can be seen in the mirror histogram. Altfiothe difference between the
two means appears small, strontium ratios are measureshety precisely, and differences
in the fourth decimal place are significant (Faure and Pow8Ir2). A two-tailed t test run
on these data confirms that the difference in the means istatally significant (t = 8.57,

p < 0.0001). It is therefore important to treat the individuaiterred at these two sites as
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Burial Age Sex 'Srf°SrRatio|| Burial Age Sex ®*7Srf’Sr Ratio

T29 0-5 I 0.709327 | T53 21-30 PM 0.708500
T60B  0-5 I 0.708843 | T50 21-30 PF 0.709312
T71 0-5 I 0.709039 | T42 31-40 F 0.709280
T9 0-5 I 0.709302 || T10 31-40 M 0.709566
T20 6-10 I 0.709089 | T34 31-40 M 0.709071
T55 6-10 I 0.708933 | T47 31-40 M 0.708652
T62 6-10 I 0.709155 || T73 31-40 M 0.709134
T70 6-10 I 0.708984 | T15 31-40 PM 0.713980
T8 6-10 I 0.710647 | T18 31-40 PM 0.709485
T11 11-15 | 0.709325 | T37 31-40 PM 0.709183
T32 11-15 | 0.709178 | T76 31-40 PM 0.709415
T36 11-15 | 0.707191 | T77 31-40 PM 0.709142
T45 11-15 | 0.709237 | T49 31-40 U 0.709153
T56 11-15 | 0.709505 | T82A 41-50 F 0.708617
T72 11-15 | 0.707914 || T30 41-50 PF 0.709219
T75 11-15 | 0.708737 | T38 41-50 PF 0.709323
T80 11-15 | 0.709064 | T31 41-50 M 0.709181
T84 11-15 | 0.708898 | T33 41-50 M 0.708155
T12 16-20 M 0.709546 | T69A 41-50 M 0.710089
T21 16-20 M 0.708811 | T7 41-50 M 0.709404
T83B 16-20 M 0.708780 | T19 41-50 M 0.709153
T35 16-20 PM 0.709462 || T67 41-50 PM 0.708354
T39 16-20 PF 0.708206 || T28 51-60 F 0.708529
T41 16-20 PF 0.709172 || T24 51-60 M 0.707351
T14 21-30 M 0.708986 | T13 61-70 PM 0.708490
T22 21-30 M 0.709070 | T48 Adult PF 0.709508
T23 21-30 M 0.708424 | T26 Adult PM 0.709175
T81 21-30 M 0.708849 | Te66 Adult PM 0.708730

T59 Adult M 0.708586

Table 8.1: Casal Bertorf€Srf®Sr Ratios - Necropolis
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Burial Age Sex 'Srf°SrRatio|| Burial Age Sex ®*Srf°Sr Ratio

F9B 0-5 I 0.709769 | FSA 21-30 M 0.709945
F10B 6-10 I 0.709276 | FOC  21-30 PF 0.709212
F10C 6-10 I 0.708251 || F11A 3140 F 0.709711
F13A 6-10 I 0.709425 || F11B 31-40 M 0.709008
F10D 11-15 | 0.709885 || F12A 3140 M 0.709296
F11C 11-15 | 0.709576 || F1IB 3140 M 0.709038
F4A  11-15 | 0.709845 || F13C 41-50 F 0.709455
F1A 16-20 F 0.709299 || F3C 4150 M 0.708346
F7B 16-20 M 0.709457 || F1IC 51-60 F 0.709623
F1ID  16-20 PM 0.708787 ||F4B  51-60 F 0.709821
F4AC  16-20 PM 0.709189 | F6E 51-60 F 0.708944

Table 8.2: Casal BertoriéSrf%Sr Ratios - Mausoleum

distinct Imperial populations. Further, after removalloé immigrants from these populations
as noted below (section 8.6), the average strontium isattpeis still significantly different.

Casal Bertone (n=74) presents an average strontium iscatipeof 0.709128 with a standard
deviation of 0.00043, and Castellaccio Europarco (n=24jtia of 0.709198 with a standard
deviation of 0.00051. A two-tailed t test indicates the eliénce in the means is statistically

significant at they < 0.001 level,

8.3 Faunal Results

The results of the strontium analysis of two teeth from agcihagically recovered pigs are
presented in table 8.4. It is impossible to draw concluskmased on one data point from each
site; however, the pig tooth from Castellaccio Europarc®dhigher strontium ratio than the
one from Casal Bertone, which is not unexpected given thesstally significant differences

in the mean human values mentioned above.
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Burial Age Sex ®SrfSrRatio| Burial Age Sex ®"Srf°Sr Ratio
ET16 0-5 I 0.709661 ||ET69 21-30 M 0.708624
ET31 0-5 | 0.709848 ET52 21-30 PM 0.708716
ET17 6-10 I 0.708827 || ET43 31-40 M 0.708126
ET63 6-10 I 0.709349 || ET20 31-40 M 0.709631
I
I

ET36 6-10 0.709565 || ET72 31-40 M 0.709996
ET37 6-10 0.709570 || ET103 31-40 PM 0.709105
ET76 11-15 PM 0.710471 | ET51 31-40 PM 0.709335
ET67 11-15 | 0.709173 | ET68 41-50 F 0.708754
ET45 16-20 M 0.709397 || ETS8 41-50 F 0.709162
ET44 16-20 M 0.710150 | ET40 41-50 F 0.709175
ET27 16-20 PM 0.709543 || ET38 41-50 M 0.711934
ET18 21-30 F 0.708618 || ET33 41-50 PM 0.708783
ET22B 21-30 M 0.708399 | ET42 Adult PM 0.709245

Table 8.3: Castellaccio Europar€@®rFf®Sr Ratios

Site Burial  Species Tooth 37SrP%Srvalue
Castellaccio Europarco ET20Sus scrofa Max. P4 0.710313
Casal Bertone US31 Sus scrofa Max. M1 0.709326

Table 8.4: Faunal’Srf%Sr Ratios

8.4 Bioavailability of Strontium in Rome

Because this is the first strontium isotope study of humaranesnwithin the region of
Lazio and, as of this writing, within the Italian peninsutas necessary to define the strontium
signature of the local area of Rome in order to identify noalandividuals. Comparing the
results from dental enamel directly with geological stramtsignatures is not entirely straight-
forward; rather, it is important to compare strontium sigimes from the human remains with
the range of biologically available strontium at the bulaaiation.

The majority of the strontium in the human body comes fromdie¢ of the individual, as
groundwater incorporates strontium from weathering rauk ia ingested by humans directly
as water and indirectly from the plants and animals that mscansume (Price et al., 2002).
It is assumed that the strontium ratio present in the humanriolar therefore reflects the

strontium of the geological region in which that person wasnb The problems with this
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Figure 8.4: Dot Histogram of Ai"Srf%Sr Ratios

assumption include the fact that it is difficult to isolateaage of strontium ratios given an area
with complex geology and the fact that the range of strontuatnies in humans reflects the
biological availability of strontium - from bedrock, soater, and diet - rather than directly
mapping to a geological range (Price et al., 2002, p. 119)usTidentifying a local range
necessitates knowledge of both the geology of the regionttamdvailability of strontium to
plants, animals, and humans.

There are two main methods for creating a local strontiureloeesto reflect the biological
availability of strontium. First, Bentley and colleagu@94, p. 366) suggest defining a local
enamel value as within two standard deviations of the aeehagnan bone value. Because
bone reflects the last few years of an individual’s life, gmailg bone should produce a range
of strontium values that indicate the strontium availaypiln the area in which the individuals
were buried. This approach is problematic because of tleetsfof diagenesis on human bone,
which can be permeated by strontium in modern groundwatkiskew the results, leaving a

poor approximation of the past local range. At some arcloagodl sites, however, it may be
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Figure 8.5: Mirror Histogram of Imperidl Srf°Sr Ratios

valid to consider the contamination from current groundr&b be reflective of conditions of
the past (Grupe et al., 1997, 1999). Although bone sampes fiemora were available for this
study, | did not subject any to strontium isotope analystahbee of the unresolved issues with
diagenesis. Many of the remains from Casal Bertone and étleofemains from Castellaccio
Europarco were found in flooded areas, and there was no walettify the source of the
standing water nor the length of time the burials had beem@doln addition, the availability
of water and the sources of that water are different in mo&emme than they were in ancient
Rome, although some of the same aqueduct channels remae ioday.

A second way to define the local area is to measure the stronsiatope signatures of
the animal species that lived there in the past (Price eR@02; Bentley et al., 2004). Us-

ing zooarchaeological material obviates some of the ispuesented above with diagenesis,
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modern contamination, and environmental variabilitycBm&and colleagues (2002) suggest an-
alyzing the dental enamel from species that have small hamges. These researchers (ibid.,
p. 125) have obtained good results using species such asguioea pigs, rabbits, squirrels,
and snails, herbivores that eat a range of plant material fieeir home area. As diet is the
proximate source of strontium in humans, testing an omoiw®species with moderate home
range can also provide a picture of the strontium availablenans (ibid., p. 130). Two teeth
from Sus scrofavere the only faunal remains available for analysis in thislg

Combining published information on the geology of Lazio amdarchaeological faunal
remains provides a starting point for understanding thansitrm signatures of the human pop-
ulations at Castellaccio Europarco and Casal Bertone. ffioenation utilized to understand
the available strontium in the area of Rome thus includemntrm ratios from: studies of
the local geology; two archaeological faunal samples fromsal Bertone and Castellaccio

Europarco; and samples of prehistoric elephants, deehanses.

8.4.1 Geology of Lazio

The geology of the region of Rome has long fascinated volcagigts, as the city is posi-
tioned along the Tiber River between two dormant volcanmplexes, the Colli Albani (Alban
Hills) and the Monti Sabatini (Sabatini Mountains) (figuré)8 Rome is therefore surrounded
by Middle to Upper Pleistocene volcanic rock as well as sofiee @uaternary sedimentary
units along the Tiber, which extend westward to the Tibet®ahd end at the Tyrrhenian sea
near Ostia. To the east of Rome are the Apennine Mountaimiftsosometimes called the
Preapennines), which are composed of Meso-Cenozoic seredsand limestones (Pellegrini
et al., 2008; Vinciguerra et al., 2009).

A variety of strontium ratios for the geology of Lazio haveebhgublished (figure 8.7). The
volcanic area of the Colli Albani has been sampled by Fedeai@ colleagues (1994). Their
analysis of nine samples of ejecta gives a strontium ran§e/@00 to 0.7103 for the volcanic

material in the southeastern portion of the Rorsahurbium The average strontium ratio of

213



Upper Pleistocene
Travertine

Middle Pleistocene
Volcanics
Plio-Quaternary
Sedimentary Units

Meso-Cenozoic
Carbonates

Tiber River

il

Figure 8.6: Simplified Geological Map of Rome
Modified from Vinciguerra et al. 2009.

the northwestern volcanic complex, Monti Sabatini, is 07and the average at Monti Vulsini,
northwest of Sabatini, is 0.7104 according to Barbieri asitbagues (1979). The volcanic rock
in central Lazio, then, has a range from 0.7090 to 0.7107l, wigtin the expected range of
young volcanic material (Faure and Powell, 1972). Althotlggre are some outcroppings of
travertine near Rome and Tivdlthe abundant limestone in the Apennine foothills of the Nlont
Simbruini dominates the geology of numerous freshwatengpr which have strontium ratios
of 0.7079 to 0.7080 (Barbieri and Sappa, 1997). In additibe,strontium ratio of seawater
and rainwater, 0.7092 (Bentley, 2006, p. 146), likely cintied to the®” Srf6Sr ratios of both

humans and animals.

4Strontium ratios of travertine are lower than lavas, witblighed ratios of 0.7086 and 0.7079 at Rome and
Tivoli, respectively (Minissale et al., 2002).
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8.4.2 Strontium Analysis of Faunal Material

Two studies have reported strontium ratios from faunal nedtén the area of Rome.
Palombo and colleagues (2005) studied both oxygen andtisinomsotopes in the teeth of
Middle Pleistocen&lephas antiguusOne sample population came from Casal de’ Pazzi, in
the eastern portion of the Romanburbium and the other from La Polledrara di Cecanibbio,
near the base of the Sabatini volcanic area. The Casal def &aphants produced an average
strontium ratio of 0.7100 (n=19), and the La Polledrara ledeys an average ratio of 0.7099
(n=20). The authors concluded that the elephants wereylikehl to the area based on the
strontium ratios present in the Colli Albani (Federico et 4B94). Recent work by Pelle-

grini and colleagues (2008) involved microsampling of UpPalaeolithicCervus elaphuand
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Equus hydruntinuseeth from a cave in a travertine deposit between Rome arali.TiVhe
mean of these strontium ratios is 0.7087. Variations withenlayers of enamel sampled indi-
cate the animals were migratory but that they ranged overra marrow area than expected or
in an area with relatively homogeneous strontium ratios.

The results of my analysis of dental enamel fr8oms scrofavere presented in section 8.3.
The pig from Casal Bertone has a lower strontium ratio th&nathe from Castellaccio Eu-
roparco, but the range they produce, 0.7093 to 0.7103, sdonadle for animals that lived on
young volcanic rocks. With only two samples available, istigtistically invalid to produce a
two standard deviation range with which to compare the huraarains. In addition, there is a
possibility that the pigs were imported or were fed impoftextls, as grain and other foodstuffs
were transported to Rome with great frequency during theieen{arnsey, 1988). Finally,
although pigs are omnivores, they were not necessarilingdtie majority of their water from
the same place that humans were, as they were more likelywatazed from local sources.

Because of the small sample of faunal remains from the stitey, £onstructing a local
range based on two teeth is spurious at best. Faunal dat@Plestocene elephants and Palae-
olithic horses and deer also do not accurately reflect thergaurces available to Romans
during the Empire and cannot contribute to defining a locagjeaof biologically available

strontium.

8.5 Strontium Mixing Models

This strontium isotope study in ancient Rome is unlike mh#id strontium studies of other
archaeological sites. A typical sedentary agriculturgbyation in the past would have in-
gested strontium from two main sources: rainwater and tiodbogg on which the population
farmed their food (Montgomery et al., 2007). Rome, howeigegknown for its innovative in-
frastructure of aqueducts that carried fresh water frommcgsudozens of kilometers away. The

available strontium in the city of Rome, | hypothesized, Wainus have been influenced by
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the geology of the water sources of the aqueducts. As candpeisehe reported strontium
ratios in section 8.2, there is variation within the popiglathat cannot be accounted for based
solely on nonlocal individuals.

The disparate sources of water available to the city of Raggeire constructing mixing
models to approximate the bioavailability of strontium. olwmethods have been most often
used in the literature: 1) predicting the strontium ratioaofeservoir based on the relative
contribution of individual inputs (Capo et al., 1998; Beyt| 2006); and 2) identifying the two
geological end-members that affect strontium isotop@sat a population by plotting those
strontium ratios against the inverse of the measured stirantoncentration (Montgomery
et al., 2007). These two mixing models support the hypositesit individuals who had access
to aqueduct water could obtain a lower strontium isotopie than those who had little to no

access to it.

8.5.1 Predicted Strontium Isotope Range of Roman City Water

Figure 8.8 shows the sources and paths of the aqueductsutyaitesl the city of Rome
with water. By the time of the burials at Casal Bertone andt€llascio Europarco, the city
was served by nine aqueducts that carried a total of aboutlllin gallons of water per day
based on the volume data by Frontinus, the water commigsadribe aqueducts in the first
century AD (Taylor, 2000). Frontinus gives the capacity afle aqueduct, and this has been
converted to modern measurements in table’8.5.

There were three main sources of the water that flowed intoeRdihthe Aniene River
and springs in the Monti Simbruini; 2) springs in the Collibahi; and 3) the lake area of
Monti Sabatini (Aicher, 1995). Further parsing Frontindsita, water from the aqueducts

Tepula and Alsietina was considered substandard and niafplppthe former was tepid and

SDisagreement exists as to the actual volume of water thaetiamto Rome, as this calculation rests on the
Roman measurement unit gliinaria, which is undefined in ancient texts. What matters for theimgixnodel,
however, is the relative percentage of water carried to Rfsoma the various aqueducts, and these figures are
generally agreed upon. See Taylor 2000 for further disonssi volume measurement.
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Figure 8.8: Map of Aqueducts of Rome
From Aicher 1995, Map 2.

the latter supposedly served only to fill AugustagumachigTaylor, 2000). The authorized
delivery of over 100 million gallons per day of potable waters meted out within the city to
both private consumers and to public works (fountains, ydthsins, etc.) and was available
to everyone: women as well as men, slaves as well as freem#ti¢Aicher, 1995). Some
water was also piped into trseiburbiunto supply baths, fountains, and industries. Frontinus’
statistics, however, only hold for government-regulatester usage. Taylor (2000, p. 39)
suggests that unauthorized delivery in the countrysideoutih such methods as tapping the
agueduct along its route - included up to another 89 milliathogs of water per day.
Individuals who lived in or frequented the city of Rome thaslfaccess to water that came
from two distinctly different geological sources. In ordermodel the strontium isotope sig-
nature of the mixture of potable water flowing into Rome, ihecessary to use a standard

two-component mixing equation (Faure, 1986, p. 229):
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Aqueduct Date Capacity (gal/day) Potable Water

Marcia 144-140 BC 14,655,702
Claudia/A. Novus 52 AD 41,519,558
Anio Vetus 273 BC 17,597,834
Simbruini Mts. 73,773,094 68.8%
Virgo 19 BC 21,169,818
Julia 33BC 6,374,618
Tepula 126 BC [3,762,208]
Appia 312 BC 5,951,898
Colli Albani 33,496,334 31.2%
Alsietina 2BC [3,314,125]
Traiana 109 AD Unknown
Monti Sabatini Unknown

Total Water Volume 107,269,428

Table 8.5: Authorized Water Delivery Volume of Imperial Agflucts
Figures in brackets are non-potable water. Data are cawédm Taylor (2000, p. 44), Table 1.
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in which £ is the strontium isotope ratio of the end member (that isatheeduct source)
is the fraction of the mixture that comes from the first end ez is defined ad — fg;,
and[Sr] is the strontium concentration in ppm.

In the Monti Simbruini, Sappa and Barbieri (1997) found sal/eprings that originate in
a deep aquifer near the Simbrivio River and feed into the AaiRiver. These springs are
therefore comparable in geographical location and watgroto those in antiquity that fed
the eastern aqueducts around Subiaco. The strontium doatien of these springs ranges
from 0.03 to 0.05 ppm (Barbieri and Sappa, 1997). In the @dbiani, a multi-year study of
the composition of water in the Lago Albano by Ellwood andeajues (2009) revealed the
strontium concentration to range from 0.5 to 0.8 ppm.

Given the ranges of strontium isotope ratios and conceomisit as well as the fraction

of water coming from each source presented above, the twgaopent mixture of water in
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Imperial-era Rome is predicted to have a strontium isotapge between 0.7089 and 0.7100.
This range, it should be reiterated, represents the overature of water from the two major
sources that the Roman aqueducts tapped. In the southestermeand northersuburbiunmof
Rome, on the other hand, water was primarily drawn from Iepaihgs. People living in these
parts of the greater Rome area would be expected to haveistroisotope ratios in the range
of values for the Colli Albani: 0.7090 to 0.7103.

Water distribution in both Rome and tkaburbiumwas complicated, however. Individual
castellain Rome were distribution tanks or cisterns that were ugdal by the water of one
agueduct (Taylor, 2000). When thfevalues in the mixing equation above are changed to
reflect a different proportion of water, the range of stromtiisotope ratios can change. Most
notably, as the proportion of water from the low-strontiurom Simbruini reaches 100%, the
lower limit of the modeled strontium isotope range of Romerdases. For example, a child
who lived a relatively stationary existence in Rome nearGhstellum Aqua Claudigbuilt in
52 AD just inside the Porta Maggiore to hold water from the A@laudia (Aicher, 1995), had
the opportunity to obtain a first molar strontium isotopeueahs low as 0.7079. In other areas
of Rome, multiplecastellacould be found in the same location. On the Quirinal Hill,edar
castellawere found near the Porta Viminale dating to the first cenBEy and each is thought
to have held water from a different source: the Aquae Mail@aula, and Julia (Ashby, 1935).
In this example, a child who lived on the Quirinal could hattained his water only from the
low-strontium Marcia, only from the high-strontium Julia Tepula, or from a combination of
the waters. His strontium isotope ratio could fall anywheithin the range of .7079 to .7103.

Aqueduct water was distributed to tBaburbium and aqueducts were also tapped along
their paths to Rome. Itis likely that some individuals ligim the eastern part of treeiburbium
had access to the low-strontium water of the Monti SimbruiBiven the mixing equation
above, an individual would have to drink at least 70% of hisewérom the Monti Simbruini
to have a strontium isotope ratio lower than the geology efGolli Albani. If he drank any

less than this from the lower strontium Monti Simbruini watas ratio would be dominated
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by the higher strontium of water in the Colli Albani and thadistinguishable from someone
who drank only Colli Albani water.

Finally, it is possible that individuals whose strontiuntioa indicate consumption of low-
strontium water were immigrants. People who were born aisedan the Apennine foothills
would have had direct access to the water that Rome importédraght therefore be con-
sidered short-distance migrants or mobile individualth&people with low strontium ratios
might be from different geographical areas entirely, sugkha volcanic area around Naples.
This latter point will be further addressed in chapter 10ofwing investigation of the oxygen
isotope range of Rome.

Based on both the predicted and known ranges of the two majocaes of Roman water,
the local range of strontium isotope ratios can be conseemimodeled as 0.7079 to 0.7103.
Individuals with values either lower or higher than thisgarnherefore represent immigrants to

Rome.

8.5.2 Two End-Member Strontium Mixing Model

A small sample (n=17) of the populations from Casal Bertame @astellaccio Europarco
was analyzed for the concentration of lead and strontiumeimtad enamel in support of a
project on migration in Roman Britain led by Dr. Janet Montgy at the University of Brad-
ford (Montgomery et al., 2016).Seven individuals from Castellaccio Europarco were tested
and from Casal Bertone, three individuals from the mausoleantext and seven from the

necropolis were tested.

5Anthropogenic lead was widely available in the Roman waatet] people ingested it voluntarily as a season-
ing and involuntarily as a byproduct of industry. Differihingestion, however, depends on geographical area,
status, dietary practices, occupation, and other facfidne. combination of lead isotope and concentration data,
therefore, can help isolate individuals with anomaloud leaels in a region with known lead values from human
remains. The lead and strontium isotope ratios from a fetmafial from Spitalfields in London strongly suggest
that she immigrated to Britain from Rome. This result repres the first isotopic evidence of a Roman emigrant
in the Empire. In addition to the concentration data, leatbises were measured from three individuals (ET93,
ET31, and F11A). For results from this study, see Montgoreea}. (2010). Publication of the lead concentration
and isotope data from Casal Bertone and Castellaccio Etwcopéll be forthcoming, including one additional
sample from the Republican period of Castellaccio Euraparc
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Skeleton Age Sex Srppm
ET27 16-20 PM 250

ET31 0-5 I 214
ET42 Adult PM 162
ET58 41-50 F 260
ET67 11-15 | 118
ET69 21-30 M 194

ET72 31-40 M ar7

Table 8.6: Strontium Concentration - Castellaccio Europ&amples

Skeleton Age Sex Srppm

F11A 31-40 F 340
F12A 31-40 M 57
F1A 16-20 F 156
T18 31-40 PM 254
T23 21-30 M 208
T30 41-50 PF 107
T32 11-15 | 225
T33 41-50 M 131
T36 11-15 | 111
T70 6-10 | 107

Table 8.7: Strontium Concentration - Casal Bertone Samples

The two end-member mixing equation cited in section 8.5dvalilemonstrates that, when
two geological or hydrological sources with different siiam isotope ratios and concentra-
tions are combined, substituting different valuesfofields a hyperbolic curve of predicted
strontium isotope values for the resulting mixture. Stiumtisotope ratios from human dental
enamel can also fall along a hyperbolic curve when plotteadre the strontium concentra-
tion of the enamel if a population was obtaining dietarystitom from two distinct geological
areas (Beard and Johnson, 2000; Bentley, 2006). Some chsesrhowever, have suggested
plotting the enamel strontium ratios against the invers®fenamel strontium concentration
(1/Sr). In this type of graph, enamel samples that fall irraight line suggest that two primary

geological end-members contributed to the array of stnomtsotope ratios seen. Montgomery
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and colleagues (2007, Fig. 2), for example, were able toraggpéwvo archaeological popula-
tions that appeared to be a disorganized cloud of data betdaeisamples from the earlier time
period demonstrated a direct linear relationship betweengeological end-members.
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Figure 8.9: Strontium Mixing Lines from Roman Enamel Saraple
Line A, mixing line for water from local geology; = -0.72.
Line B, mixing line for nonlocal water,? = -0.85.
F12A and T36 are anomalous individuals.

The strontium concentration data from the 17 Imperial pesamples from Casal Bertone
and Castellaccio Europarco are plotted in figure 8.9. Inldigls F12A and T36 are anomalous
and will be discussed further in section 8.6.1. Two mixinges can be fitted to this dataset.
Line A is the best fit line for the cluster of individuals witigher strontium ratios; the Pearson
correlation coefficient¢ = —0.72) indicates a moderate correlation. The end-members of line
A therefore encompass geology comparable to measuredistroratios in the Colli Albani
and/or seawater.

Line B is the best fit line for the cluster of individuals withwer strontium ratios; the Pear-

son correlation coefficientf = —0.85) indicates a moderate correlation. The end-members of
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line B are lower than line A and are comparable to measuredtstim ratios in the Monti Sim-
bruini on the low end and either seawater or water from thdéi @tidani on the high end. The
data points from line B suggest that these individuals eithglived in the greater Rome area
and consumed more than 70% of their water via aqueduct frentotlier-strontium springs
in the Monti Simbruini; or b) lived somewhere other than Rontesre the strontium isotope
range was similarly low. Only three data points fall alongelB; additional measurements of
strontium concentration in samples with low isotope ratiosild be beneficial. Nevertheless,
the linear relationships seen in figure 8.9 suggest thatgbssible to distinguish individuals
who consumed a high proportion of water from the easterndgis from individuals who
consumed local water or a mixture of local and eastern aquedhter.

The correlation coefficients of these lines indicate thiéhoaigh the two end-members
contribute greatly to the strontium concentration of theengoeople ingested more than two
sources of water in both the city asdburbiumof Rome. One possible candidate for an ad-
ditional source of strontium is imported food or drink. Ageain chapter 6, Rome imported
a large quantity of grain from northern Africa and distriditsome of it through a grain dole
to the lower classes (Garnsey, 1988). The water contenedhiported food could have con-
tributed an additional strontium source to the dental enaifrany individuals who were eating
mostly non-local food. Without further evidence of the amiof imported food consumed or
its strontium isotope ratio, it is impossible at this timertolude this variable in a model of the

biological availability of strontium in Rome.

8.5.3 Strontium Ratio of Rome and theSuburbium

Instituting criteria to separate populations into locald aonlocals using strontium ratios is
almost never straightforward, as itis unlikely a populasaatios will conform to a statistically
normal distribution. A number of factors, including culilpractices, personal choice, and
availability of food and water resources, affect an indisdts strontium ratio (Montgomery

etal., 2007, p. 1503).
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For the purposes of this study, three different data sete employed in order to approx-
imate the range of biologically available strontium is@spn Rome and theuburbium The
mixing equation took as inputs the range of strontium isesomeasured at the sources of the
ancient aqueducts along with the relative percentage oémaitained from these sources.
In this model, the strontium isotope range of Imperial Romeé #hesuburbiumis 0.7089 to
0.7100. The two end-member mixing model took as inputs bduthstrontium isotope ratio
and the strontium concentration of dental enamel, dataatenhot normally linearly related
(Montgomery et al., 2007, p. 1504). The finding of two lineglationships within the data set
indicates that, although there is variation among the iddiais, the majority of their dietary
strontium was coming from two geological end-members)yikainwater and the geology of
their drinking water sources: either the high-strontiunfli@dbani or the low-strontium Monti
Simbruini. Measuring the strontium content of additiorainples would be useful in further
understanding the isotope range of Rome.

At this point, itis impossible to rule out certain scenaiowhich an individual born locally
could have obtained a strontium ratio either higher or Iatvan the modeled range of 0.7089 to
0.7100. Someone living in Rome who drank only water from the&tern aqueducts could have
obtained a strontium ratio lower than 0.7089, and somewmglin the Colli Albani could have
obtained a strontium ratio higher than 0.7100. A very coregere strontium isotope range for
Rome, therefore, necessarily encompasses the geologg ofdfor water sources in the area:

0.7079 to 0.71083.

8.6 Discussion

Figure 8.10 is a plot of the strontium ratios from all Impépariod individuals. Indicated
on this chart and others that follow are the two major strontisotope ranges that represent
the local Roman range. The strontium isotope range of Rordéhasuburbiumbased on the

mixing models is indicated by the dotted red rectangle. Dl range of strontium isotope
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ratios that could be obtained by locals drinking most ofteiter (over 70%) from sources
in the Monti Simbruini is indicated by the dashed yellow eegjle. The value of seawater is

shown as a solid blue line.
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Figure 8.10: Strontium Ratios of All Imperial Period Indivals
Dotted red rectangle represents the likely local Romanaadashed yellow rectangle
represents the lower range of isotope ratios that could teraa by locals
drinking water from the Monti Simbruini; solid blue line negsents seawater.

It is clear that there is a huge spread of strontium ratioso#tt Bites. There are, how-
ever, some obvious outliers to the data, two from Castatid€aroparco and five from Casal
Bertone. These strontium ratios represent individuals waie not born within the vicinity of

Rome and thus are nonlocals or immigrants to the Imperiataiap

"The strontium isotope ratio of T72, 0.707914, falls on tivedplimit of the possible strontium range of Rome.
The next highest individual sampled from that site presargisontium isotope ratio of 0.708155, a difference of
over 0.0002. In terms of strontium isotope ratios, this iggaificant difference, so | cautiously interpret T72 as
an immigrant rather than as a local.
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8.6.1 Immigrants

Demographic information on the individuals identified aslecal based on strontium iso-
tope ratios is presented in table 8.8. All nonlocal aduksraost likely male based on skeletal
indicators, and two (ET38 and T24) are males older than tleeage age-at-death for these
populations. The teeth tested, however, provide inforomagibout the first three years of life,
so there is possibly no correlation between nonlocal statddongevity. The three remaining
nonlocals are subadults whose sex could not be determinduobygical remains nor pre-
dicted archaeologically because of the lack of grave gotdghe population at Castellaccio
Europarco, two individuals were nonlocal out of a total ofi@@ividuals tested, or 7.7% of
the population. Interestingly, at Casal Bertone, nonkeglpear only in the necropolis con-
text. The nonlocal population at Casal Bertone as a wholeiatsdo 6.3% based on strontium
signatures.

Site Sample Age Sex Srvalue

Castellaccio ET76 11-15 PM 0.710471
Castellaccio ET38 4150 M 0.711934
Casal Bertone T36 11-15 | 0.707191
Casal Bertone T24 51-60 M 0.707351
Casal Bertone T72 11-15 I 0.707914
Casal Bertone T8 6-10 I 0.710647
Casal Bertone T15 31-40 PM 0.713980

Table 8.8: Individuals Not Local to Imperial Rome

In order to figure out where the nonlocal individuals origeth it is necessary to investigate
the geology of Italy and attempt to define the lithologieshe farea from which a person
obtained his or her food and water. The anomalous strontatiosrin this study are both
lower and higher than the local area of Rome. The higher iddals, ET38 and T15, likely
lived in an area with older Paleozoic rock such as granitas fpe of rock is sparse in the
Italian peninsula, with the only large outcroppings in @aia (the toe of the Italian boot) and
just across the Strait of Messina in the northeastern pa@itailfy (Servizio Geologico d’ltalia,

2004). Older granitic rocks, however, are also found in th@sAibid.), where granites range
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from 0.712 to 0.714 in Germany and Switzerland (Faure andefpth072), as well as in a
large outcropping on the eastern coast of Corsica. Basettamtism signatures, all of these
locations are possible homelands for ET38 and T15. Thedaaymount of granitic rock in
Italy is in the Alps, and strontium isotope ratios generalgcrease north-to-south (Turi and
Taylor, 1976). Additionally, the data provided by oxygeotpe analysis in chapter 9 suggest
that both individuals originated in areas north of Rome.

The two individuals whose strontium ratios are slightlyliegthan the local Roman signa-
ture, ET76 and T8, likely lived in an area with a geologicgisiture higher than the volcanic
area of Rome and thus somewhere to the north. Publishedistrosotope data of the volcanic
areas north of Rome (Monte Vico, Monti Sabatini, and the dnsnagmatic area) all have ra-
tios slightly higher than Rome, around 0.710 to 0.712 (Tad &aylor, 1976; Avanzinelli et al.,
2008). Both ET76 and T8 have statistically higher strontratios than the individuals identi-
fied as local, but are probably short-distance migrants to&o

Individuals with a lower strontium ratio than Rome includ@6T T72, and T24. A lower
strontium ratio means that an individual was obtaining wt@m young geology, probably
volcanic basalts. Other volcanic areas in and around Itelyide Mount Vesuvius near Naples,
Monte Vulture in south-central Italy, Mount Etna in Sicignd the western coast of Corsica.
Measured strontium isotope ratios from most of these cimtégemonstrate lower numbers
than the Roman volcanic region. Monte Vulture, the onlynaliétalian volcanic area, measures
around 0.705-0.706 (Barbieri and Morotti, 2003; Avanziretlal., 2008). Mount Vesuvius is
around 0.707-0.708 (Turi and Taylor, 1976; Avanzinellilet2008), while the nearby volcanic
island of Ischia is 0.706-0.707 (Barberi et al., 1969; Auaalti et al., 2008). Water measured
from springs in Mount Etna basalts are significantly lowerthhe peninsular basalts, around
0.703-0.704 (Pennisi et al., 2000). The people with lowssrdium ratios than Rome are
thus, conservatively, from another area of Italy with yogeglogy, possibly the Naples area.
Individual T36 has anomalous strontium and oxygen ratiaswiti be examined further in

chapter 10.
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Additionally, the strontium concentration data indicatatttwo individuals, F12A and
ET72, both 31-40-year-old males, were different than tls¢ o the population. The stron-
tium concentration of 57 ppm for F12A is markedly lower th&ae bther measurements at
Casal Bertone, which range from 107 to 340 (table 8.7), aisdridividual does not plot with
the others in figure 8.9. This man’s strontium isotope rai@09296, is within the range of
the volcanic area of the Colli Albani, but it is also a reasgaastrontium ratio for someone
who lived near the sea. The concentration of 477 ppm for E§#8arkedly higher than the
range at Castellaccio Europarco of 118-260 ppm (table §lais individual’s®”Srf%Sr ratio,
0.709996, is also within the range of the Colli Albani. Aseubin chapter 7, the strontium
concentration in human tissue is related to both the geadbgyperson’s area of origin and the
trophic position of a person’s diet. Individual F12A coulaMe eaten a diet with large amounts
of meat and dairy, or one high in calcium-poor staples, wderiadividual ET72 could have
consumed a diet with a lot of nuts, seeds, and legumes (Morggpoet al., 2003). Neither
man’s diet appeared to be anomalous based on carbon orenitisgtope analysis, however
(see chapter 6). Alternatively, these individuals couldehariginated in an area with similar
geology to Rome. Volcanic rocks with lotSrF¢Sr ratios have high strontium concentrations,
whereas volcanic rocks with highSrf°Sr ratios have low strontium concentrations (Faure
and Powell, 1972, p. 28-9). The fact that these individu#ist molars have anomalous stron-
tium concentrations indicates they ate a different dieteviiem another geographical area, or
both. Unfortunately, there is no comparative data set ohsium concentrations for humans
from the Italian peninsula. It is most likely that these induals were consuming food from
a slightly different geological area than Rome, probablyearhy volcanic area, such as the
Monti Sabatini complex or the southern Tuscan magmaticipoev These individuals were
thus likely short-distance migrants. More work is needemlyéver, to characterize strontium
concentrations in human remains from Rome, so these indilgcare not included in further
discussion of immigrants.

Using the criteria established to approximate the stromtange of Imperial Rome and the
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suburbiumseven out of 105 individuals were identified as nonlocalisi16.7% of the popula-
tion at these two sites came to Imperial Rome from elsewh&ngointing immigrants’ home-
lands using only strontium is difficult, as the geology of #nea does not necessarily translate
directly to the strontium signature of a human tooth. Gives¢onservative assumption that
most immigrants to Rome came from the Italian peninsulas Itkely that two individuals
originated in southern Tuscany (ET76 and T8), two came fraheethe Naples area or the
Monte Vulture area in the south-central part of the penm$§l24 and T72), and two journeyed
to Rome from Liguria or Tuscany (ET38 and T15). Although thergtium signature of T36
places this subadult’s birth in an area with young volcarasdits, the oxygen isotope ratio
indicates an origin other than the Italian peninsula. Alimigrants will be contextualized in

terms of diet, disease, burial style, and demographicsapten 11.

8.6.2 Variation in 37Sr/%Sr Ratios
Site Differences

As noted in section 8.2, the average strontium ratio fromdhbal Castellaccio Europarco
individuals was shown to be significantly higher than the ma&tzCasal Bertone. These results
suggest that the individuals from periurban Casal Bert@ugneater access to lower-strontium
water than individuals from suburban Castellaccio Europar

Castellaccio Europarco was located in guburbium about 12 km from the city walls of
Rome. This distance would have taken an adult nearly twoshomifoot, so it is possible but
unlikely that individuals living in this area would have comated into the city on a daily basis.
Measured strontium ratios, of course, are from the first matal reflect the first few years
of life. Infants who were born and raised in the countryside anlikely to have journeyed
into Rome often enough to have obtained a strontium sigeagflective of eastern aqueduct
water. There should, therefore, be two ranges of valuessetimdividuals who had access
to a great amount of lower-strontium water and those indizisl who had access mostly to

higher-strontium water.
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Figure 8.11: Castellaccio Europarco - Strontium Ratios
Dotted red rectangle represents the likely local Romaneadagshed yellow rectangle
represents the lower range of isotope ratios that could teraa by locals
drinking water from the Monti Simbruini; solid blue line negsents seawater.

Elimination of the two known nonlocals at Castellaccio Epaico whose strontium signa-
tures are greater than 0.7103 leaves 24 individuals who &aantinuum of local strontium
signatures. There is, however, a clear discontinuity ingitagoh at about 0.7088. Individuals
with a strontium isotope signature in the lower range likebyested at least 70% of their water
from lower-strontium sources, such as the eastern aquedlice separation in the graph into
a group of individuals who drank mostly local water and a gro@ individuals who drank
mostly nonlocal water bears out the assumption that Castétl Europarco was far enough
from Rome that individuals were not regularly consumingexamported from the Monti
Simbruini. Of the 24 people local to the area of Rome, onedtbf the sampled individuals
fall into the lower strontium range and two-thirds into thigher range. Those in the lower
strontium range might have been born in another area of Roithegneater access to east-

ern aqueduct water, they might have been mobile enough lernito have obtained a low
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strontium isotope ratio from consumption of eastern aqoeadater, or they might have been
immigrants from an area with similar strontium isotopeasti

The site of Casal Bertone is located on the eastern side sutngrbium within meters of
the path of the Aqua Virgo. It is likely that, if the individlsaburied there had lived nearby,
they had regular access to water from that aqueduct. Theesaidrthe Virgo is rainfall in
the suburbium(figure 8.8) and would have carried a strontium isotope sigeasimilar to the
geology of the Colli Albani. The archaeological context afs@l Bertone includes two large
complexes that would have required abundant wateynaphaeunand a tannery/fullery (see
chapter 4). The source of the water that supplied theseibg#ds unfortunately unknown,
but in all probability they were fed by aqueducts, eitheralgor illegally. It is therefore
possible that water from the eastern aqueduct sources was imet to the suburban bath and
industrial complexes found at the site. Casal Bertone 3 lalsated just 1.6 km (1 mi) from
the city walls of Imperial Rome and, more importantly, frohe tPorta Maggiore, which was
not only an entry gate to the city of Rome but also a channebfih the Aquae Claudia
and Anio Novus. Assuming that individuals buried at Casalt@e lived in the area near
the cemetery, a mere 15-minute walk would have taken theontl city. It is highly likely
that individuals buried at Casal Bertone frequently tragdrboth the urban context of the city
and the periurban context of tlseiburbiumjust outside the walls. If the assumptions about
the source of water at the site and the mobility of the popartaburied at Casal Bertone are
correct, the range of strontium ratios should be relatieelgtinuous, as different individuals
would have utilized resources differently by moving betweentexts. The average strontium
ratio at Casal Bertone is expected to be lower than that aie@fascio Europarco, as people at
Casal Bertone had easier access to lower-strontium watagdatheir propinquity to the city
and the path of the eastern aqueducts.

The strontium signatures from the people buried at CasaoBersupport the hypothe-
sis that a continuum of water consumption exists. Figur@ &la graph of strontium ratios

from the site. There are five nonlocal individuals represerty the two signatures greater
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Figure 8.12: Casal Bertone - Strontium Ratios
Dotted red rectangle represents the likely local Romanaadashed yellow rectangle

represents the lower range of isotope ratios that could teraa by locals
drinking water from the Monti Simbruini; solid blue line negsents seawater.

than 0.7103 and the three less than 0.7079 as reported iors&db.1. Unlike Castellaccio
Europarco, however, Casal Bertone presents local ratimgahe continuum of water values.
The distinction between individuals who consumed mostly-#rontium water and those who
consumed mostly high-strontium water at Casal Bertoneusdid, as individuals living in the
periurban context of theuburbiumlikely had the opportunity to obtain the significant amount

of nonlocal agueduct water necessary to lower their stuamtsotope ratios.

Age Differences

Variation in the strontium isotope ratios by estimated agdeath was also investigated.
The sample of the Castellaccio Europarco population whingetgum isotope ratios were mea-

sured could be broken down into six age categories. For thgopa of statistical analysis, the
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Figure 8.13: Local Strontium Isotope Ratios by Age

one individual in the 11-15 age category, ET72, was placélaart-10 age category. Addition-
ally, one individual who could only be determined to be anltas excluded from statistical
analysis. In order to compare the means of the strontiunopeotatios of the age cohorts,
a one-way ANOVA was calculated. The result indicated a siatlly significant difference
(» < 0.05) among the between-group means. Figure 8.13a presentg8dhéisn isotope ra-
tios of the locals at Castellaccio Europarco broken dowmage categories. Individuals above
the dashed line were consuming mostly local water, whils¢tmelow were consuming mostly
eastern aqueduct water. The four individuals who were im #8s when they died have much
lower values on average than any other group. As infantsethmelividuals were likely obtain-
ing a large portion of their water from lower-strontium sces such as the Monti Simbruini.
Nevertheless, there are few individuals in each age catetim small sample size of each age
cohort could therefore be distorting the data.

The Casal Bertone population could be split into eight aateg of estimated age-at-death.
For the purposes of statistical analysis, the one indiVioiuae 61-70 age group was included
with the 51-60 age group, and the four individuals who coulty e determined to be adults
were excluded. The one-way ANOVA test of the between-grogams was statistically in-
significant p = 0.7). Figure 8.13b presents the strontium isotope ratios cdltoat Casal

Bertone broken down into age categories. Individuals alblogelashed line were consuming
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mostly local water, while those below were consuming mostigtern aqueduct water. Each
age cohort has a range of strontium isotope values. Thenearia the ratios of individuals
estimated to have been 31-40 years old at death is smallertileaother groups. Only one
individual in this group appears to have been drinking aiigant amount of lower-strontium
water, such as from the Monti Simbruini. However, this agrigrhas the most data points; it is
possible that additional testing of individuals in otheogps would produce more continuous
ranges of strontium isotope ratios.

It is currently unclear what, if anything, the age-relateffiedences in strontium isotope
ratios means at Castellaccio Europarco or what the lacKiefrdhces means at Casal Bertone.

Future studies of dental enamel from Imperial Rome could beplicate these data.

Sex Differences

By separating the populations into groups of males and fesnalex differences in water
consumption at both sites can be examined by investigatiagariance within the popula-
tions (Bentley, 2006). At Castellaccio Europarco, the eaafjfemale strontium values is not
significantly different from the range of male values. Hoew®wonly four adult females from
Castellaccio Europarco presented teeth for evaluatiothesanderrepresentation of one sex
could have affected this outcome.

At Casal Bertone (figure 8.14), the difference between madefemale strontium ratios is
statistically significant in a two-tailed t test £ 3.6162,p < 0.01). Males averaged 0.709042
with a standard deviation of 0.00045 (n=35), while femalesaged 0.709202 with a standard
deviation of 0.00044 (n=16). Local males thus had greategsscto lower-strontium water on
average than did local females.

Various scenarios can explain why male children had greatsss to aqueduct water than
females. For example, perhaps male children were moreyltkeravel into Rome with their
mobile fathers than were female children who grew up inghieurbium thereby being able

to obtain lower strontium isotope ratios than female. Mdreruical testing of teeth that form
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Figure 8.14: Casal Bertone - Female and Male Strontium Ratio
Dotted red rectangle represents the likely local Romaneadagshed yellow rectangle
represents the lower range of isotope ratios that could tere by locals
drinking water from the Monti Simbruini; solid blue line negsents seawater.

at different age ranges, however, would be necessary bafiemapting to explain any possible

sex-related differences in water consumption.

8.7 Conclusions

Strontium isotope analysis is not a flawless method for wtdading mobility and migra-
tion in the past. Although water flowing over rocks takes oa $krontium signature of the
geology, humans usually consume water from a variety ofcasurAt best, measured human
strontium isotope ratios will create a small range offsetvabor below the range of the local
geology. Strontium ratios from human dental enamel migéw akflect a simple mixing line
between rainwater and the local geology (Montgomery ef80;7). In many archaeological
studies, however, it is necessary to create objectiveriitey which the population can be

judged to be either local or nonlocal. Finally, there is Ulyuaariation within a population’s
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87SrFSSr ratios other than that contributed by nonlocal individyBentley, 2006). It is often
difficult therefore to assess how much variation exists ahdtwontributes to the variation.

This study of strontium isotope ratios from Imperial Romamains necessitated the cre-
ation of objective criteria to judge local and nonlocal widuals because no previous study of
human strontium ratios has been done in Italy. In lookindnatdollected data from each site,
the mean strontium ratios for the local populations are®28 (Casal Bertone) and 0.709198
(Castellaccio Europarco). The two pig teeth tested are9Q3Z6 (Casal Bertone) and 0.710313
(Castellaccio Europarco). These results all suggesthiedbiblogical availability of strontium
is within the lower end of the range of strontium values meagétrom the local geology of the
Colli Albani.

In the Imperial period, however, it is known that the city afrRe imported about two-thirds
of its water from springs and rivers to the east in the Montnl®iuini of the Preapennines.
The geology of this area is composed of older rock and thexdfias a significantly lower
strontium signature than the volcanic area around RomeeMggied into Rome from the east
was available in addition to water from theburbium The3"Srf5Sr ratio of different mixtures
of these waters can be modeled by means of a mixing equatimthdf, the moderate linear
relationship found in a two end-member mixing model sugg#st main sources of dietary
strontium were rainwater or seawater and the geology fromwdirinking water was drawn.

Individuals who were nonlocal were identified based on stwom isotope ratios. There
were seven individuals who fell outside of the local isotopege. All nonlocals were either
adult males or subadults. A conservative interpretatiotheir homelands puts all but one
coming from the Italian peninsula. A couple likely came tonfofrom nearby Tuscany, but
two more appear to have come from far southern Italy, overkitGrom Rome. Evidence
of nonlocal individuals thus involves both short-distamcel long-distance migration. It is
currently unknown when in life these individuals immigmtéut the presence of a subadult
who died around 8 years old (T8) among the short-distancegnamts suggests that children

moved to Rome. Whether they moved with their families, byrtkelves, or as slaves cannot
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be determined from the data at hand.

Finally, variation both within and between the populatioves investigated. Castellaccio
Europarco, located about 12 km from the city, and Casal Bertlmcated 1.6 km from Rome,
have statistically different means and ranges in stronisotope data. Individuals who were
buried at Casal Bertone were drinking water with a lowerrgiton isotope ratio than the
individuals from Castellaccio Europarco and thus likeld Imaore frequent access to aqueduct
water. Although there were no sex differences in strontiatios at Castellaccio Europarco, the
significant difference between males and females at CastiiBesuggests that males obtained
lower strontium values than females, possibly the resuttigiier mobility or better access to
eastern aqueduct water.

Rome’s complex infrastructure of imported water and abuandaf imported food signif-
icantly complicate the biological availability of stronth and make defining a local baseline
difficult. The results of this inaugural study suggest, hesvethat strontium isotope analysis
can be used in ancient Rome to isolate people who came to Romedther areas of Italy and
the Empire. By combining these results with oxygen isot@i®s presented in chapter 9, a

more complete picture of mobility and migration in Impeiime begins to form.
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Chapter 9

Oxygen Isotope Analysis

Oxygen isotopes and strontium isotopes represent two erkemt systems by which mo-
bility and migration can be assessed in antiquity. As shawchiapter 8, strontium isotopes
in the geology of Italy vary north-to-south, particularlgdause of the different volcanic sys-
tems. Oxygen isotopes, on the other hand, are related tatdiand elevation and thus vary
east-to-west on the Italian peninsula. The technique afrastrontium and oxygen analyses
to answer questions about mobility and migration, as pteseim chapter 10, has produced
good results in other parts of the world. In order to bettetaratand the origins of the Impe-
rial populations found at Casal Bertone and Castellacciofgarco, therefore, oxygen isotope
analysis was undertaken in addition to strontium.

An outline of the methodology and theoretical considerstifor oxygen isotope analysis
was presented in chapter 7. The current chapter presentssiliés of the oxygen isotope anal-
ysis of 55 individuals from the two Imperial Roman cemetgiiethis study. The results are
interpreted in light of a range that | establish for the Iagighature at Rome based on the data
presented by Prowse and colleagues (2007). The data arecalgerted to drinking water val-
ues, and the geographical origins of nonlocal individuedstascussed. The chapter concludes
with a discussion of the similarities and differences betwthe results of this oxygen isotope

analysis and those of Prowse and colleagues (2007) at Portus
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Figure 9.1: Demographics of Individuals Subjected to Oxyigetope Analysis

9.1 Sample Selection and Demography

The realities of funding did not allow every individual to bested for all four elements
under investigation. For oxygen isotope analysis, a figdtsample was drawn from the popu-
lation subjected to strontium isotope analysis, inclugingry individual for whom carbon and
nitrogen isotope information was gathered as well as teitiaddl individuals, for a total of
60 samples. Four individuals were selected from the egrhases of Castellaccio Europarco
and are presented in appendix B. From the Imperial populatoCastellaccio Europarco,
14 individuals were selected for analysis, and from CasatdBe, 11 individuals from the
mausoleum and 30 from the necropolis were studied. Onlymdfigidual from Casal Bertone
(F9B) did not produce reliable results. In all, oxygen ig@@nalysis results are available from
55 individuals from the Imperial period of Castellaccio &parco and Casal Bertone.

Figures 9.1a and 9.1b represent the demographic makeug chthple populations. At
Casal Bertone, 19 males and 11 females were tested, and t&fl&@aso Europarco, eight
males and three females were tested. As discussed in chgpbath sites had an under-
representation of females. The samples for oxygen isotoplysis, however, were carefully
selected to represent the age and sex distribution witleipépulations as accurately as possi-
ble. The similarities in demographic makeup can be seennmpanison with the sex and age

distributions of the overall populations presented in fegu.5 and 4.8.
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9.2 Methods

It was not possible to undertake oxygen isotope analysiseatJhiversity of North Car-
olina, as the university does not own the equipment necgs$sarocess and analyze stable
light isotopes. | sent samples of dental enamel to Dr. Jamettypmery in the Division of Ar-
chaeological, Geographical, and Environmental Scienctbe dJniversity of Bradford because
of her extensive experience using both strontium and oxygmopes to answer questions of
mobility and migration (e.g., Montgomery et al. 2005, 20Bddd et al. 2003).

At the Stable Light Isotope Facility at the University of Bfard, the outer layer of each
Roman tooth was cleaned using a diamond dental burr. A sswigple of approximately
15 mg was extracted from the enamel of each tooth, and cartaas not to acquire any den-
tine. Between individuals, the dental burr was cleaned WithHNO;, rinsed with deionized
water, placed in an ultrasonic bath for five minutes, and $edbwith acetone. The facil-
ity’s standard procedure for pre-treatment of enamel sgpetias follows, based on a method
established by Sponheimer (1999). Each sample receivedlld NaOCI (sodium hypochlo-
rite). Samples were rinsed with deionized water and cergeid three times. 1.8 mL of 0.1M
acetic acid was added, and the samples were again rinsedeithized water and centrifuged
three times. Samples were heat-dried overnight and finadgze-dried before being weighed
and loaded onto the IRMS. Values &f0,, and4'3C,, were obtained from the hydroxya-
patite carbonate portion of tooth enamel using a ThermoaDélAdvantage CF-IRMS, and
the samples were normalized relative to two laboratorydeteads: NBS19 and Merck CaGO
The international standard for reporting oxygen isotopgndances is Vienna Standard Mean
Ocean Water (VSMOW), and the standard for carbon isotopaddnces is Vienna Pee Dee
Belemnite (VPDB). The average values of duplicate or gtk samples of enamel from the
Casal Bertone and Castellaccio Europarco teeth are rejoetew relative to these standards,

with standard error (@) of 0.12 for#**O and 0.06 fop'3C.
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Skeleton Sex Age §%C,, 5180,
(% VPDB) (% VSMOW)

ET31 I 0-5 -12.35 26.53
ET36 I 6-10 -12.78 2491
ET67 I 11-15 -12.45 27.94
ET45 M 16-20 -12.63 25.65
ET44 M 16-20 -13.52 26.67
ET27 PM 16-20 -12.09 28.16
ET18 F 21-30 -12.52 26.34
ET69 M 21-30 -13.11 26.89
ET20 M 31-40 -4.00 25.33
ET72 M 31-40 -12.12 27.06
ET58 F 41-50 -11.74 25.41
ET68 F 4150 -12.45 27.15
ET38 M 41-50 -7.64 25.69
ET42 PM Adult -13.80 26.69

Mean -11.66 26.46
StDev 2.63 0.97

Table 9.1: Castellaccio Europaré6°O andd'*C Ratios

9.3 Results

Results of the oxygen isotope analysis of the Imperial gesamples are presented in
tables 9.1 and 9.2. Only one sample, a first molar taken froorm@8th-old individual F9B,
produced unreliable results. Enamel samples were sentaiem analysis after the same
teeth had been processed for strontium. Insufficient enavaehbvailable from the incomplete
first molar crown of FOB to process for oxygen analysis. In thlé Imperial populations of
Castellaccio Europarco and Casal Bertone yielded'86 results. Results from individuals
from earlier periods of Castellaccio Europarco (n=4) aespnted separately in appendix B.

Statistical investigation of thé'®*O values generated from the two sites based on demo-
graphics indicates that there are no significant differemtéhe oxygen isotope ratios between
males and females at either Casal Bertone or CastellaccapBirco. Additionally, no signif-
icant differences were found between the mausoleum an@pecs burials at Casal Bertone

in terms of§'80 measurements.
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Skeleton Sex Age 413C,, 5180y,

(% VPDB) (% VSMOW)
F10C I 6-10 -10.42 27.35
F10D | 11-15 -12.05 27.41
F1A F 16-20 -11.96 25.73
F7B M 16-20 -12.32 27.79
F5A M 21-30 -11.72 25.01
F11A F 31-40 -12.95 26.74
F12A M 31-40 -14.22 26.48
F13C F 41-50 -12.49 25.95
F3C M 41-50 -12.47 26.12
F4B F 51-60 -13.24 25.52
F6E F 51-60 -12.37 26.64
T71 I 0-5 -13.05 25.73
T29 I 0-5 -12.35 25.78
T8 | 6-10 -10.91 25.44
T20 I 6-10 -13.45 26.02
T70 I 6-10 -12.62 28.92
T72 I 11-15 -11.91 25.60
T80 I 11-15 -14.78 27.14
T32 I 11-15 -12.37 27.37
T36 I 11-15 -6.76 28.46
T39 PF 16-20 -10.90 28.80
T83B M 16-20 -13.43 26.08
T21 M 16-20 -13.45 26.62
T50 PF 21-30 -12.93 26.58
T81 M 21-30 -12.86 25.03
T14 M 21-30 -13.15 25.93
T23 M 21-30 -11.25 26.44
T42 F 31-40 -12.61 27.19
T34 M 31-40 -12.16 24.78
T15 PM  31-40 -12.32 25.60
T18 PM  31-40 -12.75 25.83
T10 M 31-40 -12.12 26.11
T76 PM  31-40 -12.44 26.43
T82A F 41-50 -12.82 24.34
T30 PF 41-50 -12.29 26.60
T19 M 41-50 -10.91 24.86
T7 M 41-50 -12.48 26.25
T33 M 41-50 -12.74 27.59
T28 F 51-60 -11.78 25.26
T24 M 51-60 -10.87 24.40
T13 M  61-70 -12.04 26.40
Mean  -12.26 26.30

StDev 1.25 1.09

Table 9.2: Casal Bertong®0 ands'?*C Ratios
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In order to visualize the distribution of oxygen ratios, a tistogram of all 55 measure-
ments was generated (figure 9.2). It is clear from the histoghat there is a large cluster of
values from 25.3 to 26% VSMOW. Outside of this range, there are some smaller additio
clusters both lower and higher, with obvious outliers oheitend of the histogram. At least
four individuals appear to have oxygen ratios that deviatefthe mean upon visual inspection

of the histogram.
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Figure 9.2: Dot Histogram of Imperidl®*O Measurements
Castellaccio Europarco represented by symbol ‘0’, CasebBe by symbol ‘X'

olale
Op<p<
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Comparing the results from Casal Bertone with those fromellascio Europarco shows
that the sample from Casal Bertone has a greater rang€©fvalues. This range could be
the result of more diverse drinking water sources. In comgahe means of the two samples,
no statistical significance was found in a two-tailed t test=( 0.6853). The means of the
strontium isotope ratios between the two sites, howevee Yoeind to be significantly different
(see chapter 8), likely owing to the greater access to agquedater by the Casal Bertone
population. If this hypothesis is correct, the insignificdifference in thef'*O isotope means
could be the result of undersampling of the Castellaccicopgairco population. Because of
the geographical differences between the two sites andubeaa the statistically significant
strontium isotope differences among their populationsilll s@nservatively assume that the

two oxygen isotope sample sets were drawn from differentifadions.
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9.4 Biological Measurements o§*0 in Italy

As with strontium ratios, in order to determine which indivals were nonlocal to Rome
based o 'O ratios, it is necessary to determine what the local rangeav&ome. Unlike
with strontium ratios, however, because of the effects adtfonation in the human body and
because oxygen is sensitive to dietary differences amomgmads, it is impossible to directly
use environmental or faunal measurement$'8® to create a human baseline for Rome. For-
tunately, the study of Prowse and colleagues (2007) prevadggnificant amount of data with
which to identify trends in thé'80 of humans born in Rome. In this section, | will discuss my

creation of a locab*®*O range for Rome.

9.4.1 Published Humarny'®O Data

In their attempt to identify immigrants at Portus, Prowse anlleagues analyzedt®*O
ratios from 61 pairs of first and third molars from individsi@uried in the Isola Sacra cemetery.
Isola Sacra was used as a necropolis between about the IZthrehturies AD (Prowse et al.,
2007), and the samples are therefore assumed to be fronduadis contemporaneous with the
populations buried at Casal Bertone and Castellaccio Bumcop Because no previod§’O
study had been done in this area, Prowse and colleaguesoadtlit analyzed 24 deciduous
teeth collected from 19 children born in Rome between 19861889 as a control sample in
order to help identify a local range. These data are predentable 9.3, which lists th&'®O
as originally measured with respect to VPDB and converteded/SMOW standard for ease
of comparison with data in this study.

The data obtained by Prowse and colleagues from modern Ronaage from -7.9 to
-3.2%0 VPDB, or 22.78 to 27.6%, VSMOW. In most cases, a local range measured from a
human population unaffected by immigration and trade imlfand drink is around%. (White
et al., 2004b). There is often a trailing ‘tail' on the positiside of a histogram of th&%0

values in a population as a result of importation of foodstahd/or boiling, evaporating, or
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Tooth type ID number 4'%0,, 4680,
(%0 VPDB) (%0 VSMOW)

i1 25 -4.3 26.49
i1 26 5.1 25.66
i1 26 -5.3 25.46
i1 50 -4.5 26.28
i1 50 -4.8 25.97
i1 27 -3.2 27.62
i1 41 -4.7 26.07
i1 41 -4.7 26.07
i1 52 -5.3 25.46
i1 52 -5.1 25.66
i1 51 -5.2 25.56
i1 44 -3.8 27.00
i1 28 -4.6 26.18
i2 90 -5.1 25.66
i2 37 -4.4 26.38
i2 43 -4.7 26.07
i2 38 -4.9 25.87
ml 27 -7.2 23.50
ml 81 -7.0 23.70
ml 71 -7.9 22.78
ml 102 -6.7 24.01
m2 45 -5.4 25.35
m2 115 -4.9 25.87
m2 115 -4.7 26.07

Mean -5.1 25.62

StDev 11 1.1

Table 9.3:5'%0 from Roman Children
Data reproduced from Prowse et al. (2007, Table 2).
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brewing of water in the human diet (Daux et al. 2008; Janet tglamery pers. comm.). Even
given the patterns of food and drink importation in the mod#et, the modern Roman sample
range of nearly %o means that there are likely outliers in the population. Becus teeth begin
forming in utero and thus, like early-forming permanentheean be affected by the isotope
ratio of the food and water ingested by the individual's neotf hese teeth were collected from
infants born in Rome, but no information was gathered on tigins of the infants’ mothers
(Prowse et al., 2007, p. 513). Anomalous data in the decsl&&mman sample, therefore, are

possibly the result of mothers who had recently immigratedh&ho then gave birth in Rome.
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Figure 9.3: Histogram of Modern Roman Infani$*O Measurements
Plotted from data in Prowse et al. (2007, Table 2).

Prowse and colleagues construct a histogram and visuaBsaghat the majority of the
data points fall within a range of -6 to%4 VPDB (or 24.73 to 26.80, VSMOW), which they
then use as the local range for Rome. | have plotted a histofyran their data in figure 9.3. It

is clear that this sample is not normally distributed and tivare are several outliers among the
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more negative values. The four significantly more negatalaas are outside of Prowse and
colleagues’ defined local range and are all curiously fromdieus first molars. The authors
suggest that these individuals with lighté?O values (those from -6.7 to -7/9) might have
been consuming a nonlocal source of water such as bottlélgspater, but they offer no
explanation for the fact that all of the lighter values ammnirdeciduous molars. It is possible
that the difference seen is related to the chronology ofah@ation of this tooth.

The deciduous first molar begins formation around the fiftmthan utero, and its crown
is complete around six months of age. In contrast, the odethtstudied, incisors and second
molars, finish forming at about three months and 11 monthgefr@spectively. Unfortunately,
no data were available to Prowse and colleagues on the olratibreastfeeding and time
of weaning from the modern samples, but it is possible thatsilgnificantly different first
molar values are related to the introduction of solid foajsecifically cooked cereals, into
the infant’'s diet, which often occurs between four and sixithe in modern societies. As
noted in section 7.4 of chapter 7, exclusively breastfeddsatvould see a trophic change
once weaned onto solid foods or formula, and exclusivelynfda-fed babies would see a
trophic change if their mothers prepared their formula viitliled, distilled, or bottled water
as is often recommended for well water and other water sewnitl potential contaminants.
Nursing and using distilled or boiled water for formula woduhake an individual’s'®*O more
positive. A diet composed of cooked foods (meat, fish, legjraed cereals) creates a more
enrichedd!'®O than a diet with significant amounts of raw fruits and vegiess However,
a diet composed predominately of cooked cereals actuadiguymes dower %0 value than
a balanced or cereal-free diet (Daux et al., 2008). It is iptessstherefore, that introducing
cooked cereals produced the [6¥/O values seen in the deciduous first molars.

Regardless of the reason for the differencefitO ratios for the first molars, however,
which could also be simple measurement or sampling erresetldata clearly form a second

cluster within the histogram that is different from the ¢arscomposed of deciduous first and
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second incisors and deciduous second molars. It is ther@iappropriate to include the de-
ciduous first molar data in calculating a local range. By editlg these values, as Prowse
and colleagues also did, it is possible to calculate a medstamdard deviation for the larger
cluster of samples and produce a local range. With the lowadaes excluded, the mean of
the modern Roman sample is -4%A/PDB or 26.0% VSMOW, with standard deviations of
0.53 and 0.55, respectively. Calculation of @ ange (95% CI) for the data yields -5.8 to
-3.7%0 VPDB, which is close to the range visually assessed by Prandecolleagues as the
local Roman range. This range converted to the VSMOW stand&t4.9 to 27.%.

| take issue with the range that Prowse and colleagues catestk from their modern Ro-
man sample as, based on the above, it should be approximéat8lyo -3.7. VPDB rather
than the oddly round numbers of -6 tdt# The more precise range fits both the ancient and
modern histograms they present (figures 3 and 4 in Prowse 20@f) much better and does
not materially change the spread of the range. Prowse atehgoks constructed a histogram
of the 610 values from first molars from the Imperial Isola Sacra papoh and determined
that most of them fell within their range of -6 to%4 A total of 20 individuals, or nearly
one-third of the population, were outside of this range.yTdiso found by analyzing th&20
of third molars from the same individuals that 45 had a logaiature and 16 had a value out-
side of their local range, indicating that many people inmatigd to Portus during childhood
(Prowse et al., 2007, p. 517). Shifting th€O range to -5.8 to -3%, based on the modern
Roman data and assumed outliers still yields 20 of the 61rficdars falling outside of it as
nonlocals (Prowse et al., 2007, table 3). The choice of -@%@ as the local range of Rome
is never fully explained by Prowse and colleagues excepayadisat “it is clear that the ma-
jority of the data points{75%) fall within the range of -4 to % (sic)” (Prowse et al., 2007,
p. 515). Elimination of statistical outliers and constiantof a 2r range of -5.8 to -3.% is a
more statistically sound method of estimating &&0,,, value of the local range.

The data presented in Prowse et al. (2007) represent theconmigntly knowns**O ratios

from human dental enamel in both ancient and modern Italg. nittimber of individuals tested
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(19 modern and 61 Imperial people) is relatively small, betitesearchers tackle the question
of diagenesis and mention the possible effects of breabtigediet, and water supply in this
short article. Although their inclusion of Longinelli anelgo’s (2003) isopleth precipita-
tion map and discussion of the origin of immigrants to Pogrtes often confusing, th&'®O
measurements from both the modern Roman infants and theilhpkeletons from Portus
are consistent with expectations based on current knowletlgnvironmental oxygen isotope
ratios in Italy. As such, the range calculated from the mod®wman deciduous teeth, -5.8 to
-3.7%0 VPDB or 24.9 to 27.%, VSMOW, represents the best metric for identifying localouer
nonlocal individuals from Casal Bertone and CastellacaiooRarco. In the future, creating a
baseline from permanent premolars of modern people who ba@reand raised in Rome and
its suburbs would greatly enhance our understanding of ft@ range of locals by obviating

the effects of nursing and weaning.

9.4.2 Published Faunab!®O Data

Humans'®O values cannot be directly compared with those of animaisaily because
of the difference in diets but also because of the fact thatdns can cook their food. Mea-
surements of oxygen ratios from mammalian enamel, howewaerprovide a general idea of
the 'O in an area.

The two faunal studies cited in chapter 8 with reference tonsium isotope measure-
ments also analyzed oxygen isotope ratios and concludeédhthaampled animals were lo-
cal to the area of Rome. Pellegrini and colleagues (2008)exddeer and horse teeth from
Grotta Polesini in an attempt to investigate transhumamdtled past. They microsampled one
deer tooth and one horse tooth, and the mean of @ values for enamel carbonate was
26.62%. VSMOW for both species. Palombo and colleagues (2005) estiuteieth from prehis-
toric elephants at the site of Casal de’ Pazzi close to Rorhe. alerage of all the elephants
sampled (n=11) was 26.%5 VSMOW from the carbonate portion of the enamel. The mean

of Prowse and colleagues’ Roman infants noted above, mintliers, is 26.0%, VSMOW,
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which is not statistically different from th&20O of the animals.

Deer, horses, and elephants, however, are all herbivoreseas humans are omnivores.
Herbivores are known to consume a wider range of plants tharahs, and their consumption
of C; versus G plants can also be different than humans’. Although thigedéhce accounts for
some interspecies variation in th€O of herbivores (Daux et al., 2008), humans additionally
have the ability to cook and otherwise process food, whictreault in an enrichment of2O
through evaporation. For instance, humans who consumefasreals, legumes, and meat,
which are rarely eaten raw, could have enriclaétD body water values. As noted above,
though, consumption of primarily cooked cereals can haeeoppposite effect, lowering the
5'80 value. Humans also have access to more varied water spsucisas tap water, aqueduct
water, wine, fruit juices, and bottled water, than animalsahd ous'®O values can be offset
because of our consumption of nonlocal waters. Seasowébtyvater source is similarly more
likely to affect thed'®O of herbivores than humans, because both ancient and mBdemans
had access to far-off water sources via aqueducts and ctmu\gater to circumvent drought
conditions.

Because of the differing diets and sources of water betweemahs and animals and be-
cause of the fractionation of oxygen isotopes within theybatdis impossible to use faunal
5180 values to help refine a local range for humans. The best aatiygstudy for the present
research remains Prowse and colleagues’ (2007) invesiigaftthes'#O of both modern Ro-

man children and the Imperial population at Portus.

9.4.3 Establishing a Local Range

Because of the availability of comparatiy€ O data on both modern Romans and ancient
inhabitants of Portus, | did no additional analyses to eraatisotope baseline of locals. Con-
founding factors that could affect the applicability ofglhange to ancient Romans, however, in
order of greatest to least effect 81O ratios include: 1) climatic conditions and water sources;

2) average diet; and 3) duration of breastfeeding and cladieeaning foods.
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First and most importantly, Prowse and colleagues (200314) address the issue of cli-
mate by suggesting that temperature and precipitationpftiee main factors in th&0/°O
ratio, have not significantly changed since the Imperiaiguebased on data from th@lobal
Network of Isotopes in Precipitatiofrurther, a diachronic analysis of human skeletal remains
from France dating from the Late Roman period to the presaydiscovered no statistically
significant differences in'®O of enamel phosphate among different time periods (Dauk,et a
2005). If this uniformitarian assumption is correct, usthg modern range for the ancient
population is uncompromised by the climate of Rome. Prowskcalleagues (2007, p. 514)
also note that modern Romans do not drink precisely the saater as either ancient Romans
or the residents of Portus. The similarity in the tap watenotlern Rome and the tap water of
ancient Rome, however, is greater than would be expectedwio anillennia time span. Two
of the ancient aqueducts, the Aqua Virgo and the Aqua Maheiee been revamped in modern
times into the Acqua Vergine Antica/Nuova and the Acqua F#da Marcia. The source wa-
ters for these aqueducts are the same, namely, springs ah& Simbruini and in the Colli
Albani, respectively (see chapter 8, section 8.5.1). Theedifferences between ancient and
modern water sources, however, as in the present time veaadsa drawn from locales north
of Rome, such as Lake Bracciano via the Acqua Paola.fTt@ difference between the local
water available to ancient Romans and that available to md@emans is likely to be small,
as a map of precipitation in Italy (Longinelliand Selmo, 3p8hows no significant differences
in §'80 at the resolution of the city and its suburbs, and®D calculator (Bowen and Reve-
naugh, 2003) based on latitude, longitude, and elevatemstiows no significant differences
in the 680 of the major ancient and modern source springs. Nevessielrodern Romans
have more access to imported water such as that in bottlezt,wahe, and fruit juices than
did the ancient Romans, although the latter did import guch as wine from other areas of
the Empire.

Second, as already mentioned, differences in diet amongahsiroan affect theif'®O

ratios, particularly if they are consuming a large portibfoods that need to be cooked and/or
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hydrated to eat, such as legumes, cereals, meat, and fishotéd im chapter 6, the ancient
Roman diet is thought to have consisted primarily of cerdatpumes, fruits, and vegetables,
with meat and fish making up a minor part of daily intake. In tissertation, Prowse (2001)
addressed the composition of the diet of the inhabitant®dfiB. Prowse found that the adults
of Portus were eating fish, as they were living on the Tyrrlemioast, but that most subadults
were eating a terrestrial diet (Prowse, 2001; Prowse e2@04, 2005). Although there is no
single modern Mediterranean diet, in general, it is charactd by little consumption of red
meat and quite a bit of cereal, fruit, vegetables, legumige oil, and fish (Willett et al.,
1995). Based on the isotope findings of Prowse and colleagfuessotope findings of this
study presented in chapter 6, and the general compositithreahodern Italian diet, it stands
to reason that any differences in diet between ancient artiemdromans are relatively minor
and not of the magnitude to significantly afféétO ratios (Daux et al., 2008).

Finally, as noted earlier and in chapter 7, section 7.4, tmattn of breastfeeding or
bottle-feeding and the choice of weaning foods can have factedn an individual'si**O
value. Historical texts indicate that Roman women nursegé&id another woman to nurse)
their children for as little as six weeks or as long as a fewg.e@exts for physicians, such as
Soranus'Gynaecologyrecommend a period of exclusive breastfeeding of fourxarenths
and suggest that a child be given breastmilk for two to thesry if possible. The contem-
porary recommendations (American Academy of Pediatri@852 of six months of exclusive
breastfeeding and giving a child breastmilk until at least gear of age are not far removed
from the ancient texts. In both ancient and modern times eglew the choice of whether to
breastfeed and for how long is at least partially a reflectibthe social class of the mother.
The best evidence for duration of breastfeeding in ancier@d is carbon and nitrogen isotope
analysis. As noted by Prowse (2001), weaning in the Portpsilation began as early as six
months of age and could be a protracted process. It is likely ancient Romans received
breastmilk for a longer period of time than modern Romansd, lamypothesize that the evi-

dence from the modern deciduous first molars that Prowseda@tehgues studied reflects both
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this shorter duration and introduction of cooked cerealser& is no evidence, however, of a
significant nursing effect or effect of weaning foods on #& of the modern Roman decid-
uous incisors or second molars. By excluding the deciduesisrfiolars from the calculated
local range, | assume for the sake of this study that duraifdireastfeeding and choice of
weaning foods have little to no effect on th&O of Prowse and colleagues’ modern Roman
teeth.

In summary, because faunal studies cannot be used to halgisktor refine a baseline of
5180 values with which to compare ancient Romans, the estabéishof a local range is based
primarily on the work of Prowse and colleagues (2007). Thst betistical approximation of
the range of'%0 in modern individuals born and raised in Rome is 24.9 to 2y MSMOW.
With the caveats cited above, it is assumed that this rarsgeraflects thé'*O of individuals

born and raised in Imperial Rome.

9.5 Locals and Nonlocals

In light of the calculated range @f®O among individuals born in Rome, the data from
Casal Bertone and Castellaccio Europarco are presenteglire$i 9.4 and 9.5. The left-hand
y axis represents the actual measurement't® of the carbonate portion of dental enamel
with respect to the VSMOW standard, denotetiO,, and reported in permil%), and the
bars are & measurement errors. The right-hanaxis represents th£®0 values from enamel
carbonate converted to the approximate value of drinkinggmiagested while the tooth was
forming, denoted'®0,,, and reported in permil%) with respect to the VSMOW standard.
The z axis shows thé/'*C,, value for each sample measured with respect to the standard
VPDB, as this isotope is often measured along WitfD. The shaded box represents the range

of §'80 of Rome calculated in section 9.4.3.
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Figure 9.4: Casal Bertone**O,, and§'*C,,,
Error bars are @ measurement errors. The right axis shows the calibratioh®@ values to drinking water in
Italy, and the shaded area represents the approximate oddgeking water in the vicinity of Rome.

9.5.1 Casal Bertone

Figure 9.4 shows all individuals from Casal Bertone whosangel was tested for oxygen
isotope analysis. There is a clear cluster of values cesthm@und 26.%, as well as several
individuals whose'#0 values place them outside the local range of Rome. Two ithakls
haved*®O values lower than the Roman range, both less tharfi?4 Mithough there are two
additional individuals whosé'®*O measurement falls lower than the Roman range, between
24.7 and 24.9, thedl isotope measurement error &f 0.12 means that it is possible they
actually fall within the local range. There are eight indivals whose&'®O values are higher
than the Roman range, three of which are over 28&nd one of which has an anomalous
§13C,, value as well. Two individuals hav8®O values whose measurement errors place them
within the high end of the Roman range. In looking at figure, ©dwever, there is a clear

gap between the highest number in the local group, 2&.,7dnd the next highest value of
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Skeleton Sex Age §%0,,

(%o VSMOW)
T82A F 41-50 24.34
T24 M 51-60 24.40
T80 I 11-15 27.14
T42 F 31-40 27.19
F10C I 6-10 27.35
T32 I 11-15 27.37
F10D I 11-15 27.41
T33 M  41-50 27.59
F7B M 16-20 27.79
T36 I 11-15 28.46
T39 PF 16-20 28.80
T70 I 6-10 28.92

Table 9.4: Nonlocal Individuals from Casal Bertone

27.1%. Based on the clustering of the data and the calculated taogle, | am cautiously
interpreting these two individuals as nonlocal. The totahber of Casal Bertone individuals
whosed'®0 values are outside of the local Roman range is thereforeTl2s means that
roughly 29% (12/41) of the population of this site can be adered nonlocal based on oxygen
isotope analysis.

Demographic information on nonlocal individuals is praidin table 9.4. Out of the 12
people whosé'®O values indicate they did not consume local water when fingipermanent
molars were forming, three were adult females, three weuét athles, and six were subadults
at the time of their deaths. Females were therefore equsllikely to be nonlocal as males,

and subadults were equally as likely to be nonlocal as adults

9.5.2 Castellaccio Europarco

Figure 9.5 graphs th&®0 values of individuals from Castellaccio Europarco whosetall
enamel was tested for oxygen isotope analysis. Of these d@deeonly two individuals had
5180 values that were outside of the local range of Rome. An muohdit two individuals,

however, have statistically differeat3C,, values. These values, as mentioned in chapter 6,

256



29.0

28.5 - T3
]

28.0 A ] 1 45
S 27.5 - =
% ; +-55 %
= 27.0 ! >
2 T =
> 265 % 65 >
£ : £
260 rs 2
%o 255 - i t LR

P -85

25.0 ]

24.5 - T -9.5

24.0 T T T T T T T T T T T '10.5

-15.0 -14.0 -13.0 -12.0 -11.0 -10.0 -9.0 -8.0 -7.0 -6.0 -5.0 -4.0 -3.0
§"°C,p (%0 VPDB)

Figure 9.5: Castellaccio Europarcé'¥O,, andé**C,,
Error bars are @ measurement errors. The right axis shows the calibratioh®@ values to drinking water in
Italy, and the shaded area represents the approximate oddgeking water in the vicinity of Rome.

likely indicate anomalous consumption, either directlynatirectly, of C, plants such as millet
during amelogenesis. It is possible that these individuadse from Rome and consumed
porridges made from millet as children, but it is also pdssibat they originated from another
area of the Empire such as Anatolia or North Africa wherelsongand millet enjoy a climatic
and/or dietary niche but wheré80 values from precipitation are within the range of coastal
Italy (Bowen and Revenaugh, 2003). In oxygen isotope arslylerefore, it is common
practice to consider individuals with anomalaii$C values to have consumed a nonlocal diet.
There are thus four individuals out of 14 from Castellacaiodparco whose oxygen or carbon
isotope values are outside of the local range. This meansdzaly 29% of the individuals
sampled were not originally from the area of Rome.

Demographic information on nonlocal individuals from tkite is presented in table 9.5.

All adults identified as nonlocal were male, and only one duliavas found to be nonlocal.
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Skeleton Sex Age §'%0,, §C,
(%0 VSMOW) (%0 VPDB)
ET20 M 31-40 25.33 -4.00
ET38 M 41-50 25.69 -7.64
ET67 I 11-15 27.94 -12.45
ET27 PM 16-20 28.16 -12.09

Table 9.5: Nonlocal Individuals from Castellaccio Euragmar

9.5.3 Nonlocal Individuals’ Homelands

Identifying the homelands of individuals not local to aneai® unfortunately, not a straight-
forward endeavor in spite of the amount of research that bas onto creating linear equations
to correlatey'®O derived from phosphate or carbonate to&h® of drinking water. As noted
in chapter 7, section 7.3, it is necessary to cony&® values from carbonate to phosphate
in order to regress the values to an approximation of theveatendividual ingested during
amelogenesis. This multi-step process, however, candat® error that skews the resulting
drinking water estimates, making it difficult to match upiwnduals with geographic locales.
Nevertheless, it is possible to investigate general tramthge 52O of meteoric precipitation in
the Roman Empire in order to hypothesize the geographiagihgrof individuals nonlocal to
Rome.

In order to compare individuals’ measurét*O values to a map of the ancient world,
conversions were made from carbonate to phosphate and fiosppate to drinking water as
per the formulae in chapter 7, section 7.3. The results ofdheession equation are plotted on
the right-hand, axis in figures 9.4 and 9.5; the scale represents estimi&t@ddrinking water
values.

Longinelli and Selmo (2003) created a map of average an#ti@l values of meteoric
water in Italy (figure 9.6). Their contour map shows that tlyerffenian coast of Italy has
an average'®O precipitation range of -6 to %5 VSMOW. Values of§'®O decrease with
increasing altitude, such that the regions of the ApennamesAlps have values in the range

of about -9 to -%.. Although the heel of Italy can giv&®O values slightly more positive than
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Rome and the Tyrrhenian coast, for the most part, the coastak of the Italian peninsula,
Sicily, and Sardinia are all around the same range, -6 #.-3/alues that are significantly
more positive than this range therefore indicate an origimfa different geographical locale
than Italy. Values that are significantly more negative tRame, which itself has a value of
-5.65), indicate an origin either at a higher altitude in Italy aorfr a different geographical

locale.

Figure 9.6: Isopleth Contour Map of Weighted Annual Mé&O of Meteoric Precipitation in

Italy
Reproduced from Longinelli and Selmo 2003, Figure 2.
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5180ap 6180ap 5180p 804
(%0 VPDB) (% VSMOW) (%o VSMOW) (%o VSMOW)

-4.3 26.49 17.53 -6.72
-5.1 25.66 16.72 -7.98
-5.3 25.46 16.51 -8.29
-4.5 26.28 17.33 -7.03
-4.8 25.97 17.02 -7.51
-3.2 27.62 18.66 -4.99
-4.7 26.07 17.12 -7.35
-4.7 26.07 17.12 -7.35
-5.3 25.46 16.51 -8.29
-5.1 25.66 16.72 -7.98
-5.2 25.56 16.61 -8.14
-3.8 27.00 18.04 -5.93
-4.6 26.18 17.23 -7.19
-5.1 25.66 16.72 -7.98
-4.4 26.38 17.43 -6.88
-4.7 26.07 17.12 -7.35
-4.9 25.87 16.92 -7.66
-5.4 25.35 16.41 -8.45
-4.9 25.87 16.92 -7.66
-4.7 26.07 17.12 -7.35
-4.74 26.04 17.09 -7.40

Table 9.6: Modern Roma#t®O Values Converted to Drinking Water
Original data, with first molars excluded, from Prowse e{2007, Table 2).
Figures in italics represent column means.

As noted, however, researchers tend to see a spread of dhant#20 in a local popula-
tion owing to differences in food and water consumed. Altjitouonginelli and Selmo (2003)
measured average annual precipitation at Rome at%%.8SMOW, humans'®O values will
actually fall within a range. Returning to the data of Prowsal. (2007), thé/**O values of
modern Roman deciduous teeth, minus the first molars, haye tenverted to approximate
drinking water values in table 9.6. Admittedly, there areeéhconversion steps in this pro-
cess, any of which could introduce statistical error to tbecome. The resulting average of
drinking water values for modern Roman children calculditech the§'80 of their deciduous
dental enamel is -7% VSMOW. This number is strikingly different than the averagéue of

meteoric precipitation in Rome of -5.65 VSMOW.
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In regard to the faunal analyses mentioned previously,uligoas of those studies similarly
converted their measuréd® O values into approximate drinking water values. Human amd a
imal §'80 measurements are not directly comparable, but by usingjespspecific equations
to approximate thé'®*O of drinking water, the results should be similar for locabple and
local animals. Pellegrini and colleagues (2008, p. 1719)yaformulae for deer and horses
to the 580 measured from the faunal enamel at Grotta Polesini andrgaverage drinking
water estimate of -7% VSMOW for both. Palombo and colleagues (2005, p. 167) cdnver
their measured!®O values from elephant enamel to drinking water and obtaiavanage of
-7.8%0 VSMOW. Prowse and colleagues’ (2007) modern Roman enamgplsa fall in the
middle at -7.40 VSMOW. Although the measure&®O of meteoric precipitation in Rome
is an annual average of -5%6VSMOW, it is clear that the conversion equations for mam-
malian phosphate generate drinking water estimates tleatoar negative. This fact means
that pinpointing an individual’'s homeland cannot curngtié done with precision until better
conversion equations are created and/or more human enassehpled from around the Em-
pire. Trends iny**O within Italy and the Roman Empire, however, can providedsaiof the
approximate geographical origin of nonlocal individuals.

The map of5'**O precipitation values in Europe (figure 9.7) indicates thate positive
5'80 values are measured in geographical areas closer to thtoedlhe north coast of Africa,
therefore, has averag&®O values more positive than the Italian peninsula, while¢hen Eu-
rope has averagg®O values more negative than the Italian peninsula. The mégure 9.7 is
an estimation of thé'0 of precipitation based on factors such as latitude, lowigit elevation,
and humidity. Further estimations can be made at closetuts®o using theOnline Isotopes
in Precipitation Calculatoy* which uses the methodology of Bowen and Revenaugh (2003) to
estimate a'80 value for any point on the globe given latitude, longitugeg elevation. In
this way, it is possible to estimate the'O of drinking water from specific locations across the

Roman Empire.

1This calculator can be found at http://www.waterisotopes.
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Figure 9.7: Estimation af'®O from Precipitation in Europe
Downloaded from Waterlsotopes.org, based on data from B@md Revenaugh (2003).

The measured®0 values for nonlocal individuals are presented in table@ohg with the
conversions to approximate their drinking water valuesosenindividuals whosé&'®O values
were within the local range but who$&*C values were anomalous - ET20 and ET38 from
Castellaccio Europarco - could therefore have originateal geographical area with average
annuald'®0 around the same as Rome. Areas of the Roman Empire thatsfittiteérion
according to Bowen’s isotope calculator include Greeceiugal, and the west coast of Turkey.
Based on epigraphical evidence, which admittedly prodacés from balanced picture of
mobility in the Empire, a fair number of civilian immigrarnis Rome arrived from the ancient

provinces of Asia Minor (modern west-coast Turkey), Hispaand Lusitania (modern Spain
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Skeleton Sex Age 40, 6180, 6Oy
(%0 VSMOW) (%0 VSMOW) | (%0 VSMOW)
ET20 M  31-40 25.33 16.39 -8.49
ET38 M  41-50 25.69 16.74 -7.94
ET67 I 11-15 27.94 18.97 -4.50
ET27 PM 16-20 28.16 19.19| -4.17
T82A F 41-50 24.34 15.40 | -10.00
T24 M  51-60 24.40 15.46 -9.91
T80 I 11-15 27.14 18.18 -5.72
T42 F 31-40 27.19 18.23 -5.65
F10C I 6-10 27.35 18.39 -5.40
T32 I 11-15 27.37 18.41 -5.37
F10D I 11-15 27.41 18.45 -5.31
T33 M 41-50 27.59 18.63 -5.04
F7B M  16-20 27.79 18.82 -4.73
T36 I 11-15 28.46 19.49 -3.71
T39 PF 16-20 28.80 19.83| -3.19
T70 I 6-10 28.92 19.94 -3.01

Table 9.7: Nonlocal Individuals$'®O Carbonate, Phosphate, and Drinking Water Values
Drinking water estimates in bold are lower than the rangecsh &
while estimates in italics are higher than the range at Rome.

and Portugal), and Greece (Noy, 2000, p. 58-60), so any skthgeographical locales is a
possible homeland. A recent study @fO at 13th century Corinth (Greece) (Garvie-Lok,
2009) indicates that most individuals’ carbon&t&O values fell within the range of 25/4 to
28.0%0 VSMOW. If the climate of Greece in the Middle Ages was similarthe climate in
classical times, people from Casal Bertone and Castetldgioparco whosé&'®O values fall
within the local range could very well have been from a gephjial location withy'8O similar

to Corinth.

Those individuals whos&®O values are more negative than the local range include T82A
and T24 from Casal Bertone. The areas of the Roman Empirénthvat significantly more
negative averagé&'®O values than Rome are areas with higher elevation. In ltaiy,would
potentially include the Apennines, but the Alps region pres even lowef'80 values. The
province of Germania produced a substantial fraction adifprers who came to Rome through

the military (Noy, 2000, p. 59), but little is known about nilitly within Italy. Either of these
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locations therefore could represent a geographical of@inhese two nonlocals from Casal
Bertone.

The majority of the nonlocal individuals - ten from Casal ®&e and two from Castellac-
cio Europarco - havé'®O values more positive than the range of Rome. More positit@
values represent geographical locations that are drierclos#r to the equator than Rome.
In the Empire, this translates into the north coast of Afriwhich was composed of several
provinces: Mauretania, Numidia/Africa, Cyrene, and Egyatcording to Noy’s (2000, p. 59-
60) epigraphical study of the homelands of foreigners louaieRome, just over 10% came to
Rome from North Africa, and most of these people were cingigather than associated with
the military. According to thé'®O study, however, 75% of the nonlocal individuals buried at
Rome were likely from hotter, drier climates than centralyit Prowse and colleagues (2007)
found evidence of one individual (SCR 617) witd'dO value significantly more positive than
Rome. By comparing thé'®O obtained from the dental enamel of that individual with the
5'80 measured from a sample of ancient Egyptian teeth, Prowkeaieagues concluded that
SCR 617 most likely originated in Egypt or in another part oitd Africa.

Although attempting to pinpoint the exact geographicajios of nonlocals buried at Rome
based o **O values is fraught with difficulties, general trends can d&ensin the data. Many
nonlocals arrived at Rome from areas whose average anti@from meteoric precipitation
was similar to the north coast of Africa, and some came fraasat significantly higher eleva-
tions than Rome, such as the Alps. A loédlO signature can be pinpointed based on climatic
conditions in an area, but because of bodily fractionaticoxggen isotopes and differences in
the diet adopted by humang®O values are distributed in a local range. As the Italian tisas
not differentiated with respect 820 values, it is possible that there are additional nonlocals
within the local data set, individuals who arrived at Ronmniranother coastal area of Italy
where the)'®O value was similar or even from the foothills of the Apensinghis issue will
be investigated further in chapter 10 by adding the stromtgotope results (chapter 8), which

vary roughly north-to-south on the Italian peninsula, te §#O results in this chapter. More
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specific information about the geographical origins of weals buried at Casal Bertone and
Castellaccio Europarco can thus be gleaned from a combmatithe two independent isotope

systems.

9.6 Discussion

Although the number of nonlocal individuals uncovered bygen isotope analysis (n=16)
is small, this represents nearly one-third of the popumatested. As such, it is useful to
investigate similarities and differences in the numberailacal individuals found at the two
study sites, the relative percentages of nonlocal maledeandles, and age-related mobility.
The data generated in this study can also be directly cordpdthk the results from Prowse and
colleagues’ (2007) oxygen isotope analysis of individimised at the Isola Sacra necropolis

at Portus.

9.6.1 Site, Sex, and Age Related Differences #°0O

As noted, there was no statistically significant differeircéhe 5'*O measurements from
Casal Bertone and those from Castellaccio Europarco. Th#auof nonlocal individuals
found at each site is also similar. At Casal Bertone, 12 outloindividuals tested haé®*O
values outside the local range of Rome (29.3%), whereassielGcio Europarco, four out
of 14 individuals tested presenté##O values different from the local range (28.6%). Casal
Bertone’s necropolis burial context produced 75% of thelowals at the site, while the mau-
soleum held 25% of the identified nonlocals. More tellingwbwer, is the comparison of
nonlocals to total number of individuals tested. From theisaéeum, three out of 11 individ-
uals were found to be nonlocal (27.2%), whereas nine outeoBthtested from the necropolis
were nonlocal (30%). In terms of approximated geograpluidgins of the nonlocals, at Casal
Bertone there were two individuals who&€0O values were significantly lower than the Ro-

man range, placing them perhaps in an Alpine region at the diitheir births. At Castellaccio

265



Europarco, on the other hand, no one tested h&#d@ lower than Rome, but two individuals
had anomalous carbon values, suggesting they might have from a nearby locale such as
Greece. Aside from this difference in origins of nonlocaltha two sites, there would appear
to be few intra-cemetery and inter-cemetery differencemimocals present in the populations
of Casal Bertone and Castellaccio Europarco.

In terms of sex, the sample population subjected to oxygeope analysis had more males
than females at both sites. There was not, however, a gtaligtsignificant underrepresen-
tation of females in either oxygen sample. The Casal Bersamaple population consisted of
19 males and 11 females. Of these, three males and threestemeate found to be nonlocal,
or 15.8% of males and 27.3% of females. The higher percemfgenale nonlocals is quite
surprising given historical and epigraphical informatibat migrants were more often male
(Noy, 2000). At Castellaccio Europarco, eight males andeliemales were tested, resulting
in three nonlocal males (37.5% of the male sample) and zentooal females. Regardless
of the sex ratio of the oxygen sample, there is a statistiodetrepresentation of females at
Castellaccio Europarco (see chapter 4). It is possiblethigae were nonlocal females in this
population but that vagaries of sample selection and tapigrprevented their study. The
estimated geographical origins of male and female nordgdcain both sites are also similar.
At Casal Bertone, one female and one male presefitéd values lower than Rome, and two
females and two males were higher than Rome. At Castell&zgioparco, two nonlocal males
had§'®O values similar to Rome, while one had a higher measurenfétitough the abso-
lute numbers of male and female nonlocals at Casal Bert@ntharsame, fewer females were
tested, meaning the percentage of nonlocal females atithiwas higher than expected. This
finding will be further examined in chapter 10 in light of thetdétion of strontium isotope data.

Although all tested teeth were first molars, the crowns ofoltdre complete by about the
age of 3, it is possible to remark on age-related mobilityeimts of the nonlocal individuals

who died as subadults. At Casal Bertone, 11 individuals utideage of 16 were tested, and
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six of these (54.5%) were found to be nonlocal based'8® measurements. At Castellac-
cio Europarco, three individuals under 16 were tested, blyt one (33.3%) was found to be
nonlocal. Although it is not possible from the first molarraoto know when in a person’s
life he or she moved to Rome, only that it was after the age té8ing teeth from younger
individuals can provide an age window during which migratiikely took place. Of the seven
nonlocal subadults from the two study sites, two were in Hi®4ear-old age range at death,
and five were in the 11-15-year-old age range. Dental dewstopand epiphyseal closure can
narrow an age range, indicating two individuals travele®tmone before the ages of 7-9, and
five individuals came before the ages of 10-16. Based on vghiahdwn about apprentice-
ships, marriage, slavery, and the age of legal majority imBRwo society, it is possible that the
nonlocal adolescents in the sample came to Rome volun&sijyoung adults in order to find
work or a suitable spouse or involuntarily as slaves. Of seit is also possible that the non-
local subadults journeyed to Rome as part of a family, copti@the historical evidence that
suggests married couples and nuclear families rarely imated (Noy, 2000, p. 66-7). The
evidence of children buried in Rome who were not born lockillly a huge gap in the histori-
cal demographic literature, where there is a decided laevidfence of foreign-born children.
Further research into the nonlocals at Casal Bertone anigl@@sio Europarco is needed in
order to understand the age at which individuals immigr&teRlome. By testing third molars,
which were also gathered during data collection, it will msgible to narrow down the range
at which nonlocal adults came to Rome and to better undetskenphenomenon of subadult

mobility.

9.6.2 Comparatives'®*O from Portus

The oxygen isotope study of individuals buried at the Is@ar& necropolis at Portus rep-
resents the closest comparanda to the data generated iregenpstudy. Portus acted as the

port city to Rome, a way station where foodstuffs and goodered the Italian peninsula and
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were brought to Rome via the Tiber River. The Isola Sacra temnat Portus was in use be-
tween the 1st and 3rd centuries AD. As such, the individuatgeld therein represent a good
comparative population for the individuals from the Romameteries of Casal Bertone and
Castellaccio Europarco.

Prowse and colleagues (2007) reasoned that the role ofPastRome’s entrepdot meant
that some people buried in the Isola Sacra necropolis piplcalme from other parts of the
Empire along with the food or goods they were importing. Emdpical evidence at the ceme-
tery confirms this, placing the origins of individuals in eige parts of the Empire: Asia Minor,
Palestine, and Egypt (Prowse et al., 2007, p. 512). Prondeaeagues performed oxygen
isotope analysis on paired first and third molars from 6 viddials, a small sample of the more
than one thousand burials found to date in the cemetery. dlin@se individuals for whom both
first and third molars were present, so they did not test amyonnger than 12 years old.

As at Rome, Prowse and colleagues did not find any statistisiginificant differences in
the 5'30 of males versus females. Although they did not test firstamsarom any individual
under the age of 12, they did test third molars from each iddal in order to find out if
people moved to Portus between the ages of 3 and 12, or theehapdn the development
of the first and third molar crowns. Several individuals wienend to have immigrated during
childhood, many from areas withH®O values lower than Rome and some from areas Wit®
values higher than Rome (Prowse et al., 2007, p. Fig.5).oMfgh | have not tested any of the
third molars gathered during data collection from Casalt@ex and Castellaccio Europarco,
several nonlocal subadults were found in the first molar erygotope analysis, indicating
that, as at Portus, there was definite mobility of individuaider the age of majority. It would
be interesting to analyze third molars particularly fronnladchdividuals identified as nonlocal
in this study in order to determine when in their lives thesneao Rome.

The meard'80 value for first molars from the sample population of Portas v6.3:, VPDB
(25.4%0 VSMOW), which is extremely interesting because the m&&® values at Casal
Bertone and Castellaccio Europarco for first molars are726vEMOW and 26.%, VSMOW
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respectively. A histogram of the data from Isola Sacra aediwo sites in this work is pre-
sented in figure 9.8. It is clear from this graph that the Rosites have @'®0 range higher
than that of Isola Sacra. Differences in mean first mol&® values between populations could
result from many factors, most notably water sources artd die

The water sources at Portus were different than those at Riselé not least of all be-
cause the latter were affected by an influx of water from gito the east. Portus had only
one aqueduct, but Rome was fed by several that had theinerigithe foothills of the Apen-
nines. With an increase in elevation and distance from thetees'80 of the drinking water
from these springs should be lower than that at Rome. Whateaénsthes'*O from dental
enamel, however, is that the individuals buried at Rome Haidleer mea'80 value than the
individuals buried at Portus. Water is thus not likely theedt cause of thé'*O differences,
although more research is needed into the isotopic con@osift Roman aqueducts in order
to better understand both oxygen and strontium isotopg/sisadf human skeletal remains.

25%

# Portus Romae
E1Rome

20%

15%

Frequency

10%

5%

* ¢
+4
+4

5566664
5666664
494004

0%

23 235 24 245 25 255 26 265 27 275 28 285 29 295
8"%0,, (% VSMOW)

Figure 9.8:5'%0 Values from Imperial Rome and Portus
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Another factor that could account for a higher averag® among the people at Casal
Bertone and Castellaccio Europarco would be a diet congisti more cooked food, particu-
larly meat, fish, grains, and legumes, than that of the peafdRortus. As noted in chapter 6,
although the carbon and nitrogen isotope analysis of CamabBe and Castellaccio Europarco
shows that the diets of these people were similar to otheulptipns in the region, th&3C,,
measurements are a bit higher than those from Isola Saatahen'*C,, values indicate the
Romans were likely eating more,;@rains (or animals foddered on them) and less seafood
than the people of Portus. If the Roman lower classes wenegeatore of the low-cost and
low-prestige grain millet or if they foddered their meatraais on this grain, it is possible that
the 6180 differences between people from Portus and Rome reflext fidiet composed of
more cooked food could also have an effect on the health obalpeas thorough cooking
destroys bacteria and other pathogens. In addition to tii¢fat Romans had good access to
clean water, it is possible that a diet of cooked food alsdrdmted to the low incidence of,
for example, cribra orbitalia and porotic hyperostosis parned to other populations from the
region (see chapter 5). Again, more research is needechiatdi¢t of people from around the
Roman Empire in order to better interpret measué@® values.

The final factor that could account for a differencé 1O range between Portus and Rome
would be the homelands of nonlocal individuals. The pegabf nonlocal individuals found
at Casal Bertone and Castellaccio Europarco is roughlyaimess the number found at Portus.
Although | take issue with Prowse and colleagues’ roundedlloange as detailed above,
reassessing their data in light of a more predi$®© range does not materially change their
conclusions. They found that roughly one-third of the pagioh buried at the Isola Sacra
cemetery presented nonlocal first molar values. In my sampkb individuals from two
cemeteries at Rome, 16 individuals were nonlocal, for d t§ta9% of the population. There
is thus additional evidence that the population of Romeg tlke population of Portus, was
composed of people who were not born in the area. Prowse dledgoes further note that

the nonlocal individuals comprise a continuous rang&® values, leading them to conclude
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that people arrived at Portus from increasingly furthetatises. As shown in figure 9.8 above,
the majority of the nonlocal individuals at Portus presef® values lower than Rome, which
would indicate they likely came from the east and north, adadigher elevation than Rome.
Most of the nonlocals from Casal Bertone and Castellaccimjiarco, on the other hand,
present'®0 values higher than Rome, which indicate that they came fmeas to the south
of Italy, possibly the north coast of Africa. The Imperialripel represented the height of
Rome’s grain importation, which largely came from northigédr. It would stand to reason that
many grain merchants and traders from Africa passed thr&agtus and that some nonlocal
merchants might have been buried in the Isola Sacra cemekwwever, thej'®O values
seem to indicate that there were more short-distance inamigto Portus from locales to the
east and that there were more long-distance immigrants toeRicom locales to the south.
With more research into th#80 of humans and better equations relating tH®© of dental
enamel carbonate with that of drinking water, it would begilole to more precisely discuss the
differing homelands of individuals buried at Isola Sacrd ahCasal Bertone and Castellaccio
Europarco. Nevertheless, if more nonlocal individualgivat Portus came from areas with
lower 6**O than did people living at Rome, the mean of h&0 values at each site would be
affected.

The §'80 values from Portus presented by Prowse and colleagueg)(26tprise an in-
teresting data set with which to directly compare the resinim the Roman cemeteries of
Casal Bertone and Castellaccio Europarco. Although thaiyncthat their findings represent
evidence of immigration to Rome, there is little informattion the extent of mobility between
Portus and the city of Rome, which were separated by about2%lkrtus was a different city,
located directly on the Tyrrhenian coast, and thus was stibgea slightly different climate
than Rome. Vagaries in the climate and in the average didtl @asily contribute to a differ-
ence ind'80 values between the inhabitants of Portus and of Rome. erawd colleagues
did find, however, that there was no significant differendsvben males and females in terms

of 580 values, that there was quite a bit of subadult mobility, trad nearly one-third of the
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population likely originated somewhere other than Rome. aviglysis of5'*O values from
two Roman cemeteries similarly found significant subadwlbitity and a population in which
nearly one in three people hailed from elsewhere in the Eenpine differences between Por-
tus and Rome, however, indicate that more research needsdorie in order to understand
the variation ind'®O values that can occur at two geographically proximates shiith better
characterization of the isotopic composition of geologgtev sources, and the ancient diet,
it will become possible to more precisely understandii® values measured from ancient

human skeletal material.

9.7 Conclusions

In a sample of 55 individuals from two Imperial sites, 16 induals were found to be
nonlocal based of'®O values measured from dental enamel. Around 29% of the lolass
population from Casal Bertone and Castellaccio Europdhesefore, is assumed to have been
born somewhere other than the city of Rome. These nonlomlsadh male and female. They
were found in both the mausoleum and necropolis at periutizesal Bertone and at suburban
Castellaccio Europarco. Some individuals came to Romeréefdolescence. More people
relocated to Rome from Imperial provinces south of Italyt, &few likely came from areas to
the north. Many of these findings are in line with the studyrfrBortus, in which researchers
found no significant sex differences and a surprising nurabedividuals who immigrated as
children and adolescents. The cause of the difference isghwwle means and center of the
histograms between Portus and the Roman sites of Casaln@eatal Castellaccio Europarco
is unknown, but factors such as different diets, water sjrand homelands of immigrants
could be responsible. The differences between the Romaetske analyzed in this study and
those from Portus indicate that even neighboring populiatio the Roman Empire could vary
greatly. More research is thus needed in the area of oxygéopie analysis in order to better

understand mobility and migration throughout the Empire.
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Chapter 10

Synthesis of Migration to Rome

In this chapter, results of the strontium and oxygen isotoyayses are combined. An over-
lap in the separately calculated Roman ranges for each etgmnavides a more precise way
of identifying which individuals were local and which weretrthan does either strontium or
oxygen isotope analysis in isolation. Following identifioa of the nonlocal individuals, their
provisional homelands are narrowed down to geographicalés as specifically as possible.
The composition of the immigrant group is discussed in tesfrege, sex, and homeland, and
comparisons are made between the populations from Cadal@eand Castellaccio Europarco
and the few populations around the Mediterranean that hega tested for either strontium
or oxygen. Finally, additional research that will furtharrainderstanding of the immigrant

population at Rome is proposed.

10.1 Combining Mobility Methods

Answering questions about human mobility and migratiomgssotope analysis is a rel-
atively new practice. Most researchers elect to use eitlnentsum or oxygen isotopes to
investigate mobility, and they often choose the systemdageriteria such as the presence of
previously published baseline data, the geographicabregi question, and the cost of analy-

sis. The practice of using both strontium and oxygen isacp@ted with British researchers,



who for half a decade were the only ones publishing articteslining these two methods
(Budd et al., 2001, 2003b, 2004; Bentley et al., 2005; Evarad.£2006a,b). By the end of
the decade, combining isotope systems in order to bettearataohd ancient migrants surged in
popularity, with studies published from sites around theleoTiwanaku in Bolivia (Knudson
and Price, 2007), Germany (Bentley et al., 2008; Muldnealgt2009), North Africa (Bu-
zon and Bowen, 2010), West Africa and Barbados (Schroedal,62009), the Middle East
(Mitchell and Millard, 2009), Machu Picchu and Nasca in P@murner et al., 2009; Knudson
et al., 2009), and additional Roman-period sites in Eng(aedch et al., 2009; Chenery et al.,
2010).

The combination of strontium and oxygen isotope analyspariscularly useful in western
Europe. Oxygen isotopes on the continent vary east-to-amebtprovide a broad geographi-
cal scale on which to locate an individual immigrant (seeptéia9, figure 9.7). Pinpointing
a homeland is often difficult because of both fractionatimthie human body and the undif-
ferentiated swaths of meteoric water isotope gradientsth®mther hand, strontium isotopes
can uncover a more precise relationship between an indiigd his or her homeland be-
cause the element passes unfractionated into human tissukegause the geology of any
given geographical area is usually more differentiatedh tiine climate. Nevertheless, given
extremely complex geology, it can be more difficult to idgné local range for strontium than
for oxygen.

In Italy, oxygen isotopes measured from meteoric predipmavary in longitudinal bands
from the coast to the Apennines (see chapter 9, figure 9.63nimg people who came to
Rome from the east coast or from areas north and south of tee agast are likely to be
considered locals based 65O measurements alone. The geology of Italy is quite complex
in places, as the country is home to the Alps and Apennine tadunanges, hundreds of
kilometers of coastline, and several volcanic areas, iitiatido large pockets of rock such as
limestone, basalt, and travertine, all of which have datyndifferent strontium values. At a

macro scale, however, the strontium isotope ratios medstoen geology and water sources
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vary roughly north-to-south, particularly in regard to tleécanic complexes on the Tyrrhenian
coast. Because of the directional nature of variation irhlmtygen and strontium isotope
systems in western Europe, the combination of the two elemhanalyses can yield a more

precise picture of immigrants and their homelands.

10.2 Immigrants to Rome

The cemeteries in this study, Casal Bertone and Castadl&tooparco, are thought to have
been among the final resting places of Rome’s lower classésckfof material culture in the
simple graves means there are no tangible items that miditaite whether an individual was
local to Rome or immigrated to the Imperial capital from alkere. A few tantalizing bits
of evidence from historical documents and an oxygen isosipdy of people from nearby
Portus hint that there was significant mobility in the nonteatlasses. In order to maximize the
possibility of finding immigrants in the lower-class skelgbopulations from Imperial Rome,
chemical analysis of human remains was necessary. The natidn of strontium and oxygen

isotope analyses can help characterize the diversity adrthiient population of Rome.

10.2.1 Combined Sr and O Results

Figures 10.1 and 10.2 represent scatterplots of tf@ versus’” Srf%Sr measurements for
the 55 individuals from Casal Bertone and Castellaccio garco who could be subjected to
both isotope analyses. Given the local strontium range#ff® to 0.7103 for the city and the
suburbium(chapter 8) and the local oxygen range of 24.9 to 27 M\SMOW calculated from
modern Roman children (chapter 9), the box represents st@pproximation of the combined
strontium-oxygen isotope field in ancient Rome. Standardsueement errors 1= 0.12) for
5'80 are shown as whiskers on the symbol; standard measuremenoé&®’SrFSSr ratios
is within the symbol (z < 0.00001). Individuals who are outside the local range dfezit

strontium or oxygen are labeled for discussion below.
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Figure 10.1: Casal Bertor#éSrf%Sr ands'*O Measurements
Box represents the local range.

The results presented in figure 10.1 show that there weredrBaous individuals from the
Casal Bertone cemetery out of a sample population of 41, mgabout 37% of the population
came to Rome from elsewhere. Table 10.1 lists the indivaligintified as nonlocal to Casal
Bertone. There are two individuals whose strontium and ery@lues both indicate a nonlocal
origin: T24 and T36. Individuals whose strontium ratios @e@onlocal but whose oxygen
ratios were similar to Rome include T15, T8, and T72. Thogh Wioman strontium values
and nonlocal oxygen results include the group composed f Td0, T32, T33, F10C, F10D,
and F7B, as well as two additional individuals with dramaitic higher oxygen values, T39
and T70, and one individual with a lower oxygen value: T82A.

The results presented in figure 10.2 show that there were thdéviduals from the Castel-
laccio Europarco cemetery whose strontium or oxygen valegs outside of the local range.

As presented in chapter 9, figure 9.5, however, there is oditi@ubl individual whose&'*C,,,
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Figure 10.2: Castellaccio Europar&@®rF®Sr ands'®O Measurements
Box represents the local range.

value is significantly different than the mean. Strontiurd arygen isotope analyses are both
predicated on the idea that a person’s diet is the primaryribomor of elements incorporated
into the skeleton during ontogeny and development. As niotedapter 9, anomalous carbon
isotope values in dental enamel can be seen as evidence siimption of a nonlocal diet.
Additionally, one individual, ET76, presented a nonlodabstium ratio but was not tested for
oxygen. The total number of nonlocal individuals found as@Haccio Europarco is thus 5.
Out of the 14 individuals subjected to strontium, oxygenm eawrbon isotope analysis, however,
four can be considered nonlocal, meaning the sample populats composed of about 29%
immigrants to Rome. Table 10.2 lists all five individualsnr&Castellaccio Europarco whose
isotope values indicate they were born somewhere otherRbame. One individual, ET38, is
local based on oxygen results but nonlocal based on an eafiyefivergent strontium signa-

ture. Two additional people, ET27 and ET67, have local sitmamvalues but nonlocal oxygen

277



Skeleton Sex Age 87SrfSr 5180, §13C,, Possible Homeland(s)
(% VSMOW) (%o VPDB)

T8 I 6-10 0.710647 25.44 -10.91  Tuscany-Lazio

T70 I 6-10 0.708984 28.92 -12.62  North Africa
F10C I 6-10 0.708251 27.35 -10.42 Campania-Calabria

T72 | 11-15 0.707914  25.60 -11.91  Calabria-Sicily

T80 I 11-15 0.709064 27.14 -14.78  Greece, Cyprus, Asia Minor
T32 | 11-15 0.709178 27.37 -12.37  Greece, Cyprus, Asia Minor
T36 I 11-15 0.707191 28.46 -6.76 Egypt-Nubia
F10D | 11-15 0.709885 27.41 -12.05  Greece, Cyprus, Asia Minor
T39 PF 16-20 0.708206 28.80 -10.90 North Africa

F7B M 16-20 0.709457 27.79 -12.32  Greece, Cyprus, Asia Minor
T42 F 31-40 0.709280 27.19 -12.61  Greece, Cyprus, Asia Minor
T15 PM 31-40 0.713980 25.60 -12.32  Liguria
T82A F 41-50 0.708617 24.34 -12.82  Apennines

T33 M 41-50 0.708155 27.59 -12.74  Campania-Calabria

T24 M 51-60 0.707351 24.40 -10.87  Apennines

Table 10.1: Casal Bertone Immigrants
Figures in bold are anomalous.

Skeleton Sex Age 87SrfSr 5180, §13C,, Possible Homeland(s)
(%0 VSMOW) (%0 VPDB)
ET76 PM 11-15 0.710471 — — Tuscany-Lazio
ET67 | 11-15 0.709173 27.94 -12.45  Greece, Cyprus, Asia Minor
ET27 PM 16-20 0.709543 28.16 -12.09  Greece, Cyprus, Asia Minor
ET20 M  31-40 0.709631 25.33 -4.00 North Italian Coast
ET38 M 41-50 0.711934  25.69 -7.64  Liguria-Tuscany

Table 10.2: Castellaccio Europarco Immigrants
Figures in bold are anomalous.

isotope results. Two individuals, ET38 and ET20, preseatalous)'*C,, values, and ET76
has a nonlocal strontium value but was not subjected to oxigggope analysis.
In all, 19 of the 55 individuals whose first molars were tedtadstrontium, oxygen, and

carbon isotope analyses likely hailed from a geographialéoutside of the city and suburbs

1As noted in chapter 8, individuals ET72 and F12A had anonsadtnontium concentration values, which can
be the result of living on nonlocal geology. AdditionallylZA had a surprisingly lowi'3C,, value (chapter 6,
figure 6.6) for the Casal Bertone mausoleum population. &ihiis possible that these individuals’ seemingly
local strontium and oxygen values are actually represeatat a different coastal location, conservatively, in the
absence of statistical significance of at least one isotgpature, they need to be considered local to Rome. As
such, F12A and ET72 will not be further discussed as immigtakdditional work is needed to establish a range
of local strontium concentrations in Rome and to understanidtions in the Roman diet.
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of Rome. Over one-third (34.5%) of all individuals chemigadtudied made a journey to
the city of Rome sometime after the age of three. If the samppilations from periurban
Casal Bertone and suburban Castellaccio Europarco areseggative of other non-elite urban
burials, it stands to reason that well over one-third of thedr-class population of Imperial

Rome was not born there.

10.2.2 Identifying Migrants’ Origins

Because strontium and oxygen vary directionally on thédtgbeninsula, the combination
of the two isotope systems provides the best method for appating an immigrant’s place of
origin. Tables 10.1 and 10.2 present the possible regiomsrafgrants’ origin, and figure 10.3
is a graphical representation of their origins on a map oRbman Empire. The geographical
areas of origin for immigrants in Europe and North Africa bypothesized based on several
factors: 6'**O measurements from human remains; extrapolaté® based on climate and
elevation (chapter 9, figures 9.6 and 9.7)Srf%Sr isotope measurements from human and
animal remains; and extrapolat&®r/f°Sr ratios based on geological information (chapter 8,

figures 8.6 and 8.7, and the IGME 5000 (Asch 2005)).

Origins in Northern Peninsular Italy

Those individuals witf”SrF®Sr isotope ratios significantly higher than the Roman range
include T15, ET38, T8, and ET76. In general, higher strantualues are from older rock
(e.g., granite) and lower strontium values are from youmgek (e.g., magmic) (Faure and
Powell, 1972). The geology of the Italian peninsula inckidevariety of volcanic areas; higher
strontium values can be found in the northern part of thensera (Tuscan magmic area), while
lower values are found in Naples and in Sicily (see chapter 8 full discussion of the values
and references thereto). Three individuals whose strontiaiues are higher than Rome have
5'80 values within the local range, and one (ET76) was not staxjeio oxygen analysis. The

homelands of these three individuals are thus geogragbzkes along the coast characterized
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by older rock. Given the conservative assumption that maople were migrating to Rome
from within Italy, individuals ET38 and T8 likely came fromvalcanic area north of Rome,
within the Tuscany-Lazio region for T8 and the Liguria-Tasg region for ET38. T15 had the
most divergent strontium value in the entire analysis, y&tHO value falls within the local
Roman range. This individual is likely to have come to Ronoatia coastal area characterized
by older rock. The area of the Italian peninsula that besttliese criteria is the province
of Liguria, near present-day Genoa, whose pre-Alpine lonat characterized by Triassic-
Jurassic limestones and dolostones (Servizio Geologitalid, 2004). ET76 has a strontium
signature slightly higher than the Roman range and comgigfiéh an origin on younger rocks,
suggesting he came from a volcanic area just north of Ronteyele® Tuscany and Lazio.
Future oxygen isotope analysis of this individual's dermtiahmel might be able to confirm
a coastal origin. Finally, ET20 falls within the local ranfye both strontium and oxygen,
but hisé'*C,,, value is significantly more positive than the average forséw@ple population,
indicating greater than average consumption of eithgpl@nts or seafood. It is possible this
individual was simply fed large amounts of millet-basedrplge when his first molar was
forming, but they'3C,, results from the same individual's femur indicate atfased diet during
adolescence as well. Dietary behavior alone cannot ingliwhiere a person came from, but
two isotope studies of millet consumption in the classicatld/indicate that people who lived
north of Rome ate more millet than people from the south (sjuand Schoeninger, 1988;
Tafuri et al., 2009). The Cplants millet and sorghum are also found in Africa, and aaliet
study of ancient Egypt found enrichment of carbon isotopdsuiman skeletal remains from
that area (Dupras et al., 2001). ET20'$O value, however, is consistent with a peninsular,
coastal origin rather than a North African one, so his homela provisionally identified as an

area north of Rome.
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Origins in the Apennines

Those individuals withy'*O measurements lower than the local range of Rome include
T82A and T24. T24 is also divergent in his strontium valuegraas T82A is on the low end of
the local Roman range. As noted in chapter 9 and shown in figy6ré'®O values of meteoric
precipitation on the Italian peninsula get more negativi Wigher elevations. Conservatively,
then, these two individuals with significantly low&PO values than Rome likely came from
either the Alps or the Apennines. Strontium isotope valtesyever, are generally higher in
the north of Italy, as the Alps are composed of old metamarptgk. The Apennines, on the
other hand, are composed of Oligocene limestones and abl@gyrock (Servizio Geologico
d’ltalia, 2004). The low strontium ratios of T82A and T24 shrule out an Alpine origin,
as they are more consistent with Apenninic limestone. A nspeific homeland cannot be

identified, but these two individuals possibly hailed froomewhere in central Italy.

Origins in Southern Italy

South of Rome along the coast are the present-day provihGssapania (home to Naples),
Calabria (Italy’s toe), and Sicily. Three individuals hateontium values lower than or at the
low end of the Roman range: F10C, T33, and T72. Both F10C adpf@ent*O values
higher than the calculated local Roman range, whereas T¥afa0 value around the same
as Rome. As noted in chapter 8, the volcanic areas in Napl@oarSicily present lower
strontium values than does the volcanic area around Rome.piidvince of Calabria is less
well investigated in terms of strontium, but the geologitalp of Italy indicates a fair amount
of Upper Cretaceous limestone in the modern Parco Nazia@l€ilento e Vallo di Diano.
Although the geology of Puglia on the southeast coast of k#do presents young rock, the
5180 of average annual rainfall in cities such as Bari and Bsinidi actually a bit lower than
in Rome. Calabria, however, has slightly more positit® values than Rome, as th&O of
average rainfall increases from Salerno south to Palms therefore possible that F10C and

T33 came to Rome from the vicinity of Calabria. T72, on theeothand, presents a strontium
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ratio outside of the local Roman range with a seemingly Rod&@ value. The averag&®O

of the coast of Sicily is similar to Rome, and the strontiustape values measured from the
area around Mt. Etna are lower than at Rome. Additionallyytbung (Plio-Pleistocene) rock
on the southwestern part of the island, such as near Agogisrikely to have lower strontium
values than Rome. The provisional homeland of T72 is thesefonsistent with a location in

Sicily or along the coast of Calabria.

Origins in the East

A number of individuals presented strontium ratios arourtD92, the average value of
seawater, bui'®*O values around 27%, slightly higher than the average at Rome: T80, T32,
F10D, F7B, T42, ET67, and ET27. It is not unusual for a distiitn of 5**O values within
a population to have a tail on the positive end as a result ihigp evaporating, or brewing
dietary water (Daux et al., 2008), which enriches an indiait 'O value. The)'*C,, values
measured from these individuals’ teeth, however, are rferéifiit from the remainder of the
people tested for oxygen and carbon isotope analyses. ripidiféerences are still a possible
explanation for this cluster of slightly high&O values, but another explanation is that these
individuals came to Rome from a coastal area of the Empite slightly higher oxygen isotope
values.

Almost no strontium isotope analyses have been done on huemaains in regions that
historically were the origin of numerous immigrants, sustPannonia, Thrace, Syria, and Asia
Minor. There are, however, two published strontium studtie&reece, one of a Neandertal
from Lakonis, in the southern Greek Peloponnese (Richdrdk,2008), and one comparing
strontium ranges at Mycenae and Knossos (Nafplioti, 200@)the latter, individuals from
Knossos on Crete were found to have strontium ratios in thgaaf 0.7085-0.7092, while
in the former, the Neandertal had an average strontium memasunt of 0.7106. Greece has
relatively complex geology and strontium values close ®ringe of Rome. Nevertheless,

individuals living near the sea tend to inherit the stromtisignature of seawater, which can
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be pulled up or down by the geology and food and water soureagby, so the majority of
the individuals mentioned above likely grew up in a coastaha Turning to thé'80 values,
the north coast of Africa presents significantly high€O average annual precipitation values
than continental Europe. The coasts of Spain and Francernirkesver values than Rome, as
do the ancient provinces of Pannonia and Dalmatia along tirea#hc coast of Italy. Parts
of Greece, western Asia Minor, and Cyprus, however, pre$éax values slightly higher on
average than Rome (Bowen and Revenaugh, 2003).

In a study of human teeth from Frankish Corinth, Sandra @arak (2009) found a range
of 25.4 to 27.%. for the local group, which also had an averagtc,, value of -12.%,. Many
of the individuals mentioned above fall within the rangenfir@orinth, which is slightly higher
than the local range at Rome. Most of the individuals fromaC&ertone and Castellaccio
Europarco mentioned above also presert€,, values around -12%. A homeland of
Corinth or another coastal area of Greece with similar gggole not unreasonable for these
individuals. Other locations in the Empire with similar@sttium and oxygen values, however,
include western Asia Minor (near Ephesus) and southerni@yfmrear Akrotiri) (Asch, 2005;
Bowen and Revenaugh, 2003). Additional elemental analyseh as Pb, could help clarify
the origins of these individuals, as could additional sfiton and oxygen isotope work on

human skeletal remains from the eastern part of the Romanr&mp

Origins in Africa

Finally, there are three individuals wha$€0O measurements were significantly higher than
the local Roman population: T70, T39, and T36. It is extrgnuellikely that these individuals
were from the Italian peninsula. Additionally, the stramt ratios of T70 and T39 are within
the broad Roman range but are lower than the strontium vétuebe group with possible
origins in the east. Much of the north coast of Africa, frontieant Carthage to Egypt, is
composed of young rock dating to the late Cretaceous peasititetCenozoic era. Additionally,

average annual*®*O values from precipitation are higher in the north coast fsfca than in
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continental Europe and the Middle East.

Two bioarchaeological studies on human migration usiti¢p values have been done in
the area of Roman Egypt. Dupras and Schwarcz (2001) studitdduals from the Roman-
period site of Kellis in the Dakhleh Oasis in south-centrgygt and obtained a range of 24.3
to 31.6/%0, with an average of 28%. Prowse and colleagues (2007) analyzed a small sample
of individuals from the Greco-Roman site of Mendes in theeNilelta and got a range of
29.8 to 31.5%¢ with an average of 31%,. Neither group of researchers utilized strontium
isotopes, but Buzon (Buzon et al., 2007; Buzon and Bowern)R@asured both oxygen and
strontium isotope ratios of individuals from Tombos, a setmillennium BC site in ancient
Nubia (modern Sudan). Buzon and colleagues obtaii&d values of, for example, 295,
with a paired strontium value of 0.70712 (TOM-1) (Buzon arai@n, 2010, Table 1).

Individuals T70 and T39 have strontium and oxygen valuetsdbald place them anywhere
within the north coast of Africa, and theit*C,, values are within the range of the Roman diet.
T36, on the other hand, is the only individual in this studyost strontium, oxygen, and carbon
values were all divergent from the local range at Rome. Tgk barbon isotope value indicates
this individual was likely eating a lot of Oplants, and both millet and sorghum are grown in
Africa. It is therefore extremely likely that T36 was a lodgstance immigrant to Rome. All
three elements are consistent with an origin in northerncAfrand the low strontium ratio
indicates an inland rather than seaside origin. The isotiape for T36 are consistent with a

homeland in central Egypt or Nubia.

10.3 Discussion

10.3.1 Demographics of Immigrants

There is some patterning of the demographics of immigran®®ame. Out of the 20 in-

dividuals whose strontium, oxygen, and/or carbon measemésnwere identified as nonlocal,
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there were eight adult males, three adult females, and wnipadsilts. Of the sample popula-
tion of 55 individuals who were subjected to both strontiuma @xygen, 21.4% of females
were found to be nonlocal, 25.9% of males were nonlocal, d8P6 of subadults (individuals
younger than 15) were nonlocal. Of the 19 nonlocals who weabgested to both strontium and
oxygen isotope analysis, 15.8% were females, 36.8% weresyahd 47.4% were subadults.

Although there are more males than females in the nonlocalpgrthe difference is not
statistically significant based on a chi-square analygis£ 2.27,p = 0.13). In terms of
homelands, however, males are much more likely to have coomethe Italian peninsula than
females. A chi-square analysis between the number of mateemales from Italy, however,
is not quite statistically significanif = 3.57, p = 0.058). No males were found to have hailed
from northern Africa, but the sex ratio of individuals witastern origins is more or less equal.
Males are generally thought to have been more mobile in theierowing to occupations such
as merchant and soldier. The results from Casal Bertone ast&ccio Europarco, however,
clearly indicate that females were also mobile, although likely that they were less often
mobile than males.

For all individuals, a first molar was tested, the crown ofethis complete by about age 3.
It is therefore unclear when in life the male and female adtdime to Rome. Dietary evidence
presented in chapter 6 for ET20, however, seems to indibatetliis man either retained his
previous foodways or immigrated to Rome within the last feang before his death, as both
his§'*C,, taken from dental enamel ant?C,, taken from bone are significantly more positive
than the remainder of the population. Further discussidhisfindividual will be presented in
chapter 11.

The ages at death of subadult individuals, however, catstdterminus ante querfor
their arrival at Rome. Out of the three subadults tested fiwar0-5 age range, all were within
the local isotope limits of Rome. In the 6-10 age categorg €iildren were tested and three
of those (60%) were found to be nonlocal. Two of these weedytikom the Italian peninsula,

while one possibly originated in northern Africa. The adolent age category, 11-15, had six
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nonlocal individuals out of six sampled individuals, meani00% of the individuals tested in
this category were nonlocal. The possible homelands of thlese adolescents are also further
afield: one in Sicily, four in the east, and one in Africa. Italonine out of the 14 subadults
tested (64.3%) can be considered immigrants to Rome. Tistiie quite surprising given the
lack of information about subadult mobility in the Roman Erap

In their study at Portus, however, Prowse and colleague¥/(3f 518) found that a “sig-
nificant minority” of their immigrants came to Portus as dhén, by testing both first and
third molars from individuals age 12 and older. Prowse artikagues (ibid.) conclude that
“migrants to Portus were families, most obviously as cleidaccompanying their parents.”
In the Roman world, however, the age group that we consiadodpcally adolescent (11-15
years old) represents the age of majority, particularlyféonales. It is possible that younger
individuals were traveling to Rome, perhaps to apprent@ntoccupation or to find a spouse.
It is also possible that younger individuals were being ingato Rome as slaves. Without
additional information, however, about family relationshwithin a cemetery and about the
isotope composition of teeth that form at different ages itmpossible to conclude when in-
dividuals came to Rome, whether they came as individuals graat of a family, and what
brought them to the city. The relationship between immigstatus and disease load, which
could explain the abundance of nonlocal children in the ¢erggpopulation, will be further
detailed in chapter 11. The data from Casal Bertone and IGast® Europarco nevertheless
track well with Prowse and colleagues’ (2007) findings att&grin both cities, over 40% of

the immigrants came to the area as children/young adults.

10.3.2 Immigrants’ Homelands

Individuals identified as nonlocal by chemical analysesappo have come from the Ital-
ian peninsula as well as other areas of the Roman Empireugthpinpointing a geographical
location for a person’s homeland can be difficult and im@ecOn the Italian peninsula, most

of the immigrants presented®O ratios characteristic of the coast, while two likely camuanf
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the higher elevation of the Apennines. Six of the seven adtdm the peninsula were male,
and three of the 10 nonlocals from the peninsula were sutsadalthough the ratio is not

quite statistically significant, it would appear that malehitity within the Italian peninsula

was higher than female mobility. The approximate areas fwdrith people came to Rome
include locations within a few days’ walking distance fromrRe as well as locations that
would have required sea travel. ET20 and ET76 possibly thditem an area about 100 km
north of Rome, ET38 and T8 from about 200 km north of Rome,@RiIlOC and T33 possibly
hailed from Naples, around 200 km south of Rome. The longgauice immigrants from Italy

include T15, perhaps from an area 600 km to the north of RonmeT&2, about 600 km to the
south.

Those nonlocals whose isotope measurements place therdeoatghe Italian peninsula
likely hailed from coastal areas to the east and to the sdultaly. Of these long-distance
immigrants, there were two adult females, two adult maled, saix subadults. All of the in-
dividuals who died at Rome in the 11-15-year-old age rangeeca long way to Rome, with
most of them having come from geographical areas consigtiéimthe eastern Mediterranean
or northern Africa. The differences between the number ohignants from Italy and the
number from elsewhere in the Empire, however, are not Statily significant for any demo-
graphic group (for subadults> = 1.0,p = 0.32; for males,y? = 2.0,p = 0.16; and for
females,xy? = 0.33,p = 0.56).

With an immigrant population composed of 10 individualairthe Italian peninsula and
10 individuals from the larger Empire, it would appear thmatriigrants to Rome were equally
as likely to have come from areas within Italy as they weredaeehcome from other areas
of the Empire. Within Italy, the nonlocal individuals canrerh areas progressively further
from Rome, which is similar to the finding of Prowse and caliees (2007) at Portus. More
individuals buried at Rome than at Portus were found to hayleens'®O values, indicating a
larger percentage of immigrants coming to Rome from outisadg If the individuals sampled

at Casal Bertone and Castellaccio Europarco are repréisendthe Imperial population of
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Rome, a large percentage of the population is assumed tainaestaken a journey of 100 km

or more to the city.

10.4 Conclusions

The combination of strontium, oxygen, and carbon isotopesgnted above yielded 20
individuals identified as having grown up in an area outsid@a@me. Because of the lack of
previous strontium data, a local range at Rome was consexlyatonstructed in chapter 8
and thus identified few immigrants. It was possible to moueately estimate the local®O
range at Rome based on data from modern Roman teeth preseokegter 9, thereby adding
individuals to the nonlocal group. The lower-class urbad smburban populations of Impe-
rial Rome thus held significant percentages of immigrante drovisional homelands of these
nonlocal individuals are both within Italy and in the larganpire, namely the eastern Mediter-
ranean and northern Africa. People of both sexes travel®bioe, and several children came
to Rome before the age of majority. The finding that over dnettof the populations studied
hailed from areas outside of Rome is quite exciting becatigedack of historical information
on the mobility of various subaltern groups: the Roman loglasses, subadults, and females.
The relative percentages of nonlocals at Portus and at Roengrailar, indicating that both
cities were large draws for immigrants during the Empire,fdrmer because of its seaport and
the latter because of its status as capital of the Empireitibddlly, the immigrants at Portus
are thought to have been merchants, while the individualdieti from Rome are thought to
have been slaves and the free lower class. There was thusificaigt amount of mobility
among the non-elite in the area of Rome. It is not currentlysiae to identify push or pull
factors that could have encouraged the influx of immigram®dme. Any number of reasons,
from military service to slavery to job opportunities to mage, could engender the need for
mobility within the Empire.

Further work thus needs to be done on questions of migratidmaobility in the Empire,
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particularly in terms of strontium and oxygen isotope as&lyf populations from various lo-
cales, especially those from which there are abundantrigat@ecords of emigration. It was
not possible to undertake a statistical analysis of craptaomdata owing to the poor preser-
vation of most of the samples in this study, but both metrid aanmetric analysis (see ap-
pendix C) of skeletal populations from Rome and the Empirdctaid in a study of migration
on a broad, population-level scale. Testing the remainidgiduals who were not subjected
to oxygen isotope analysis could produce a better picturaafility within the Roman Em-
pire, as more individuals were found to be nonlocal based'®@ values than were found
based on the conservatively estimated strontium rangeall¥iniesting the third molars that
were gathered during data collection could aid in narrovdagn the age at which individuals
immigrated to Rome.

In the concluding chapters, | contextualize the identifrachigrants to Rome based on the
bioarchaeological data presented in Part Il of this worknifirities and differences between
immigrants and locals will be investigated in order to asselsether being an immigrant was
correlated with health problems, dietary differences,amia status. The skeletal populations
from Casal Bertone and Castellaccio Europarco, both imamigand local, contribute to a

characterization of life in both the periurban and suburarironments of Rome.
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Part IV

Friends, Romans, Countrymen
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Chapter 11

What Makes One Roman?

Based on historical records, scholars of ancient Rome havelwded that the population
of the Imperial capital was quite heterogeneous in natwgin large part to the diversity
of the slave population. In the previous chapters, | havelaily shown that there were for-
eigners at Rome and that they came from disparate areas Bhtpee. It is highly unlikely,
therefore, that every immigrant had the same experiencas aipiving at Rome. This chapter
demonstrates that the lives of immigrants, insofar as tbarbhaeological data obtained in
this study can indicate, were on the whole quite similar tusséhof locals. Further, the infor-
mation gleaned about immigrants is discussed with referém¢he importance of mobility in

contemporary models of urban Rome.
11.1 Immigrants’ Collective Experiences

Although immigrants came to Rome from all areas of the Emairé as slaves and free,
soldiers and civilians, families and individuals, it haseofbeen suggested, based on Roman
authors’ treatment of immigrants in the philological regothat their quality of life would
have been less than that of locals (Noy, 2000; Burmeist&QR00ther researchers, particu-
larly historical demographers, feel this assumption ieoable because of the lack of evidence
either way (Scheidel, 2005; Erdkamp, 2008). The study of ignamts to Portus by Prowse

and colleagues (2007) found that, collectively, many imrmamgs came to Portus as children



and adolescents. These researchers did not, howeverepimesumplications of age-related
immigration on the demographic make-up of the population did they provide comparisons
between the identified immigrants and the local populatiorihis section, | present all avail-
able information on demographics, disease, diet, and conuration for the populations of
immigrants and locals as defined in chapter 10, in order ttebahderstand the lifestyles of

these two groups of people at Rome.

11.1.1 Demographics

The demographic make-up of the immigrant population of Remet well known. Those
individuals for whom there is epigraphical evidence of fgrebirth are largely males who
served in the military. The remainder of the immigrant papioh — the women, children,
slaves, and civilian men — is virtually invisible to histor&lthough there is a general under-
representation of females in the bioarchaeological recrelatively even number of males,
females, and subadults were studied isotopically for thigegt. Therefore, it is possible to
compare the demographic profile of immigrants, which wasegmeed in chapter 10, section
10.3.1, versus that of the locals.

From the sample of Casal Bertone skeletons subjected tsbotitium and oxygen isotope
analysis, there were 30 individuals whose sex could be astitln 19 males and 11 females. Of
these, 3 females and 4 males were found to be immigrants. |IEgiaried at Casal Bertone
were therefore more likely to be immigrants than males, lugtresult could relate to sampling
bias or taphonomic processes. The difference is not stafligtsignificant. Among the adults
whose sex could be estimated, there were 23 locals and 7gasioneaning Romans outnum-
bered immigrants three to one. There were too few immigtariseak the sample population
into age categories more precise than adult and subadtdtebiingly, 8 of the 12 subadults
were found to be nonlocal, but only 7 of the 23 adults were igramts. Subadults from Casal
Bertone were therefore extremely likely to be identifiedramigrants, although the difference

is not statistically significant(= 0.07 for a Fisher’s exact test). Taking into account both age
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and sex, locals outnumber immigrants almost two to one.

At Castellaccio Europarco, there were no immigrant femfaesd of the 3 tested, whereas
4 of the 9 males tested were not born at Rome. This is an adiyigenall subsample of adults
whose sex could be estimated, with 8 locals and 4 immigranéd, tout at this site, locals
outnumber immigrants only two to one. When age is considehenle is an equal number of
locals and nonlocals among subadults, but there are maksltian immigrants among adults.
No statistically significant differences could be obtaifredn this sample. Taking into account
both age and sex, locals outnumber immigrants two to one.

Because of the small sample population, it is difficult to patterns in subgroups of age
and sex. When the immigrants and locals are pooled, howrEcomes clear that the for-
mer has a younger age-at-death than the latter, at 23 and<sgatively. That is, on average,
immigrants to Rome died younger than the local populationwéctailed t test of the mean
age-at-death for the two groups was statistically sigmti¢a= 2.79, p = 0.01). This differ-
ence could be explained in two ways. First, differential tality of immigrants could account
for the lower age at death. If immigrants were of sicklier stitmtions than locals, they would
succumb to diseases at younger ages, and if immigrantdlfepon arriving at Rome, their
deaths could be blamed on lack of resistance to new patho§eesnd, the age at which mi-
gration occurred could account for a lower age at death elftljority of immigrants came to
Rome as children or young adults, as indicated in the largpegstion of subadult immigrants
from Casal Bertone, the overall age structure of the groupldvbe skewed to the younger
range. Thus, even normal levels of mortality in this popatatould make it seem like more
young people were dying. Nevertheless, immigrants as gogran be expected to be older than
locals, as the former enter a population some time afteln.bAt this time, it is unclear if the
statistical difference in age at death between immigramtislacals was related to differential

mortality or to the age structure of the populations.
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In general, there are about twice as many locals at CasabmBednd Castellaccio Eu-
roparco as there are immigrants. Even given the small sartifgee are several male immi-
grants at Castellaccio Europarco. As this was probably ea af agricultural production,
it is possible these males moved (or were forced to move)datlburbiumin order to en-
gage in farm labor. Additionally, the large number of imnaigr subadults at Casal Bertone
is intriguing. This site was probably largely industrialdging by the presence of a massive
fullery/tannery. The historical record attests to slaveskmng as fullers (Bradley, 1994), and
frescoes from the Fullery of Veranius Ipseus at Pompeiicgmung and old working in Ro-
man fulleries. It is possible these children came to Rommn fetsewhere — through the slave
trade, with their families, or by themselves — and went tolkwnorthe cloth cleaning business.
Much more bioarchaeological data would be needed, howavsypport these explanations

based on contextual information.

11.1.2 Disease

With no access to modern medicine, ancient Romans would sis@imbed to diseases
easily treatable in contemporary times such as bacterattions and viruses, and people
would have died from conditions easily remedied with sugsuch as ruptured appendices,
breech-presentation babies, and comminuted fracturesddNet know, however, what the
differential mortality was for the upper versus lower cksssfor slaves versus free, or for
immigrants versus locals, as no large-scale studies haxaopisly been done to assess the
epidemiology of the Roman population. Chapter 5 presentgliencies of a variety of dis-
eases, osteological responses, and degenerative cosdigparent on the bones and teeth of
the individuals from Casal Bertone and Castellaccio Eunmmpa Compared to reports from
other Imperial period Roman cemeteries and secondargtiitex on the sanitation conditions
in the urban center, the individuals studied in this proyeete quite healthy, presenting lower
frequencies of nearly all pathological conditions.

It is assumed that slaves and immigrants were less healdyttieir elite counterparts,
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largely owing to differential access to foodstuffs and démind medical care (Noy, 2000;
Burmeister, 2000). By analyzing the indications of diseasehe skeletons of both immi-
grants and locals, it is possible to test the series of hygsath that immigrants and locals were

different with respect to the frequency of diseases withéirtpopulations.

# | OA Periostitis PH Trauma Congenital Tumors
CE Immigrants| 4 | 25 50 25 0 25 0
CE Locals 10| 20 60 10 10 20 0
CB Immigrants| 15| 13 20 20 13 0 0
CB Locals 26| 31 35 8 23 8 12
All Immigrants | 19 | 16 26 21 11 5 0
All Locals 36| 28 42 8 19 11 8

Table 11.1: Frequencies (%) of Skeletal Pathologies - Imamity versus Locals

The skeletal diseases observed included: osteoarth@#g, (periostitis, porotic hyper-
ostosis (PH), trauma, the congenital abnormality spinaldifand tumors. The number of
individuals studied and the frequencies with which the etiedlpathologies appear in the sub-
populations of immigrants and locals are presented in thblé. Categories in which locals
had higher frequencies of skeletal pathologies than imemigrinclude trauma at Castellaccio
Europarco and spina bifida and tumors at Casal Bertone. Bawam found on only one of the
14 individuals in the subsample from Castellaccio Europaso this difference is not repre-
sentative of a pattern of fracture. Two local individualsnfr Casal Bertone had spina bifida,
and two individuals had evidence of auditory exostoses,r@dgethe immigrant population
presented no evidence of either of these (non-deadly) tondi

In order to figure out whether the differences in diseaseukeagies between immigrants
and locals were statistically significant, a two-by-two ttogency table reflecting the number
of individuals who scored positively and negatively for aegi disease category was tested for
statistical significance using Fisher’s exact test. Compas of these diseases in the immi-
grant and local subpopulations of Casal Bertone did notyedny statistically significant

results, nor did comparisons of immigrants and locals framst€llaccio Europarco. Further,
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when the two sites were combined, the overall immigrant faimn was not statistically dif-
ferent in skeletal disease frequencies than the local Rgropalation. In spite of the greater
absolute number of local individuals with spina bifida, aodi exostoses, and trauma, there is

no evidence that immigrants suffered from skeletal diseashigher frequencies than locals.

# | Cavities Calculus Abscesses AMTL LEH
CE Immigrants| 4 50 100 25 50 20
CE Locals 8 62.5 100 62.5 37.5 125
CB Immigrants| 12| 41.7 83.3 25 25 16.7
CB Locals 23| 65.2 91.3 39.1 478 26.1
All Immigrants | 16 | 43.8 82.4 25 31.3 18.8
All Locals 31| 64.5 93.6 45.2 452 226

Table 11.2: Frequencies (%) of Dental Pathologies by ladiai - Immigrants versus Locals

In terms of dental disease, the categories tested includedus lesions, abscesses, and
linear enamel hypoplasias (LEH). Also analyzed were cakuind antemortem tooth loss.
Frequencies of the dental pathologies in the immigrant anodllpopulations are presented in
tables 11.2 and 11.8.Comparisons were run on the frequencies of these conditiotisin
the individuals in the populations (that is, number of stare with at least one incidence of
each condition) and in the teeth or sockets (that is, numiteeth or sockets with at least one
incidence of each condition).

Every individual studied from Castellaccio Europarco haahe amount of calculus present,
and the frequencies were high at Casal Bertone as well. largkrthe local population has
higher frequencies of all dental pathologies; that is, allowlividual is more likely to have ev-
idence of a dental disease than a nonlocal individual. USisiger’s exact test on a two-by-two
contingency table for each disease category, howevedeadato statistically significant differ-
ences between the immigrant and local populations at esikeeor when the subpopulations

from the two sites were combined.

1Al individuals in the age ranges of 0-5 and 6-10, howeveraiexcluded from this analysis because of the
lack of eruption of the permanent teeth.

297



# Teeth # Sockets Cavities Calculus Abscesses AMTL LEH
CE Immigrants| 117 126 9.4 42 1.6 3.2 5.1
CE Locals 189 230 5.8 49.7 3.5 6.1 1.6
CB Immigrants| 325 341 4.6 26.5 0.9 2.1 4.0
CB Locals 582 710 5.2 38.1 1.8 7.8 3.3
All Immigrants | 442 467 5.9 30.5 1.0 2.4 4.3
All Locals 771 940 5.3 41.0 2.2 7.3 2.9

Figures in bold are significant at the< 0.01 level.

Table 11.3: Frequencies of Dental Pathologies by Tooth -igremts versus Locals

When dental pathologies are calculated per tooth rathergkaindividual, a slightly dif-
ferent picture emerges. In general, the teeth or socketsoald are more likely to present
evidence of calculus, abscesses, and antemortem toothwbegeas the teeth of immigrants
are more likely to have linear enamel hypoplasias. Nevkatisemost of these differences are
not statistically significant when tested using Fisheraatxtest of a two-by-two contingency
table. The teeth of the local population at Casal Bertonejeler, presented a significantly
higher frequency of calculug (< 0.01) than the teeth of the immigrant population at that
site. Similarly, when the immigrants and locals from the sites were pooled, locals’ teeth
were more often affected by calculus than immigrants<{ 0.01). In terms of antemortem
tooth loss, locals from Casal Bertone again had a statilstitigher frequency than immigrants
(p < 0.01), and this significance carries over into the pooled local®a as well p < 0.01).

Surprisingly, then, the significantly higher frequenciéslental disease were found in the
local population. There are two likely explanations forstbbservation: differences in diet
and differences in age. First, a difference in dietary pcastor foods eaten could account for
the accrual of calculus on the teeth. A bit of calculus on #wh is expected in a population
without modern dental care, as plaque build-up is easy tagéthard to remove, and the
fact that 100% of the Castellaccio Europarco population dtalbast one tooth affected by
calculus supports this expectation. Excessive calcultBarmouth, however, could indicate
that the local population was eating something differerithdugh no statistically significant

differences were found between the diets of locals and imanig (see below), there is a vast
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range of foods that could contribute to calculus withoutgihg up in the carbon and nitrogen
isotope data. Dietary practices could also contribute teranrtem tooth loss, although a
higher prevalence of carious lesions ought to be expectdddrscenario.

Age is the second factor that could contribute to the difiees seen. As noted above, the
pooled local population is one age category older than theigrant population, with age-
at-death averages of 30 and 23, respectively. Calculus a&caretional process if one does
not take pains to remove it; antemortem tooth loss can beaenesi a degenerative process,
as carious lesions or periodontal disease can lead to alesctsat result in lost teeth. It is
entirely possible, then, that the significant differencedental disease between the local and
immigrant populations are related to the older average atieedocals rather than to diet.

In general, locals appear to have a slightly higher frequesfcall dental diseases, but
statistically, the immigrant and local populations areiEm There are too few females and
individuals of different age groups among the immigrantattempt a study of differences
in disease among subpopulations of immigrants versusdoddius, neither immigrants nor

locals appear to have been differentially affected by skkter dental diseases.

11.1.3 Burial Style

Burial ritual can be considered a phenomenon of the interalliral domain that is less
easily influenced by social pressure to conform than aspédtse external, public domain
(Burmeister, 2000). In particular, burial of marginal pegsuch as subadults, is more likely
to betray continued ties to a nonlocal culture, religionetimicity. The excavators of Casal
Bertone and Castellaccio Europarco recorded the typesra pmesent and any grave goods
found therein (Nanni and Maffei, 2004; Grandi and Pantaf0y2, which makes it possible to
assess differences between the burials of immigrants aadslo

At Castellaccio Europarco, there were basically two barsdlles: eithecappuccinaor
simple pit (noted asssentereferring to the absence of a covering). Of the locals, Sewer

simple pits and 1 wasappuccinawhereas there were 4 simple pits andappuccinaburial
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among the nonlocals. Interestingly, two local individy&3$18 and ET45, were buried prone,
which is in contrast to the vast majority of Imperial buri&sind to date (Buccellato et al.,
2008b). Both of these individuals were adults in their e2®g, one male and one female.
Although the excavators diagnosed ET45, the male, withrtubesis, there is no conclusive
evidence of it on the skeletal remains | examined. It is umkmwhy these two individuals, in
addition to a young child (ET31, figure 4.7b), were buriednaroln terms of grave goods, 5 of
the local burials had at least one object whereas 4 had nsgadoatsoever. Of the immigrants,
4 had at least one object whereas 2 had none. There is ndistdsgnificance to either the
burial styles or the number of grave goods, indicating buiiaal was not an area in which
alternate ethnic or cultural identities of immigrants tes@d#laccio Europarco were presented.

Casal Bertone consisted of two different burial contextsalaove-ground mausoleum and
a necropolis. Of the individuals from the mausoleum who wdremically tested, only one-
quarter (3 out of 12) were nonlocal, whereas nearly half efrtbcropolis population (12 out
of 30 individuals) were probably immigrants, but this diface is not statistically significant.
A variety of tomb styles existed in the necropolis, althotighhexcavators’ categories are a bit
unclear:cappuccinapiana(open);assentdabsent); unknown; anid anforaor enchytrismos
(in an amphora). There are basically equal numbers of l@alsnonlocals in the categories
piana assentgand unknown. However, theappuccinaburials are only found among the
locals in this subsample, and tireanfora burials are only found among nonlocals. An ex-
planation of this difference could be as simple as age: anaparials tended to be reserved
for children? andcappuccingburials are more often found among adults. The high number of
subadult immigrants at Casal Bertone and the comparatieelyyumber of adult immigrants
could be reflected in the burial style differences.

In terms of grave goods, the excavators of Casal Bertoreglltbie presence or absence of

2Practically, children’s bodies are smaller and can fit masilg into pottery vessels than adults’ bodies can.
It is also possible, though, that children were buried irtgrgtas an extension of the home and as an indication
of their role in the internal, private domain of the housédeatthan the adult, public domain. It has also been
suggested that amphorae burial represent a return to thé\{Becker, 1995).
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material culture in the burials of 27 locals and 13 nonlac&$ the locals, 19 had no grave
goods, and of the nonlocals, 9 had none. Individuals of bodkigs, then, were buried with
minimal offerings, with nearly 70% of graves completely dielof artifacts. The remaining
graves, 9 local and 4 nonlocal, had goods such as bronzeryelWwednze coins, glass, pottery,
and iron objects.

The only possible evidence of retention of a different aalktradition comes in the form
of the burial of individual T36, a teenager of about 15, aiihean amphora or covered by am-
phora pieces. Burying a nearly fully grown individual in anghora is contrary to the typical
pattern of amphora burial in Rome (Toynbee, 1971), aneémahytrismogurials of children
over the age of 7 have been found at Casal Bertone or Casiellgearoparco. Covering a
grave with amphora pieces, however, is also an atypicatipeaitom these two sites, although
a few examples of inhumations covered by large halved angghoan be found at the Isola
Sacra cemetery of Portus (Toynbee, 1971). As detailed hdl8& was a long-distance mi-
grant, perhaps from Africa, who came to Rome some time befes¢h. Commemoration is
indicative not of the dead person but of the person or peopteburied the dead. It is possible
that the individuals who buried T36 commemorated him or hehis way to pay homage to
a different burial tradition. This form of burial was not analous for the Roman world but
was usually reserved for a different age group. This act ahbis the only material evidence
in the bioarchaeological record of these two sites thatadtbalrelated to enaction of a foreign

burial custom.

11.1.4 Diet

Rome was a culture interested in social dining, yet sympastebanquets were generally
the purview of the elite. Most consumption of food was thislif done in the private domain
such as in the household and among family. Given similaritidood resources at sending and
receiving areas, it is possible that immigrants would retaeir learned foodways.

Chapter 6 showed both that the average diet was differemielest the two study sites
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Figure 11.1: Dietary Data for Immigrants and Locals

(section 6.4.1) and that several individuals’ diets chardyging the period between childhood
and death (section 6.4.4). Figure 11.1 shows that the dititimigrants consumed before
their death was very similar to the diet of people born in Rowmiéh the exception of ET20,
a male in his 30s, whos&?C value is quite enriched. There are no statistically sigaift
differences in the diets of the locals and nonlocals at ewhéhe two sites. Two-tailed t tests
of §13C.,, 4°N, §'3C,, (bone), andy'3C,, (enamel) of the immigrant and local subgroups at
each of the sites produced no significant results.

The surprisingly high carbon measurement of ET20, howedeserves consideration.
First, he might have continued to consume a large/\b@&sed diet after he arrived at Rome.
As noted in chapter 6, millet was known to have been growraily lind sold at Rome, so it is
likely that ET20 could have gotten access to the grain or tmals that were foddered on it.
In this scenario, ET20 either retained previous foodwayateran individualized, anomalous

diet, perhaps in response to a famine event (Garnsey, 1888nnd, ET20 could have arrived
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at Rome shortly before his death. In this case, even if he bgdrbconsuming a diet with a
carbon isotope value more typical of Rome, bone turnovehimgt have proceeded quickly
enough to yield a carbon signature consistent with the ldiedlat Rome. Unfortunately, bone
turnover rates are dependent on a huge variety of factots#mmot be precisely accounted
for, such as age, nutritional status, physical activity] diseases such as osteoporosis (Szulc
et al., 2000; Parfitt, 2008). It might be possible in the fatto test additional bones or teeth

from this individual in order to understand his dietary a#ion better.
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Figure 11.2: Enamel**C,, Measurements for Immigrants and Locals
Dashed lines indicate the upper and lower limits of the@nge at each site.

In comparing the pooled diets of all immigrants and all Iscebm Casal Bertone and
Castellaccio Europarco, there were no significant diffeesriné**C,,, *°N, or §**C,, from
bone, which indicates that the adult diet, as noted above,quée similar. However, a two-
tailed t test of§'*C,, measurements from the enamel of immigrants versus locadsstea

tistically significant { = 2.52,p = 0.02). This result indicates that the childhood diet of
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immigrants to Rome was significantly different than the @hdod diet of those individuals
who were born in Rome. Figure 11.2 clearly demonstrates thia¢reas the enamét*C,,
measurements of all of the locals are within tlerange for the site, the enamgfC,, mea-
surements of 5 of the 19 immigrants analyzed are outsidafdahge. These data suggest that
many immigrants to Rome came from geographical areas wiégrent food resources and/or
from cultures in which children consumed distinctly di#fat food resources than adults. The
majority of the individuals whose childhood diets differiedm the average Roman diet were
likely consuming a large quantity of,Gesources, either directly as millet or sorghum or in-
directly through consumption of the tissues (such as meanatk) of animals fed millet or
sorghum.

As indicated in section 6.4.4 and shown in figure 6.6, repcedihere as figure 11.3, three
of the immigrants whosé'*C,, was measured for both enamel and bone (ET38, F10C, and
T80) have bone values that are within the local Roman rangBuih immigrant, T36, has
a bone value that is close to the local range; it is possiliatidividual died before complete
bone turnover could show a local diet.

The carbon and nitrogen isotope data generated in this stddyate that there were four
individuals whose childhood diets were significantly diéfet from the local Roman diet; all of
these individuals were found to be immigrants through stwomand oxygen isotope analysis.
To my knowledge, no previous study has used carbon apatiéefrden both bone and enamel
to characterize changes in the immigrant diet, althougtoBuand colleagues (2010) discuss
§13C,, andd*®O data from immigrants in the Nasca region of Peru. One axfditimmigrant
(ET20) provided a&'3C,, enamel value significantly higher than the local adult diet, his
adult diet is unknown becausey@C,, value was not obtained from bone. On the whole, the
dietary data provide evidence that immigrants to Rome wagst ikely to adopt a local diet,
whether by choice or by necessity. There is no conclusiwdesde that any individual retained

past foodways that were significantly different than theld®oman tradition.
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Figure 11.3:4'3C,, of Bone Versug'3C,, of Enamel

11.2 Discussion

The average quality of life of immigrants to Rome appearsaweehbeen about the same
as that of locals, at least among the lower class individitalm Casal Bertone and Castel-
laccio Europarco. Demographically, immigrants of botheseand different age groups came
to Rome. At Casal Bertone in particular, female immigrantsiambered males and subadult
immigrants outhumbered adults. Migration and mobility &elearly not reserved for young
males, a conclusion that was similarly reached by Prowsecaltelgues’ (2007) oxygen iso-
tope analysis of migration to Portus. It is impossible th tebwever, whether people came to
Rome as individuals, with a family, or as slaves. Immigratdshave a statistically younger
average age-at-death than locals, but this differenceddogiirelated to the age at migration

rather than differential mortality. For example, young léglin their 20s and 30s are often
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more likely to move than older adults (Burmeister, 2000y slaves were often made of chil-
dren and reproductive-age females following war (BradlE394). These phenomena could
easily lower the average age of immigrants to Rome, whichrimwould yield a younger pop-
ulation of immigrants, many of whom would die at Rome. It iscpossible that the younger
age at death of immigrants relates to differential mostgtierhaps as a lack of acquired immu-
nities or genetic protection against endemic diseasesrbaps as a result of occupational or
interpersonal accidents. The influx of immigrants to Romestheeds to be considered when
assessing the age structure in demographic models of the cit

An analysis of the frequencies of skeletal and dental paties in the immigrant and local
populations shows few significant differences reflectinglemiological diversity of the two
groups. Differences between immigrants and locals coulg be found in frequencies of
calculus and antemortem tooth loss. These differences dmirelated to diet or to the fact
that the local population was, on average, older and thexdfad more years to acquire dental
decay. In terms of the bony skeleton, only easily observphtbologies were studied, and
many diseases would have caused death before becomingypath@ on bone. The lack of
many significant differences between these two populativerefore suggests that, insofar as
it is possible to tell from the skeleton, immigrants and lecauffered equally from the same
diseases. However, differential mortality based on qkitlkag diseases cannot be ruled out.

Burial style and grave goods can indicate status, gendericity, and other social aspects
of a person’s or a group’s persona. Very few of the burialsagaCBertone and Castellaccio
Europarco had grave goods, and no differences were fourkeimmount or kind of goods
present in immigrant versus local graves. In terms of bstide, at Casal Bertoneappuccina
burials were found only among locals, and amphora burialei@nd only among immi-
grants. It is possible that the locals were, on average, gidri status than the immigrants
becauseappuccinaburials represent more cost and effort than simple pit liridowever,
these differences could relate to age. As noted above, thépopulation was older on average

than the immigrant populatiomappuccingburials are more often found among older adults,

306



whereas amphora burials are more often found among subadihere is little evidence that
the immigrant population was buried or commemorated difidy than the local population.

The difference between the childhood diet of immigrants tredchildhood diet of locals
shows that the former is more enriched with respect to carbdicating greater consumption
of C, foods such as millet as children. However, there are no fgignit differences in the
adult diet to indicate that immigrants and locals were egtiifferent foods at Rome. Isotope
analysis is not a precise record of every food eaten, thamitjs possible that different foods
with similar isotopic signatures were consumed by the twautetions or that higher and lower
qualities of staple foods such as bread and olive oil werene@radley, 1994).

Overall, there is no evidence that the quality of life of ingnaints at Rome was worse than
that of locals. In fact, the only statistically significamisults indicate that locals had poorer
dental health than immigrants. It is not known whether theigrants came voluntarily or by
force, nor is it known if any of the locals wekernae(children born of slave women), but it
is likely that at least some of the identified immigrants waexes at some point in their lives.
Bioarchaeological and biochemical data do not capturertiesty of an individual’s lifestyle,
but it would appear that the collective immigrant expereeatRome was similar to that of the

local plebs urbana

11.3 Conclusions

This chapter has demonstrated that bioarchaeologicaysisaf human skeletal remains
can yield information about immigrants’ and locals’ lifg&ts in order to refute the longstand-
ing assumption that slaves and immigrants suffered disptiomately in the urban jungle that
was Imperial Rome. Further, the significantly lower average at death of immigrants has
striking implications for our current model of the demodrapcomposition of the city of
Rome. Comparisons of immigrants versus locals at Rome hatveeen done at this scale be-

fore, nor on a population of people traditionally ignorediistory: theplebs urbanaKnowing
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that the collective experiences of immigrants to Rome, nenyhom might have been slaves,
did not differ significantly from the experiences of the Ilscadicates that geographical origin

and sociolegal status likely contributed little to the dpyadf life of the Roman lower classes.
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Chapter 12

Writing Immigrant Histories

People are fascinated by stories of humans who lived longjadging by the extensive
media coverage of scientific discoveries relating to ardiemies. FromOtzi the Iceman
in Austria to King Tutankhamun in Egypt, these individualdies have been subjected to
all manner of scientific analysis in order to discover as maatails as possible about each
individual’s life. The popularity of forensic science ag@mainment in the U.S. provides an
avenue for researchers to capture the public’s attentidim aviy skeleton. It is unsurprising,
then, that recent publications on these famous men focus@manner of their deatl®tzi
suffered wounds inflicted by an assailant in the last few ddyss life, and King Tut might
have succumbed to malaria, his status no barrier to the bitieeolowly mosquito (Nerlich
et al., 2009; Hawass et al., 2010).

Past individuals whose lives and deaths are so meticulabsbnicled are generally either
elite like Tut or amazingly well-preserved bodies li&zi. Yet bioarchaeological research is
proceeding in all areas of the world, and few of us get to halgtories of the individual people
whose skeletons grace our lab tables day in and day out. titnaally, bioarchaeology as a
field is focused on a group of people, with the goal of undeditay the community in which
ancient people lived, whereas forensic anthropology fesas the modern individual in order
to identify that specific person’s skeletal remains and tstdad cause of death. The beauty

of bioarchaeology, though, is that, after the data have lseempiled to understand as much



group variation as possible, individual people can be nexed and stories can be written
about them. Roman history is unsurprisingly devoid of cbimasketches of the subaltern:
women, children, immigrants, slaves, and the poor. Thidyshas produced material evidence
of individuals who fall into one or more of these categorids. this chapter, | indulge in

biography of several immigrants to Rome, detailing theedias thoroughly as the data allow.

Whereas epigraphy depicts immigrants’ deaths, bioardbggalepicts their lives.

12.1 Kids from Afar

Immigrants to Rome were not just adult men and women. In thidys children were
found to have immigrated at 7 years old or younger, and a lpegeentage of the identified
immigrants were younger than 18 upon their deaths at Ronas ¢ould have come to Rome
as part of a family or as slaves; adolescents might have cerstudents or apprentices. The
skeletons of individuals T36 and T80 bring us closer to usideding what life may have been
like for immigrant adolescents and teenagers who came toeRoom other provinces of the

Empire.

T36 - Teenager from Africa

Skeleton T36 was found in the Casal Bertone necropolisetun or covered by a ceramic
amphora with no associated grave goods. Although the boees poorly preserved, enough
remained to estimate this person at about 14 to 16 years adadh, but sex could not be
assessed. A palaeopathological analysis of the skeletalins showed cribra orbitalia in the
left orbit (figure 12.1a). The large, coalescing pores oféiseon indicate that the bone had not
fully healed by the time of this individual’s death. The ridditeral clavicle presented evidence
of myostitis ossificans, possibly evidence of overuse ohjury to the shoulder, and there was
a small amount of periostitis on the right shin. The teeth 8 Were fairly good, which is to

be expected for a young adult; only minor calculus and sorpaig were evident.
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(a) Cribra orbitalia, left eye orbit (b) Inferior view of maxilla

Figure 12.1: Casal Bertone T36, (M?), 14-16 years old

With a strontium isotope ratio of 0.707191 and an oxygen mneasent of 28.4%,, one
strong possibility for the geographical homeland of thisniger is central Egypt to Nubia.
Further, the childhood'®C,, value of this person is -6.76, a measurement that indicates a
diet enriched in G foods. It is unfortunately impossible to tell from the datdhand exactly
when T36 immigrated to Rome, although further analysis efti¢hat form at different ages
could help narrow down the range. The carbon and nitrogeapscanalysis of the recent diet
of T36, however, indicates that this teenager stopped eoimgularge amounts of Cplants
before death. Thé'3C,, measurement from a section of midshaft femur is very close to
the two standard deviation range calculated for the CasdbBe necropolis but is still a bit
high. This teenager appears to have consumed vastly diffaraounts of ¢ foods between
childhood and several months or years before death. Whittiseshange in diet was voluntary
or compulsory is, of course, unknown.

The life history of the teenager known in this study as T36tstaith a childhood spent
in inland northeastern Africa. As a kid, T36 ate a lot of ntjllgorghum, or animal products
from livestock foddered on those grains. A nutritional deficy or infection during childhood
caused an anemic reaction sufficient to induce bony changés iskull. During adolescence,
T36 ate less millet, and his or her diet was very similar toaberage at Rome, suggesting the
change in diet was related to the change in geographicdidmcaShortly before death, T36

suffered minor trauma to the limbs. The person or people whi@8 T36 chose as a covering
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(a) Skull, norma frontalis (b) Superior view of mandible

Figure 12.2: Casal Bertone T80, about 12 years old

an amphora, which is usually reserved for Roman childrereuh@. They buried this teenager
near a woman in her 40s, a man in his 30s, and a 5-year-old doitee of whom have similar

isotope ratios that might suggest a familial relationship.

T80 - Adolescent from the East

The bones of T80 tell a different story. This adolescentuali@ years old at death, was
found in a simple pit grave in the Casal Bertone necropolislatRely complete and well-
preserved (figure 12.2a), the skeleton gave few clues ab@ititlolescent’s health. Aside
from a small amount of calculus on the anterior teeth and p icha molar, dental health is
normal for an individual of this age (figure 12.2b). Similathe only skeletal anomaly was
the presence of a rhomboid fossa on each clavicle.

This individual’s strontium value of 0.709064 is evidendeacchildhood spent near the
coast; the oxygen value of 27 %4 however, is slightly higher than is normally found in Italy

and is more in line with values seen in further eastern arédaseoMediterranean such as
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Greece, Cyprus, or Asia Minor. T80 was the only individuahfr Casal Bertone to present a
significantly lower§*C,, enamel value, indicating a childhood diet composed of mgrerC
terrestrial foodstuffs than typically seen in Rome. Theé®iC,, value, however, is in line
with that of other Romans, as are the carbon and nitrogeopsoheasurements from collagen,
indicating a change to a Roman-style diet before death.

The 12-year-old known as T80 might have arrived in Rome Valg a childhood in an-
other coastal area of the Mediterranean in which the granswmed was primarily wheat
and/or barley. T80’s dietary pattern changed in late cloitith possibly upon arriving at Rome,
incorporating more ¢foods such as millet. Good dental health and only minor mtihais of
skeletal anomalies suggest that T80 was not subjected $b paysical conditions for most of
his or her life. This adolescent did die young; cause of deathd have been any of a variety
of factors such as starvation, accident, infection, orysdion. A simple burial in a pit with no

grave goods marked the final resting place of this adolescent

12.2 Apenninic Adults

Immigrants to Rome likely came from all over the Italian penila in addition to the
provinces, yet little is known about migration and movemeithin Italy. The skeletons of
T24 and T82A provide a window into the lives of both male anthdée emigrants from the

Apennines.

T24 - Old man from the Apennines

A man in his 50s was buried a simple grave in the Casal Bertensopolis and excavated
as T24. As an older individual in a population with a shor léxpectancy, T24 presented
normal degenerative changes of the skeleton: numerous dfitesteoarthritis. He stood at
perhaps 175 cm (5'9”), a bit taller than the average male. Ise laad what appears to be a

healed fracture of the right fifth metacarpal (figure 12.3hlthough some amount of dental
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(a) Anterior view of maxilla, showing calculus, chippingnca (b) Medial view of fifth metacarpals
unusual wear pattern

Figure 12.3: Casal Bertone T24, M, 51-60 years old

issues are to be expected with advancing age in a societypngtimodern dental care, this
man’s jaw had a high frequency of antemortem tooth loss,ess&s, calculus, chipping, and
tooth wear (figure 12.3a).

With strontium and oxygen measurements of 0.707351 an®%4..#espectively, this older
man was likely born east of Rome, perhaps in the Apenninesi'*8,, enamel value of
-10.8% is a bit more enriched than the average at Rome, but the carmbnitrogen isotope
measurements of T24’s adult diet indicate a consumptiorepasimilar to that of local Ro-
mans. There is thus no evidence that the diet of this olderahanged significantly between
childhood and the years before his death.

T24 was likely born in an area with slightly higher elevatimmd different geology than
Rome, yet one that provided him with a childhood diet simidalnis adult diet. At some point
in his life, he moved to Rome, but nothing in his skeleton aiddundicates the timing of this
immigration. His skeleton betrays the passing of time arsbiidy a life of physical activity,
as his lower back and legs in particular were affected byriigh He broke the bone on the
outside of his right palm, possibly during a hand-to-hartdrahtion, many years before his
death. The pattern of disease and wear on the upper teethdo&i@ osteoarthritis of his
temporomandibular joint suggest the repetitive use ofdugsjin a function other than or in

addition to regular chewing. Perhaps T24 used his teethawsl in service of an occupation
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(a) Lateral view of right mandible (b) Lateral view of right maxilla

Figure 12.4: Casal Bertone T82A, F, 40-45 years old

like leatherworking. This man lived a comparatively lonig land was buried in a simple pit

with no discernible grave goods.

T82A - Middle-aged female from the Apennines

T82A represents the skeleton of a female in her early 40s ftwennecropolis context
of Casal Bertone. Excavators found five hair pins and a fragroéa bronze ring in her
simple grave, making her burial more richly endowed thantrfrosn this site. Her skeleton
was fairly well preserved and mostly complete, althoughegfiagmented, and long bone
measurements put her living stature around 160 cm (5’'3"gvamnage height for females from
these populations. No significant pathologies were noteaeoiskeleton; her dental health, on
the other hand, was quite poor. Her teeth were plagued byssixeecarious lesions, at least
one abscess, calculus, periodontal disease, and chigigng(12.4).

Although the strontium value of T82A is within the range ofR® it is on the low end
at 0.708617, and the oxygen measurement of 24.8lsimilarly low. Both of these indicate
an origin in a higher altitude to the east, probably the Apeesm Thes'*C,, enamel value

indicates a childhood diet of foods with mostly €ignatures, such as wheat and barley. Her
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adult diet was extremely similar in terms of carbon, asHé€,, bone value is, within mea-
surement error, the same as her enamel value. The adultfdi82a is similar to that of the

average Roman diet it3C but quite a bit lower (less enriched)df’N, likely indicating less

consumption of fish and greater consumption of legumes.

T82A was probably born in the central region of the Italiamipsula. This woman does
not seem to have performed significant amounts of physibalrlan her lifetime nor to have
been chronically ill. She likely consumed wheat and barlegrdy childhood and as an adult,
but in the later years of her life, she ate less fish and morenkeg than most of the individuals
buried at Rome. For such a seemingly healthy skeleton, T&&RAdurprisingly poor dental
health. Numerous carious lesions in the molars and presoigght have resulted from eating
sticky, sugary foods such as dried fruits, and rampant gerital disease indicates a probable
inflammation of the gum tissue (gingivitis) during life. Bhivoman may even have had bad
breath, as the oral bacteria that lead to gingivitis andties/can also cause chronic halitosis.
T82A appears to have lived a relatively comfortable lifej ahe was buried with several bronze
jewelry items, both of which possibly indicate higher ssthian the other immigrants identified
in this study. Her simple, unmarked grave, however, in no eieigrentiated her from the other

occupants of the necropolis.

12.3 Northern Men

There seems to be no evidence of immigrants coming to Rome d&reas in the western
part of the Empire, but several people likely journeyed toriedrom points north and south.
Of these, the most information is available on individualsTand ET38, adult males who

likely arrived at Rome from the north.
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(a) Skull, norma frontalis (b) Left humerus and radius showing defor-
mation of capitulum

Figure 12.5: Casal Bertone T15, PM, 31-40 years old

T15 - Middle-aged man from Northwestern Italy-Southeasten France

The well-preserved, largely complete skeleton of T15 wasdbin the necropolis of Casal
Bertone. This male, who attained a height of perhaps 170 ¢m)(%lied in his 30s and was
buried in a simple pit grave with no offerings. This man’s @ealth is a bit worse than
would be expected for someone of his age, with evidence ofiausalesion and antemortem
tooth loss of a pair of molars, in addition to calculus angpimg (figure 12.5a). Unsurprising
was the evidence of osteoarthritis to the left acetabuludhfamur and disc herniation in the
lower thoracic spine. This man’s left humerus had a curieferity of the capitulum and
corresponding radial head, possibly secondary to traumgar€il2.5b).

At 0.713980, this man’s strontium isotope value was by farhighest of any individual
tested. T15’s oxygen signature, however, is consistetit thié coast of Italy at 25.60, mak-
ing his likely homeland the far northwestern coast of Itatysoutheastern coast of France,

somewhere between Genoa and Nice. Unfortunately, bone Titnwas not analyzed for

317



adult diet. A¢'3C,, enamel value of -12% puts the carbon portion of the childhood diet of
T15 within the range of the local Roman diet.

T15 was therefore born in an area far north of Rome, likelyh@lthe coast. This man
developed arthritis during the course of his life, partlyl in his left hip and lower back, and
seems to have suffered trauma to the outer part of his leftredis well. The left-sided pattern
of injury is inconclusive, as it could be related to lefteiddominance (leading with the left)
or to left-sided weakness (and therefore more injury-paméhat side). Without dietary data,
it is unclear if this man’s greater than average tooth wedrdantal pathologies were related
to the food he ate. There is no evidence of when in his life hgraied to Rome. T15 was

buried in a simple grave with no apparent offerings.

ET38 - Middle-aged man from Tuscany-Liguria

The clearest immigrant buried in the Castellaccio Eurapawecropolis is ET38, a male
who died in his 40s. His skeleton was largely complete anémkbcpreserved considering the
condition of many of the remains from this site (see appeBjixHe was a man of average
height, standing perhaps 170 cm (5'7”), and was buried inrgokd grave with a bronze coin
found near his pelvis. In terms of skeletal pathology, ETB3%pnted normal age-related de-
generation of the bones of the lower back, hip joints, andkeée joint, as well as bilateral
rhomboid fossae. His dental health was decent, with sonmpiig and calculus apparent on
the anterior mandible (figure 12.6).

The strontium signature of ET38, 0.711934, is quite high pared to that of the local
Roman range, and the oxygen value of 25%6thdicates a coastal location in Italy, putting
this individual’s homeland north of Rome, perhaps in thespree of Tuscany or Liguria. This
man’s childhood diet, as indicated by the enriched valueothameb'3C,,, involved more
C, foods than the typical Roman child’s diet. His adult diet wathin the range of the local
Roman population, as was hi§’C,,, bone value.

As a child, ET38 grew up in an area several hundred kilometerth of Rome, eating a
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(a) Skull, norma frontalis (b) Superior view of mandible

Figure 12.6: Castellaccio Europarco ET38, M, 41-50 yeats ol

diet composed of large amounts of millet or products frormedé that ate millet. This man
appears to have had a lifestyle of moderate activity, andaldebletter dental health than most
people in this population. His adult diet changed followmaigildhood and was in line with that
of the average at Rome, as well as with the pattern of Castédd&uroparco, which included
a diet enriched in carbon. That is, the diet of ET38 indicagspent the last several years of
his life eating food similar to the people at Castellacciodparco but different than the people
of Casal Bertone. ET38 was buried in the Rorsaburbiunmin a simple grave, the bronze coin
likely related to the custom of burying the dead with an olmalhe mouth to pay Charon for

ferry to the afterlife.

12.4 Conclusion

The vast majority of the population of the Roman Empire wagnmentioned in historical
records and left no archaeological traces. Notice is fina#ing paid to the poor, slaves,
women, and children in one of the largest societies in theapoern world. Whereas chapter 11

outlined the ways in which the experiences of immigrants ¢ were both similar to and
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different from the experiences of locals, this chapter lrasgnted detailed information about
a select few immigrants, situating each of them within thetext of the entire population.
With the increasing popularity of chemical analyses of harbhane and enamel to learn
more about individual humans who lived in the past, it becopussible to both assess a popu-
lation and refocus bioarchaeological analysis at the lefgie individual to answer questions
beyond demographics. Within the traditional bioarchagiolal context of the group or com-
munity, we can start to make sense of the individual immigsdifie experiences, constructed
identity, and patterns of mobility. The skeleton, in post@ssual approaches to the body in
osteology, is a material record of “[social] relations betwn that person and others created
through the constant alteration of skeletal structureskamm composition from the moment
of conception until death” (Sofaer, 2006, p. 78). Biocheah@nd osteological analyses of
bone therefore serve to elucidate relationships and estathe dynamics of human interac-
tion. Additional analyses could add to the stories abowstirtg teeth that form at different ages
provides a way of seeing mobility within an individual’sdtime, and DNA analysis can find
relatives within the cemeteries or affinities with popudas from other areas of the Empire.
Immigrants to Rome moved between and among geographicad,aseciolegal statuses,
and communities at their homeland and destination. Theishail biographies above demon-
strate that different people had different experienceg. lifé histories written on the bodies of
awoman from the Apennines, a teenager from Africa, and a noam the foothills of the Alps
tell distinct stories and help us understand the past frap#rspective of an individual who
was a lot like us. There was no singular immigrant experiencene category of people was
more likely to immigrate, no two skeletons’ biochemical pedies were exactly alike. Some
of these people likely came to Rome via the slave trade, wdihers might have moved to
Rome voluntarily. With a spectrum of skin colors and a ranfyacoents, they came to Rome
hoping for a new beginning or resigned to a life of servituddthough we cannot recover
every intention, every action, every minute detail, eutogg these immigrants makes Roman

history and the Imperial landscape inescapably corporeal.
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Chapter 13

Cosmopolitan Rome

The city of Rome in the Imperial period was composed of a patpar of both sexes, differ-
ent age ranges, and disparate geographical origins. Ttawueism, immigration, and slavery
were important to the creation and maintenance of Romaregoall of these phenomena
brought people to Rome from nearby rural areas and from titieefst reaches of the Empire.
The heterogeneous nature of this massive urban center Bagibenonstrated through histor-
ical texts, epigraphical inscriptions, and archaeoldgiemains. Yet all of these data sources
privilege elite males, allowing us only small glimpses itib@ worlds of women, children,
slaves, and thplebs Through an analysis of skeletal remains, this study hasibated to our
understanding of Roman history and society by peoplingahddcape with mobile individu-
als.

In this concluding chapter, | review the data and summarigenterpretations regarding
migration to and mobility in Imperial Rome. The informatigteaned from human skeletal
remains is used to reassess the model of urban Rome, paryaul terms of the bidirectional
relationship between the city and the immigrant. Finakyesal new research streams are sug-
gested for further study of immigrants in the Roman Empitégint of anthropological theories
of migration. This project has opened up iimbds and suburbiumof Rome to a multitude of
guestions about migration and mobility, but many more lmbaeological analyses of Roman

skeletons are necessary in order to better understand tilve rodi life in cosmopolitan Rome.



13.1 Migrants in Rome

In chapter 2, | defined movement in the Roman Empire with esfee to both geographical
space and length of residence. This study has generateddhedincrete data of individuals
who were not born at Rome, but it is easiest to see those thdails who were strikingly
different from the locals. | refer to these individuals asrigrants because they likely came
from distances hundreds if not thousands of kilometers fRome and because their deaths
at Rome imply recent residence there. Identification of ignamts’ homelands, however, was
necessarily conservative; with few data on the bioavditsmf strontium and the large swaths
of oxygen isopleths across the Italian peninsula, geograpbrigins of immigrants are little
more than approximations. Nevertheless, statisticafjgificant differences in strontium and
oxygen isotope ratios were obtained, indicating immigsarame to Rome from areas of the
Empire vastly different in geology and climate. No evidenees found to suggest people came
to Italy from the west, but there are indications that migrafrom areas north, south, and east
of Rome occurred.

Immigrants to Rome were demographically a diverse groupletand females are both
represented in the immigrant population, and children amgas seven came to Rome from
elsewhere. Movement to Rome was therefore not the exclakiveain of men. Whether
women and children immigrated individually or as part of dev@aded family is unclear, as
there was no patterning of immigrants within either cemetersuggest family groups. The
immigrant population had an overall younger average agesathdcompared with the local
population, suggesting either differential mortality wfmigrants at younger ages or migration
to Rome occurring at a young age in general. Future bioch@miadies of human skeletal
remains could contribute to our understanding of the deapgcs of immigrants, and DNA
analysis could isolate family groups.

Investigation of the epidemiology of the immigrant popidats limited by the osteological
evidence: not all diseases produce characteristic lesioh®ne, and many infectious diseases

would have killed their host before bone involvement ocedrmMMost of the disease processes
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seen on bone are thus indicative of long-term or recurrisgds rather than proximal cause
of death. Although it has been suggested that Imperial Romédahave had a disease ecol-
ogy similar to many 20th century third world countries, withquent plagues of smallpox and
endemic malaria, no concrete evidence of these diseasefowas on either the immigrant
or local populations to indicate mass epidemics or diffeaésusceptibility to disease. It has
also been suggested that immigrants, slaves, and the |¢agsr might have been at increased
risk of contracting a variety of diseases because of a la@cagtiired or genetic resistance or
because of their tendency to live in areas of Rome with pooitatton and high population
density. The only significant differences discovered betwienmigrants and locals in terms of
disease relate to higher frequencies of calculus and amtemadooth loss in the latter. Both of
these dental issues could be related to dietary differeheekthe locals eaten more sticky, sug-
ary, or cariogenic foods, they could be at higher risk foredeping pathologies related to the
accumulation of food and bacteria on the teeth. Much mord&vweganeeded, therefore, in terms
of characterizing the disease load of the population of ap&ome. Previously published
studies of human skeletal remains in the Rorsalnurbiumusually note frequencies of carious
lesions, linear enamel hypoplasias, and porotic hypesastand sometimes note pathologies
such as trauma, osteoarthritis, osteomyelitis, and pérgodn light of the available compara-
tive evidence, on the whole, individuals from both Casalt@&®e and Castellaccio Europarco
are significantly healthier than individuals from everyatpublished cemetery in the Imperial
Romansuburbium The lack of large-scale studies of the palaeopathologyamh&h skeletal
remains, however, needs to be remedied in order to situdteilnonigrants and locals within
the context of the disease ecology of Rome and Lazio.

Historical evidence implies that the elite ate a vast rangkigh-quality foods, often in
large quantities, that slaves were given substandard gralrolive oil, and that the rural poor
supplemented their meager diets with local resources atictiaeé occasional luxury item pur-
chased at market. A dietary study of a subsample of the skedetssessed in this project was

accomplished in order to investigate whether immigrargsabstantially different foods than
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the locals and to determine if people at Rome ate the sameaslipeople from other areas
of Lazio. Biochemical analyses of the carbon and nitrogetojses inherent in skeletal tissue
showed no significant differences between the diets of tineigrant group and the local group.
However, the carbon portion of the diet as measured fromatlapttite was significantly dif-
ferent between the immigrants and the locals, suggestwveraammigrants had a strikingly
divergent diet as children, likely the result of growing upanother geographical area with
alternate food resources. Comparisons of diet betweemihsites showed differences in the
carbon and nitrogen components, indicating people irsthrirbiumwere probably consum-
ing more legumes and millet, while people near the city werttng more fish. All of these
values, however, were within the range of diets seen at aikes in the Romasuburbium
There was no single Roman diet, but it is currently uncle#lrefe is patterning in the dietary
variation based on age, gender, social status, legal stggagraphical origin, religion, or other
categories.

Those individuals identified as migrants to Imperial Romesthad a similar quality of life
as individuals who were born at Rome. The reason for thislaini however, is currently
unknown because we do not know precisely what constitutedhamigrant in Rome. If the
Empire was composed of people who spoke and understood hatmwere familiar with the
culture of the capital through circulation of the materialppings of Empire, who came into
regular contact with travelers and foreigners, and who @bel$ that were imported to Rome
and redistributed, the concept of an immigrant as someore exbhanges one geographi-
cal and cultural context for another would need to be redéfineuch in the same way that
transnational migrants have been reconceived in a glazhliorid. It is imperative, therefore,
to assess migration at all levels in the Roman Empire in daleetter understand the epidemi-
ology and demography of the capital but also to proceed witttér questions about ethnicity

and identity of theplebsas outlined below.
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13.2 Migration in the Model of Urban Rome

Migration to Rome was necessary lest the city turn into aamnidraveyard where emigra-
tion and mortality exceeded the birth rate. The incorporatf immigrants into the fabric of
the city was therefore of utmost importance to its demogragtharacter. This much has been
recognized by historical demographers, who study epitapldsforeign census data to model
the population of Rome. Migrants dramatically changed iheaf Rome, but the city also
changed them. Contemporary anthropologists interestedgration focus on transnational-
ism, the idea that there is an articulation between home armhd, that immigrants are in
essence human links between the populations and geogsagtiies origin and of the destina-
tion. Transnational theories are concerned with both th&idual and the structure, making
them an ideal concept for framing questions about the cifgyarhe.

The immigrant — and the cultural and geographical contexhefimmigrant's home —
contributed to the structure of the Imperial urban centeangrily through demographics and
disease. The age, sex, and origin of immigrants added tcetieedgeneity of the Roman popu-
lace, forming a polyethnic society. Because all burialktplace outside the city, no evidence
has been found to indicate the presence of either polyetrmeonoethnic neighborhoods in
Rome itself. Future research could help illuminate the cositon of the Romarvici and
demonstrate whether these social conditions had repérosdsr their residents. Immigrants
to Rome undoubtedly brought with them invisible pathogeMany of these disease agents
would have circulated harmlessly in the Roman populatiom neany produced plagues with
high mortality. Some immigrants carried genetic advardagel resistance to endemic diseases
from their own populations. The contribution of immigratdshe epidemiology of Rome, both
good and bad, deserves more consideration, particulanmy the bioarchaeological record.

The urban center also directly affected the lives of immggasubjecting them to envi-
ronmental, economic, and social stress. With tremendopslaton density, the city of Rome
and itssuburbiumconstituted a reservoir of all manner of disease. Peopldynassived at

Rome were greeted not just by local people but also by lodhlogens. Those not immune
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and with constitutions compromised from the journey woubd imave lasted very long. The
bioarchaeological record, however, cannot show us sqtgiindy conditions nor the ravages
that deadly diseases such as typhoid wreaked opl#ies urbanaMany immigrants to Rome
in the early Empire were not citizens, leaving them open fouésion in times of economic
crisis. The grain supply to Rome was also affected in tradiblees, and the lower classes in
particular likely supplemented their diets with any noaditional food resources they could
find in the local area. Famine probably affected immigramis #e lower classes far more
severely than it did the upper class, meaning the economdashgos in the city of Rome cre-
ated significant stress on tipdebs The osteological record does not provide information on
conditions of unemployment or slavery, both of which aféebeconomic conditions in the city.
The heterogeneous lower class population of Imperial Ravirgglin cramped quarters almost
certainly created conditions of social stress. Interpsasgiolence occurred, again affecting
the plebsmore than the privileged elite. Most instances of socialess however, are lost to
archaeology. We are told, for example, that the emperorii8efg Severus spoke Latin with
an accent, but we do not know how lower-class immigrants naa Ibeen treated. Were they
shunned for being different? Harassed because of theiaag@pee? Mocked for their manner
of speaking?

The character of the city of Rome affected the lives of immaings, yet the characteristics
of immigrants affected the composition of the city of Romeuring the late Republic and
early Empire in particular, Rome was dependent on its imamty, most of whom came as
slaves, and the urban environment cannot be understoodwritheir genetic, cultural, and
social contributions. Trying to make sense of the city-igrant relationship requires a sort of
hermeneutic process: the city is understood with referemite individual immigrants, and the
individual immigrants are understood with reference toditg Attempts to discuss the city
and its immigrants are therefore contextual, reliant onctilure, history, and archaeology of
mobility and the structure of Empire.

The complicated relationship between immigrants and Roasebleen investigated in this
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study by using bioarchaeological data to demonstrate ttexdgeneity of the population, the
differential use of food resources, and the disease loaleoRbman populace. The lack of
a singular immigrant experience at Rome demonstrates hieatdsmopolitan nature of the
city allowed for multiple lifestyles. Whether these diffeices were the result of personal
choice or lack thereof is currently unknown, however. Fetstudies of migration in Rome,
therefore, would benefit greatly from a more thorough cartsiton of immigrants in terms of

the sociocultural structure of the city of Rome.

13.3 Towards a Bioarchaeology of Roman Migration

A thorough understanding of migration to Rome requires nmohe research at a variety
of scales, as | have argued previously (Killgrove, 2010)ieSeof analyses of multiple teeth
from a single individual would greatly aid our assessmennobility. Chemical analysis of
small animals could help define the local range of bioaviglatsontium in a volcanic area with
quite complex geology. Further studies of strontium andgexyisotopes of ancient Romans
would similarly contribute to the identification of pattsrof resource use, as of aqueduct water,
whose influence on the chemical composition of dental enaraglonly modeled in this study.
The role of nursing in the Roman population similarly dessradditional study because of its
potential effect on the chemical markers of teeth formedndunfancy.

The combination of additional bioarchaeological analysfasmmigrants as outlined above
and theories of transnationalism can frame future reseprestions in terms of identity, ethnic-
ity, and agency in ways that can be answered by the ostealpgigigraphical, and historical
records of Rome. Transnationalism involves migrants whadgress traditional boundaries
and create and maintain relationships that span thesersoeo possible questions that can
be asked of bioarchaeological data relating to the indafiduransgression of boundaries and

formation of identities include: Did the transmigrant mawdy once, multiple times during
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her life, or in a cyclical manner away from and then back tol@neland? Did the transmi-
grant maintain cultural ties to her homeland while livingeathere? It is possible to investigate
the first question using strontium or oxygen studies of aividdal at several points during
her life using teeth that form at different ages, an avenaeltplan to pursue with analysis of
third molars gathered during data collection. Retentioouttural ties is generally approached
archaeologically through material culture or burial stylewever, that method would not pick
up an individual who tried or was made to assimilate with tbetfculture. One method of
investigating cultural ties is by an analysis of habitualats (Sofaer, 2006), such as unique
methods of manufacturing an object. The skeleton congtamthodels to accommodate the
actions of muscles and joints, and specific patterns of mem¢oould indicate retention of tra-
ditional methods of, for example, spinning or leatherwogki A study of enthesopathies and
musculoskeletal markers could provide evidence of leab@dvior specific to immigrants.
Transmigrants operate within a community, and the comipositf that community is also
anthropologically interesting. Transnational spacesimemporary anthropology involve ar-
eas where transmigrants can construct multiple or sitoatimentities. A Mexican transmi-
grant to the U.S., for example, likely has differing ideietin her Spanish-speaking home
and her English-language school. More concretely, traguants physically exist within a ge-
ographic space or ethnoscape, and the ethnic construdtibatocommunity is of interest to
the anthropologist (Appadurai, 1996). We can ask quessaok as, Did immigrants from the
same homeland live in geographic proximity in the host couimt homogeneous communi-
ties? Did immigrants live in polyethnic communities, heggneous in composition yet still
separate from the local inhabitants? Were migrant comnasniispersed throughout the city
or were they located on the fringes of town? Although bioastiogical data presented in
this study have identified immigrants, burial was not peteditvithin the city walls of Rome.
The spatial relationship between a persasiézisin Rome and eventual grave outside the city,
therefore, is not usually known. Nevertheless, with new etemes and household sites fre-

guently being uncovered in theaburbium evidence of ethnic enclaves of either the dead or
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the living might soon be found.

Transmigrants and polyethnic communities operate witharger sociopolitical structure.
It is at this level that we can start engaging questions oframgagency. What was the con-
sensus about immigrants in the host culture? How did theantgeact to the sociopolitical
context: by complete cultural assimilation, by maintereaattraditional ways, or somewhere
in between? Did female immigrants react differently thaes2 Were upper class and lower
class immigrants treated differently? It is no mistake thase questions return us to the ex-
periences of individual transmigrants, as “migrants act are ‘acted upon’ with reference
to their social, cultural, and gendered locations” (Biet@008, p. 136). That is, there is a
dialectic of agency and structure, and both the individual the structure are important for
understanding the social process of transnational magragurther bioarchaeological studies
of skeletons from Rome could help clarify the individual amadlective experiences of immi-
grants, particularly females, who were under-representéds study.

Mobility and migration pervaded Roman society, not leasalbin the form of slavery.
Many of the immigrants identified in this study likely cameRome as slaves, but their tenure
as slaves could have been ended by manumission. The bieatogg of slavery is even more
fraught with issues than the bioarchaeology of immigraydsjt remains an important future
avenue of research because slaves constituted perhagisiehef the population of the city of
Rome. The immigrants whose lives are chronicled in this wagiardless of legal status, were
integral to the character of Imperial Rome. They contridygbysical labor, novel pathogens,
and diverse genes to the city, which in turn affected imnmnitgalifestyles and experiences
through social, environmental, and economic conditions.

Approaching migration in Imperial Rome from a transnatiqrerspective that combines
all available evidence has begun to yield interesting tesarid will allow us to see migrants
to Rome in a way that has been impossible until now. The piaieior a study of identity,
ethnicity, memory, and agency of migrants in Imperial Romeriparalleled on account of the

vast amount of material and historical evidence at hand ko feemulate questions and test
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hypotheses. Bioarchaeological approaches can providemse of the social phenomenon of
migration both synchronically and diachronically at mpiki levels of interaction: individuals,
families, communities, the Empire, and even within onevittlial’s lifespan. Transnational-
ism and diaspora are new ways of conceiving of migration tigaity, and Roman archaeolo-
gists can harness these ideas to answer questions thatibded as in the past. We can finally
give voice to individual migrants who were agents within aiabstructure, who helped create,

maintain, and negotiate their role in a polyethnic society.
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Appendices
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Appendix A

Demographics and Chemical Analysis

Results

A.1 Castellaccio Europarco

Skeleton  Sex  Age|| 87Srfésr 5804y §13Cqp §13Cqp 513 Ceo §15N Sr

(enamel) (enamel) (enamel) (bone) (bone) (bone)  (enamel)
%0 VSMOW %0 VPDB %0 VPDB %0 VPDB %o AIR ppm

ET15A F 31-40

ET15B M 31-40

ET16 | 0-5 0.709661

ET17 | 6-10 0.708827

ET18 F 21-30|| 0.708618 26.34 -12.52 -10.4 -18.8 11.0

ET19 | 0-5

ET20 M 31-40| 0.709631 25.33 -4.00 -12.5 8.3

ET21 | 0-5

ET22A F 31-40

ET22B M  21-30 | 0.708399

ET27 PM  16-20|| 0.709543 28.16 -12.09 -10.2 250

ET30 | Adult

ET31 | 0-5 0.709848 26.53 -12.35 -10.9 -18.3 11.8 214

ET32 F 41-50

ET33 PM  41-50|| 0.708783

ET33B PM  Adult

ET36 | 6-10 0.709565 24.91 -12.78

ET37 | 6-10 0.709570

ET38 M 41-50 || 0.711934 25.69 -7.64 -9.8 -18.4 8.8

ET39 M 21-30

ET40 F 41-50 | 0.709175
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A.2

ET41 | Adult
ET42 PM  Adult || 0.709245 26.69 -13.80 162
ET43 M 31-40 || 0.708126
ET44 M 16-20 || 0.710150 26.67 -13.52 -9.3 -19.1 8.5
ET45 M 16-20 || 0.709397 25.65 -12.63
ET49 | Adult
ET51 PM  31-40| 0.709335
ET52 PM  21-30| 0.708716
ET53 PM  41-50
ET58 F 41-50 | 0.709162 2541 -11.74 -10.8 -17.9 9.5 260
ET63 I 6-10 || 0.709349
ET67 | 11-15|| 0.709173 27.94 -12.45 -12.2 118
ET68 F 41-50 | 0.708754 27.15 -12.45 -18.1 115
ET69 M 21-30|| 0.708624 26.89 -13.11 -10.7 -19.5 7.8 194
ET72 M 31-40 || 0.709996 27.06 -12.12 -10.9 -17.8 9.1 477
ET76 PM  11-15|| 0.710471
ET77 M 31-40
ET80 PM  Adult
ET95 31-40
ET96 21-30
ET97 | 0-5
ET100 | 0-5
ET102 M 41-50
ET103 PM  31-40|| 0.709105
Casal Bertone
Skeleton  Sex  Age|| 87SrP6Sr 5'80qp §13Cap §13Cap §13Ceo I\ Sr
(enamel) (enamel) (enamel) (bone) (bone) (bone)  (enamel)
%0 VSMOW %0 VPDB %0 VPDB %o VPDB %0 AIR ppm
F1A 16-20 || 0.709299 25.73 -11.96 -12.9 -18.1 11.3 156
F1B M 31-40|| 0.709038
F1C 51-60|| 0.709623
F1D PM  16-20|| 0.708787
F2A PM  Adult
F2B PM  Adult
F2C | 6-10
F3A PM  Adult
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F3B | Adult

F3C M  41-50| 0.708346 26.12 -12.47 -12.9 -18.6 10.1
F4A | 11-15 || 0.709845

F4B F 51-60|| 0.709821 25.52 -13.24 -13.3 -19.4 7.1
F4C PM  16-20| 0.709189

F4D | 11-15

F5A M 21-30 || 0.709945 25.01 -11.72 -17.5 9.3
F6A | Adult

F6B | 6-10

F6C | 0-5

F6D | Adult

F6E F 51-60( 0.708944 26.64 -12.37 -13.2 -18.1 10.3
F7A PF  11-15

F7B M 16-20 || 0.709457 27.79 -12.32 -12.6 -17.7 10.8
FoB | 0-5 0.709769 -18.6 11.0
FoC PF  21-30|| 0.709212

FOD | 11-15

F10A PM  51-60

F10B | 6-10 0.709276

F10C | 6-10 0.708251 27.35 -10.42 -12.3 -18.1 8.6
F10D | 11-15|| 0.709885 27.41 -12.05 -12.7 -18.1 10.7
F10E PM  Adult

F11A 31-40|| 0.709711 26.74 -12.95 -18.7 7.0 340
F11B M 31-40 || 0.709008

F1i1C | 11-15|| 0.709576

F11D | 6-10

F12A M 31-40 || 0.709296 26.48 -14.22 -12.8 -18.1 11.2 57
F13A | 6-10 0.709425

F13B | 0-5

F13C F 41-50|| 0.709455 25.95 -12.49 -12.8 -17.7 11.0
T7 M 41-50 || 0.709404 26.25 -12.48 -18.2 11.0
T8 | 6-10 0.710647 25.44 -10.91

T9 | 0-5 0.709302

T10 M 31-40 || 0.709566 26.11 -12.12

T11 | 11-15| 0.709325

T12 M 16-20 || 0.709546

T13 PM  61-70| 0.708490 26.40 -12.04 -12.7 -18.2 111
T14 M 21-30 || 0.708986 25.93 -13.15

T15 PM  31-40| 0.713980 25.60 -12.32
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T16 M 41-50

T17 PF  31-40

T18 PM  31-40( 0.709485 25.83 -12.75 -13.7 254
T19 M 41-50 || 0.709153 24.86 -10.91

T20 | 6-10 0.709089 26.02 -13.45 -12.9 -19.6 7.2

T21 M 16-20 || 0.708811 26.62 -13.45 -11.3 -19.0 8.0

T22 M 21-30 || 0.709070

T23 M 21-30 || 0.708424 26.44 -11.25 -11.4 -18.1 11.6 208
T24 M 51-60 || 0.707351 24.40 -10.87 -18.1 9.6

T25 | Adult

T26 PM  Adult || 0.7091751

T27 | Adult

T28 F 51-60| 0.708529 25.26 -11.78 -11.7 -18.6 11.3

T29 | 0-5 0.709327 25.78 -12.35 -12.2 -17.5 13.2

T30 PF  41-50(| 0.709219 26.60 -12.29 -12.1 -17.8 11.0 107
T31 M 41-50 || 0.709181

T32 | 11-15 || 0.709178 27.37 -12.37 225
T33 41-50 || 0.708155 27.59 -12.74 -17.2 9.7 131
T34 31-40 || 0.709071 24.78 -12.16 -11.7 -18.1 11.6

T35 PM  16-20| 0.709462

T36 | 11-15| 0.707191 28.46 -6.76 -10.4 -18.1 10.8 111
T37 PM  31-40| 0.709183

T38 PF  41-50|| 0.709323

T39 PF  16-20|| 0.708206 28.80 -10.90 -11.7 -18.2 11.8

T40 M 21-30

T41 PF  16-20|| 0.7091722

T42 F 31-40|| 0.709280 27.19 -12.61 -12.5 -18.1 9.8

T45 | 11-15 || 0.709237

T46 | 0-5

T47 M 31-40 || 0.708652

T48 PF  Adult || 0.709508

T49 | 31-40 || 0.709153

T50 PF  21-30( 0.709312 26.58 -12.93 -12.2 -18.0 10.8

T51A F 61-70

T51B | 0-5

T52 PF  Adult

T53 PM  21-30| 0.708500

T55 | 6-10 0.708933

T56 | 11-15| 0.709505
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T57 PM  31-40

T59 M Adult 0.708586

T60A | 0-5

T60B | 0-5 0.708586

T61 PM  Adult

T62 | 6-10 0.709155

T63A | 6-10

T63B | Adult

T64 | Adult

T65 M 41-50

T66 PM  Adult 0.708730

T67 PM  41-50|| 0.708354

T68A PF  21-30

T68B | 11-15

T68C | 6-10

T69A M 41-50 || 0.710089

T69B | 0-5

T70 | 6-10 0.708984 28.92 -12.62 -12.2 -18.5 10.2 107
T71 | 0-5 0.709039 25.73 -13.05 -12.8 -17.4 10.2
T72 | 11-15| 0.707914 25.60 -11.91

T73 M 31-40 || 0.709134

T74 | 0-5

T75 | 11-15| 0.708737

T76 PM  31-40| 0.709415 26.43 -12.44

T77 PM  31-40| 0.709142

T79 | 16-20

T80 | 11-15 || 0.709064 27.14 -14.78 -13.1 -19.0 9.5
T81 M 21-30 || 0.708849 25.03 -12.86

T82A 41-50 || 0.708617 24.34 -12.82 -12.9 -19.1 7.6
T82B PM  Adult

T83A PM  Adult

T83B M 16-20 || 0.708780 26.08 -13.43 -12.6 -19.5 8.4
T84 | 11-15 || 0.708898

T85 | 11-15

T86 PM  Adult

US15A | 0-5

uUS15B | 6-10

uUS15C PF  16-20

uUS15D PF  Adult
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USI15E PM  Adult
US31A PM  Adult
US31B | Adult
US36A PM  Adult
uS36B | 11-15
US36C | Adult
uS36D PF  Adult
US36E | 11-15
USG66A | 0-5
use6B | 11-15
uSse66C PF  21-30
use66D PM  Adult
US170 | 6-10
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Appendix B

Castellaccio Europarco Republican

Burials

Castellaccio Europarco presented three different tenhpordexts of burial. The majority
of the burials dated to the Imperial period and were thusesopbraneous with those of Casal
Bertone. As this dissertation relates to mobility and ntigrawithin the Roman Empire, only
the Imperial-period populations from the two sites are ussed within the main body of the
document. The earlier skeletons were studied because autinent lack of knowledge of
Republican populations in Rome and the possibility of conmgaindividuals from the two
historical time periods. However, the small number of Harfeom the two earlier phases and
the poor preservation of the skeletons prevented thoronglysis of these individuals.

Additionally, there are no similar publications of Repwghlh cemeteries that can furnish
comparanda on demographics, pathology, diet, or immigmatiThere is a distinct need for
bioarchaeological studies of Republican-period cemetealthough a large hurdle is the fact
that cremation was the popular burial rite in this time peridhis appendix presents the basic
demographic data collected in the field and the results oktakle isotope analyses, which
were undertaken on a small sample of the Republican butiassmy hope that future studies
will help clarify the data on diet and migration that the widuals from Republican-period

Castellaccio Europarco have furnished.
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B.1 Preservation and Pathologies

The available skeletal material was found in various stafgweservation, but the bones
from the Republican time periods were more poorly presetikiad those from the Imperial
period. The cemetery at Castellaccio Europarco was fouadan&ibutary of the Tiber River,
and many burials were made near a retaining wall (chapteAd)such, the combination of
water, sediments, and ancient mortar created rock-hametons on numerous skeletons that

made it impossible to separate and study the bones (see Bglixe

Figure B.1: Norma Lateralis View of the Skull of ET62

Most individuals therefore could not be assessed for eveasgpathological conditions
such as porotic hyperostosis, periostitis, osteoarshnd fractures because the concretions
obscured the periosteum and articulation sites. Althouaghglogies were recorded when
noticed, it is impossible to interpret their incidence wiéispect to the population because so
few individuals could be assessed for pathological cooliti Pathologies are therefore not

reported here for individuals from the Republican phases.
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B.2 Demographics

In Phase 1, an early Republican time period (4th-3rd cerB@)y there were 17 individuals
for study. In Phase 2, a late Republican/early Imperial fpmeod (2nd-1st century BC), there
were 11 individuals for study. Table B.1 presents the Rapablperiod individuals broken
down by age, table B.2 presents the adults broken down byasekfigure B.2 presents the
data in an age-at-death histogram. There are clearly toarfdividuals in Phases 1 and 2

to assume that this is a representative sample or to drawussoies about the demographic

structure of the population.

Ph1#| Ph1%| Ph2#| Ph2%)| Total #| Total %

fetal 2 11.8 - - 2 7.1
0-5 3 17.6 3 27.3 6 21.4
6-10 1 5.9 - - 1 3.7
11-15 2 11.8 1 9.1 3 10.7
16-20 - - - - - -
21-30 - - - - - -
31-40 4 23.5 5 45.4 9 32.1
41-50 3 17.6 2 18.2 5 17.9
51-60 - - - - - -
61-70 - - - - - -
Adult 2 11.8 - - 2 7.1
Total 17| 100% 11| 100% 28 | 100%

Table B.1: Age at Death of the Castellaccio Europarco PojmaEarly Periods

Phi1M|Phl1F| Ph2M|Ph2F| Total M | Total F

16-20 - - - - - -
21-30 - - - - - -
31-40 3 1 2 2 5 3
41-50 2 1 1 1 3 2
51-60 - - - - - -
61-70 - - - - - -
Adult - - - - - -
Total 5 2 3 3 8 5
Sex Ratio|| 71.4%| 28.6% 50%| 50%/| 61.5%| 38.5%

Table B.2: Sex of Castellaccio Adults and Age at Death
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Figure B.2: Demography of Castellaccio Europarco Earlyseba
Male (n=7)| Female (n=4)

Phase 1 167.1 151.1
Phase 2 163.8 153.7

Table B.3: Average Height (in cm) of Castellaccio Populatly Sex

Table B.3 presents the average height of the adults from #pailitican phases of Castel-
laccio Europarco. In Phase 1, there were only five males aoddmales who presented long
bones sufficient for stature estimation; thus, the averagghh of females in particular from
this phase could be skewed from the lack of data. In Phasee there two males and two
females whose height could be estimated, and these aveeagjet lestimates are similarly
skewed. No conclusions about changes in height throughdin@astellaccio Europarco can

thus be drawn from this small data set.
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Skeleton Phase Age Sex ¢C  §15N CN  %Yield 6%3Cop ABCop_co 683Cap  APBCqp

%o VPDB %o AIR (bone) (bone) (enamel) (bone-enamel)

ET93 1 6-10 | — — — — -9.8 — -13.21 3.41

ET82 1 31-40 M -17.9 9.9 3.2 1.3 -9.2 8.7 -7.36 -1.84
ET85 1 41-50 F -19.8 8.6 3.2 0.6 -10.1 9.7 -12.26 2.16
ET70 2 41-50 F -19.1 9.4 3.3 2.1 -10.4 8.7 -11.81 1.41

! = No collagen yield. All delta values are reported in permil.

Table B.4: Castellaccio Europarco Early PhaSé€ andd'°N Results

B.3 Dietary Analysis

Of the 28 individuals excavated from earlier phases at Gastéo Europarco, only five
from Phase 1 and one from Phase 2 possessed a first molar tihbeatested for strontium.
Four of these individuals were additionally subjected tggen isotope analysis to estimate
place of origin, as well as carbon and nitrogen isotope @maty reconstruct the ancient diet.
In Phase 1, three individuals were chosen, two adults andsobadult. Unfortunately, the
subadult yielded no bone collagen for analysié(,, was measured from bone and enamel for
this individual, however. In Phase 2, only one individuabvgaibjected to carbon and nitrogen
isotope analysis. These four individuals likely do not ddnte a representative sample of the
populations from their respective time periods. As suohirindividual diets can be interpreted
in broad terms, but a lack of contemporaneous data meansip@ssible to situate these early
Romans within a social context.

Table B.4 presents the data obtained from carbon and nitrisgd¢ope analysis of bone
and teeth, and figure B.3 is a scatterplot of the three indaligifor whom botl3C andd§'°N
values were obtained. All three individuals fall within tb@rbon and nitrogen isotope ranges
presented by the Imperial individuals (see figure 6.2). TdleutatedAC,, ., values are
between a monoisotopic diet and one that included a signtfamaount of G plants, and all of
them cluster with the Imperial Castellaccio Europarco dsé¢® figure 6.3). Individuals from
earlier time periods in this area thus likely consumed a afi€l; plants and herbivore meat,
with contributions from marine resources angf6ods. For the most part, thé3C,, values

from Republican individuals increase significantly froml@dhood to adult diet, similar to the
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increase seen in Imperial era individuals. Only ET82 hag¢ierse pattern; however, this
individual was most likely an immigrant to Rome, as shownhmy $trontium and oxygen data

below.

14.0

13.0 @ Phase 1
12.0 - ® Phase 2

11.0
10.0 L 2

§"°N (%o AIR)

A A A
S S S S S S S
| | | | | | |
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210 -205 -200 -195 -19.0 -185 -180 -17.5 -17.0 -165 -16.0
8"C (%o VPDB)

Figure B.3:6'3C andd*®N - Castellaccio Europarco Early Phases

Although there are few data points, a cautious interpiatadi the dietary data from Re-
publican period Castellaccio Europarco indicates a sirdilet to the one enjoyed by Imperial
period individuals, namely one composed primarily gf @¢ains and terrestrial meat with a

very minor marine contribution but significan @source consumption in the adult diet.

B.4 Migration in Republican Times

Results of the strontium and oxygen isotope analyses ofePhasnd 2 individuals are

presented in table B.5. A graphical representation of tlritated local range of strontium and
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oxygen can be found in figure B.4. The Republican populatiddestellaccio Europarco thus
includes one individual (ET82) whose strontium ratio, .X05, is unlike the other individuals
in those time periods. Further, individuals ET85 and ET A&lmomalousg'®O measurements
compared to the range established in chapter 9.

Skeleton Phase Age Sex’SrfSr  Sr 50
Ratio  ppm % VSMOW

ET93 1 6-10 I 0.709838 329 26.20
ET82 1 31-40 M 0.707175 — 25.78
ET79 1 31-40 M 0.710076 — —
ET98 1 31-40 PM 0.709977 — —
ET85 1 41-50 F 0.709523 — 27.51
ET70 2 41-50 F 0.710127 — 27.46

Table B.5:37Srf5Sr and§'®O of Republican Burials from Castellaccio Europarco

0.7140 -
0.7135 f # Phase 1
0.7130 ® Phase 2
0.7125 -
0.7120 -
0.7115 -
0.7110 -

0.7105 - ET70
0.7100 7 ET93 @

8Sr/30Sr
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0.7075 ET82
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-
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Figure B.4: Republican Strontium and Oxygen Ratios

The low strontium value of ET82’s enamel indicates he wasa bod raised in an area with

younger rock. A conservative approximation of his homelawdld therefore be a volcanic
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area of Italy south of Rome: Naples or Sicily. As both of thaseas are coastal, their expected
5180 values mirror Rome’s. ET82 could therefore be a long-ditdmmigrant to Rome from
another coastal area with similar oxygen value to Rome. Hii@5s Phase 1 and ET70 from
Phase 2 present®O values higher than the city of Rome but strontium ratios toalld be
local. Several people with similar strontium and oxygeruealwere interpreted in chapter 10
as possibly having come from the area of Greece, Cyprus,iaMisior. Only four individuals
out of the total population of 28 dating to the Republicanigeeiof Castellaccio Europarco,
however, could be tested for strontium and oxygen, so it idaam whether or not they are

representative of the rest of the population.

B.5 Discussion

The lack of published bioarchaeological data from Repablittaly makes assessing the
early burials from Castellaccio Europarco impossible fimomparative perspective. Addi-
tionally, only a few individuals were tested for all isotgpand the bioavailability of strontium
in the suburbium during the Republican period is uncleaxddbeless, the middle-aged male
ET82 was an immigrant to Rome based on an extremely low @trontalue and enriched
§13C value. The decrease #*C,, from enamel to bone in ET82 is in contrast with the local
A*C,, values from the three other Republican-era individuals whee tested for diet. Like
Imperial individuals, the majority of the Republica®*C,, values increase from childhood
to adult diet. ET82, however, fits the dietary pattern of igrants to Imperial Castellaccio
Europarco: following a childhood diet with,(lants in it, his adult diet is less enriched and
matches others from the site. ET82’s oxygen value is not atmus for Rome, but oxygen
cannot distinguish among people from the Tyrrhenian ca@stservatively, ET82 is from a
volcanic, coastal area south of Rome, perhaps Naples dy.Sldius, as early as the 4th-3rd
century BC, there is evidence to support the presence obnahlbwer-class individuals in the

Romansuburbium
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B.6 Conclusions

The few and poorly preserved human skeletal remains fronRegublican phases of
Castellaccio Europarco are difficult to interpret with akiaxf comparative bioarchaeologi-
cal data. Additionally, the popularity of cremation as aiélrite in this period means that
large skeletal populations might never be found. The isotmpalyses undertaken on a few
individuals from pre-Imperial time periods are thus exteyrimportant lines of evidence in
reconstructing daily life in Republican Rome. Although tepresentativeness of the cemetery
population is currently unclear, preliminary analysis afaiple dozen individuals indicates
that immigration to Rome began much earlier than the Imppaaod and that the average
Roman diet did not change significantly over the centuriegrthier analysis of other indi-
viduals from these early time periods, from periurban, sbén, and rural contexts, would
constitute significant progress towards our understandirige lower classes of Republican
Rome. Finally, as Italy was inundated with foreign slavetha point in history, particularly
following wars abroad, the discovery of nonlocals at Rome @@ characterization of their

lives could help advance the archaeological study of sjawethe Republican period.
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Appendix C

Morphometric Analyses

Because of the lack of precise information on both the atnecof immigration and the
demographics of the Roman people and because of the candftibe skeletal remains pro-
vided for analysis, it is necessary to start with a modet-Btatistical approach to characterize
the population of Imperial Rome. Nonmetric cranial analysas undertaken in this project
not only as a way to understand population differences inrtiperial period but also as an
exploratory statistical analysis for identifying possildbhmigrants. In this chapter, the non-
metric data analyzed by the mean measure of divergencstgtaiveal differences between
time periods and similarities between the sexes, anomataligduals from Casal Bertone
and Castellaccio Europarco are identified using Gower'eggisimilarity coefficient, and the
results of inter- and intra-population differences aredssed.

Although it is impossible to directly ask an archaeologmapbulation if they lived in Rome
or elsewhere, analyzing various teeth and bones for stnonéind oxygen isotopes and con-
centrations can provide us a general answer. These metimaeyer, can be costly, and many
researchers test only a sample of the population at handridvetd nonmetric analyses of
population dynamics are an ideal place to start data exporavhen framing questions about

migration and mobility in the past.

C.1 Model-Bound and Model-Free Approaches

Because of bioarchaeology’s origin as a population-bappdoach, biological variation

in archaeological samples has generally been investigdtdte group level (Larsen, 1997).
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Models of differences or comparisons were created to utalasgenetic variation among
groups, arrive at an overall assessment of populationtstejaeconstruct population origins,
guantify gene flow, and identify long-distance migratiorl@hford and Lees, 1982; Buikstra
et al., 1990; Larsen, 1997). Data gathered from skulls aethtean be used to understand
patterns within a group and between individuals, meaniotpgical distance can be assessed
at multiple scales (Stojanowski and Schillaci, 2006).

With the legacy of native son Luigi Luca Cavalli-Sforza (@HiwvSforza, 1974; Cavalli-
Sforza and Feldman, 1981; Cavalli-Sforza et al., 1988, 1 9&8ian scholarship on population
movement in Italy in the last two decades has dealt with wtdeding how the Romans inter-
acted with the Etruscans, how disparate groups came tadettem the Roman Republic, and
how people interacted prior to urbanization in the EmpiiaZ®a et al., 1988; Moggi-Cecchi
et al., 1997; Vernesi et al., 2004; Rubini et al., 2007; Cogfpal., 2007). These studies were
largely done with model-bound methods in which parametech sis gene flow and genetic
drift were investigated using quantitative traits. In miedeund approaches, cranial measure-
ments are considered a proxy for genetic data, where theopjpa appearance of the cranium
is thought to be directly related to the frequency of inteetialleles. The difficulty with us-
ing a model-bound approach, however, is that a large nunflyefadively complete elements
from both males and females are required in order to comparexpected and observed ge-
netic makeup of the population of a region. Model-free mdthof understanding biological
distance, on the other hand, are often more suitable to @otbgical data. Using multivari-
ate statistics can uncover between-group and individugrang in cranial and dental metric
data as well as cranial and dental nonmetric data. In this,\pepulations are mosaics of in-

dividuals, and the nature of the difference between the fatipus is studied (Howells, 1973,

p. 4).
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C.2 Methods

C.2.1 Metric Analysis

Variation in size and morphology of the skeleton is relae@enes but also to environ-
mental factors, such as use of the jaws in masticatory fonstjLarsen, 1997). Because many
aspects of metric variation are both selectively neutrdl lagritable, analysis of metric traits
provides an indirect means of understanding genetic vamniatithin and between populations
(Pietrusewsky, 2008). Metric measurements can only bentalteen a bone is complete and
should not be taken on reconstructed bones.

Generally, biodistance studies that use metric traits aréopned with either cranial or
dental data, with the goal of modeling gene flow between twaufadions. The statistics most
commonly used for both categories of data are Mahalanobisliflance and Relethford and
Blangero’sR matrix, both of which can be easily visualized using clugt@phing! Both D?
andR are generally used to compare two or more populations, twenguestions posed at
the inter-population or inter-community levels. For quass$ of intra-populational biodistance,
principal components or factor analysis can be used. Theseaus identify underlying pat-
terns within a sample, creating new axes of variation. lildigls can then be plotted on the
new axes (Pietrusewsky, 2008).

Metric cranial and dental analyses are rarely used in agfirggtions about migration in
the ancient world, although examples can be found in reseathe Americas and the Pacific
(Steadman, 2001; Sutter and Verano, 2007; Schillaci angu8ieski, 2005; Pietrusewsky,
2006, 2008). Hemphill (1999) published a craniometric gtatiBactrians from the Bronze
Age that used the Dstatistic, Zakrzewski (2007) used this statistic to lookc@niometric
variation across time periods in Egypt, and D’Amore andeagues (2009) used a variety of

multivariate techniques to study Late Pleistocene gron&gily. In terms of dental metrics

IMost standard statistical packages will calculate But for a more thorough explanation of the statistic and
its application to biodistance studies, see Pietrusew882 For theR matrix technique, see Relethford and
Blangero 1990.
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in the ancient world, Nathan Harper (2008) is currently ggtmrmatrix analysis of dental met-
rics from Late Bronze Age Cypriot populations to investggpbpulation movement. Finally,
Michele Buzon (2006) carried out a principal componentdyai of cranial measurements
from a population from New Kingdom Nubia. Buzon was able foasate the population into
distinct groups of Nubians and Egyptian immigrants.

Craniometric analysis of the skeletons from Casal BertonkeGastellaccio Europarco was
not possible, however, because of the state of presenatidthe underrepresentation of adult
females at both sites. In addition, dental metrics were mdgrded on two dimensions of M1s
and M3s that were selected for chemical analysis, thusymtex) their use in metric analysis.
Investigating migration in Imperial Rome necessitateagisi model-free approach, to which

nonmetric data are better suited.

C.2.2 Nonmetric Analysis

Traits that cannot be measured linearly on the skull, temtipostcranium are known as
nonmetric, discrete, discontinuous, or epigenetic trditeese are minor variants of the bone or
tooth that are passed on genetically (Buikstra and Ubeld®&4; Larsen, 1997). The strength
of nonmetric traits is that they can be recorded on incorekeéletal remains.

The most common statistic for analyzing nonmetric traitdiological distance is C.A.B.
Smith’s mean measure of divergence (MMD) statistic, altioMahalanobis’ B is also fre-
quently used. MMD and Bstatistics are reported in a matrix when two or more groups ar
compared, and this matrix can be visually represented wdusger analysis or multidimen-
sional scaling graphs. Other methods of assessing variatiaan intra-cemetery level using
nonmetric traits include: calculating frequencies of aatwus traits, with the idea that indi-
viduals who share similar traits are more likely to be ralai8jgvold, 1976); mapping trait
frequencies onto a plan of a cemetery to find groups of indafgl who share similar traits

(éesnys and Tutkuviene, 2007); and calculating a matrix @v€ similarity coefficients to
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identify anomalous individuals (Stojanowski and Schill2006)?

Two nonmetric trait analyses have recently been publishaa fitaly, one using cranial
traits and one using dental traits. Rubini and coworker8126xamined ten cranial series from
central Italy dating from the 9th-5th centuries BC. Using MMD, they found little evidence
of population interaction. The groups clustered based agm@ghy, with the coastal groups
being distinct from the inland groups, indicating the pbaiy that the Apennine Mountains
were a barrier to gene flow in the 1st millennium BC. Coppa ail@agues (2007) performed
a nonmetric dental analysis of groups from different timequks and discovered that there
was likely to have been significant gene flow during the NeaitNonmetric analysis is thus
being used in ancient Italy to investigate large-scale fadjmn movement largely in prehistoric

periods.

Smith’s Mean Measure of Divergence

C.A.B. Smith’s mean measure of divergence (MMD) (Smith,2)93 calculated by adding
the squared differences between variables of two populgatid/hen two populations are dif-
ferent, we would expect a large MMD value, and when they anéai, a smaller MMD value
would result. This dissimilarity between populations isavfs termed “biological distance,”
referring to Euclidean distance. Smith’s MMD includes agwaar transformation for trait fre-
guencies for each population, which helps prevent samging from distorting the biodis-
tance statistic. It is also necessary to correct for the Issaatple sizes that are often found in
archaeological populations (Green and Suchey, 1976) loguise statistical transformation of

Freeman and Tukey (1950).

2Whereas researchers who use metric analysis tend to be onsergative in their choice of statistical meth-
ods for analysis, researchers who work with nonmetricdradtem to be using a wider variety of statistics and
asking a wider variety of questions. There are debates trerefide about how heritable both metric and
nonmetric cranial and dental traits are, and it is intengsthat metric evidence is more often used in model-
bound approaches whereas nonmetric data are used in nmededgproaches (Stojanowski and Schillaci, 2006;
Pietrusewsky, 2008; Relethford and Lees, 1982).
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The MMD statistic used in this study is as follows:

i1 (01 — 04:) — < L+ 1>

T
nii+35 n2;i+3

MMD =

r

in whichr is the number of traits use®,;; and©,; are the transformed frequencies in radians
of the ™" trait in the comparison groups, ang; andn,; are the numbers of individuals who
are scored for thé” trait in the group.

Freeman and Tukey’s angular transformation is as follows:

1, 2%k 1, 2(k + 1)
S 1 — - 1 —
C) 2sm < n+1>+2sm ( 1

in whichk is the number of individuals scored as “yes,” and the total number of individuals
scored in the population (i.e., scored as either “yes” ofyno
Finally, the variance and standard deviation of the MMD alewdated using the following

formulae based on Sofaer (1986):

2
2 <& 1 1
Var = =) +
WP i=1 lnli +3  mat %1

sdymp = \/ Varymp

When the MMD is equal to or greater than twice the amount ofstia@dard deviation,
the value is significant at the < 0.05 level (Sjgvold, 1977). Negative MMD values result
from closely associated groups or too small a sample siz@€fand Bird, 1981). However, a
significant MMD could be the result of random genetic drifeotime in the same population
rather than an indication of two different populationsi{@eberg, 1952, 1963).

The mean measure of divergence statistic can thus be usednometric cranial data to
produce a measure of how different one population is frontteerdased on the pooled data of

heritable traits. Although this statistic cannot identifigividual immigrants, it helps to show
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the broad differences seen in the Casal Bertone and CasiellBuroparco populations.

Gower’s General Similarity Coefficient

Gower’s general similarity coefficient, on the other harah) be used to investigate intra-
populational differences because it can compare two negto€ data. This statistic is defined

as per Gower (1971):

sij = >k WijkSijk

ok Wijk
in which s; compares the casésand j, s;;;, indicates the contribution provided by thth
variable, and W, is either zero or one depending on whether the comparisoalic for the
kth variable. Many statistical software packages can quiakt easily compute this coefficient
from user-provided data.

In the case of nonmetric traits, Gower’s general similazagfficient creates a matrix com-
paring the number of traits that two individuals both hate, number of traits they both lack,
and the number of traits that one has but the other one doed hetcoefficient derived from
this two-by-two association table based on the formulargaeove is therefore an objective
measure of how similar two individuals are with respect &irthonmetric cranial traits.

Similar to the MMD, Gower’s general similarity coefficienart then be visualized in a
cluster graph, where individuals who are more similar wilister earlier than they will with
individuals who are different. This statistic thereforestthe potential to identify anomalous
individuals within a population, provided those individsihave a strikingly different suite of
nonmetric cranial traits than the remainder of the popoilatl he morphometric methods used
in this analysis, Smith’s MMD and Gower’s general simikartoefficient, can thus provide
evidence of broad similarities and differences within aetieen the populations buried at

Casal Bertone and Castellaccio Europarco based on heritabhtion in adult crania.
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C.3 Sample Demographics

For this analysis, nonmetric traits were recorded from atylteskeleton that presented a
portion of the cranium. Out of the 217 individuals from allgsies of the two sites, 69 adults
from Casal Bertone and 35 adults from Castellaccio Eurappresented enough cranial re-
mains to be assessed for at least one nonmetric trait. Tihef liraits selected can be found
in table C.1 along with the recorded nonmetric cranial dateese traits can be characterized
mostly as sutures, ossicles, and foramina and were seleased on descriptions of nonmetric
traits from Berry and Berry (1967), Ossenberg (1976), M¢11®33), and Buikstra and Ube-
laker (1994). Traits to be examined were also selected bas&se of recording and com-
pleteness of description in nonmetric trait literaturer &dull explanation of the method and
theory behind nonmetric trait analysis, particularly tise of the mean measure of divergence
statistic, see Killgrove (2002, 2009).

Cranial nonmetrics can only be assessed on adults, as dubeahia have not finished
growing. Most of the skeletons studied from Casal Bertoree @astellaccio Europarco were
incomplete, and many bones were fragmented. Unlike meteatyais, nonmetric analysis can
be undertaken on incomplete, fractured, and commingleciresn The demographics of the
populations assessed for nonmetric traits can be seenlen@®. Every adult individual for
whom at least one nonmetric trait could be scored is inclundéde analyses presented below.

A range of nonmetric cranial traits was investigated, agthat table C.1. Standard data
reduction techniques were employed to eliminate rarestraith low incidences in pairwise
population comparisons. Sjgvold (1977) suggests thatvergdraits with no significant dif-
ferences eliminates background noise that can confourdidbémce analysis. Of the 26 traits
studied, 3 were removed from further analysis because ofzbeo frequency in both popula-
tions: coronal ossicle, bregmatic ossicle, and os incaudiad in the table are the number of
individuals with the trait expressed, the number of indidts examined, and the percentage

present.
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Trait CE Early CE Imp CB Nec CB Maus
1 - Metopic suture present 2/10 (20.0) 0/17 (0.0) 1/27 (3.7) 0/16 (0.0)
2 - Supraorbital foramen 3/9(33.3) 2/16(12.5) 9/23(39.1) 6/17 (35.3)
3 - Supraorbital notch 6/9 (66.7) 13/16 (81.2) 20/26 (76.9) 11/17 (64.7)
4 - Infraorbital suturé 4/5 (80.0) 2/9 (22.2) 5/14 (35.7)  2/15(13.3)
5 - Multiple infraorbital foramind  1/5 (20.0) 0/9 (0.0) 0/16 (0.0) 0/16 (0.0)
6 - Zygomaticofacial foramirta 0/8 (0.0) 4/17 (23.5) 11/33(33.3) 4/16 (25.0)
7 - Os japonicum present 0/8 (0.0) 1/17 (5.9) 0/30 (0.0) 0/15 (0.0)
8 - Parietal forameh 1/7 (14.3) 7/19(36.8) 10/16 (62.5) 7/13 (53.8)
9 - Coronal ossicle — — — —

10 - Bregmatic ossicle — — — —

11 - Sagittal ossicfe 1/7 (14.3) 0/16 (0.0) 0/8 (0.0) 1/9 (11.1)
12 - Epipteric ossicle 1/6 (16.7) 0/12 (0.0) 0/7 (0.0) 1/14 (7.1)
13 - Parietal notch ossidle 1/10 (10.0) 1/19 (5.3) 2/13 (15.4) 1/13 (7.7)
14 - Occipitomastoid ossicle 0/8 (0.0) 0/16 (0.0) 1/9 (11.1) 0/14 (0.0)
15 - Asterionic ossicle 0/8 (0.0) 1/19 (5.3) 2/10 (20.0)  4/14 (28.6)
16 - Apical/Lambda ossicle 1/8 (12.5) 1/18 (5.6) 0/16 (0.0) 2/14 (14.3)
17 - Lambdoidal suture ossicle 1/7 (14.3) 6/18 (33.3) 6/14 (42.9) 8/13 (61.5)
18 - Os incé — — — —

19 - Condylar facet double 0/7 (0.0) 1/22 (4.5) 1/23 (4.3) 1/15 (6.7)
20 - Condylar canal presént 4/7 (57.1) 4/13(30.8) 7/15(46.7) 11/14 (78.6)
21 - Divided hypoglossal cartal 3/9(33.3) 3/20(15.0) 10/28 (35.7) 4/15(26.7)
22 - Tympanic dihiscenée 1/10 (10.0)  0/20 (0.0) 0/23 (0.0) 0/14 (0.0)
23 - Mastoid foramen extrasututal 0/9 (0.0) 5/16 (31.2) 7/13 (53.8) 4/14 (28.6)
24 - Mastoid foramen absent 2/9 (22.2)  3/16 (18.8) 0/13 (0.0) 4/14 (28.6)
25 - Auditory exostosis presént 0/10 (0.0) 1/22 (4.5) 3/39 (7.7) 0/16 (0.0)
26 - Mental foramen multipfe 1/7 (14.3) 1/21 (4.8) 1/41 (2.4) 0/16 (0.0)

Table C.1: Nonmetric Trait List and Frequencies
Number with trait expressed / number of individuals preges)t
1 = Berry and Berry 19672 = Kennedy 1981;
3 = Molto 1983;* = Buikstra and Ubelaker 1994
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CE1 CE2 CE3 CBNec CBMausTotals
Male 4 2 18 36 10 70
Female 1 2 6 13 7 29
Unknown| - 1 1 2 1 5
Totals 5 5 25 51 18 104

Table C.2: Demographics of Individuals Assessed for Nonme€ranial Traits

C.4 Mean Measure of Divergence

Beginning at the inter-cemetery level, Smith’'s MMD statiswas used to quantify the
biological distance among groups at Casal Bertone and Zastie Europarco. Few indi-
viduals from the earlier phases of Castellaccio Europareceviound, so for the purposes of
this nonmetric analysis, the samples from the early (Regam) Phases 1 and 2 were com-
bined. Table C.3 presents the results of an MMD among theitwe periods of Castellaccio
Europarco and the two burial contexts of Casal Bertone. mtiwiduals from the earlier pe-

riods of Castellaccio Europarco are significantly difféfeam the other three Imperial-period

samples.
CE Early| CE Imp | CB Maus| CB Nec
CE Early — | 0.163 0.256| 0.399
CE Imp 1.824 — 0.036| -0.031
CB Maus 2.862| 0.613 — | 0.077
CB Nec 3.717| -0.503 1.225 —

Table C.3: MMD of Biodistance Data
Standardized MMDs are below the diagonal, MMDs above.

Figures in bold are significant at the< 0.05 level.

Figures in italics are significant at thpe< 0.10 level.

At the intra-cemetery level, two more MMDs were calculateddx on current thought

3For this and for other reasons (see chapter 4), data on tiédudls from earlier phases at Castellaccio
Europarco are presented separately, in appendix B.
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about migration in the Empire. It is assumed that males rtedrmore frequently than females
based on epigraphical evidence and the types of work théd beufound at Rome (Noy, 2000,
p. 60-1), so MMDs were calculated for males versus femal€aatl Bertone and at Castel-
laccio Europarco. At Casal Bertone, the MMD between the sé&x®.021, with a standard
deviation of 0.08, meaning this result is not statisticalfynificant. At Castellaccio Europarco,
the MMD between males and females is -0.040, with a standartion of 0.06. This result

is also statistically insignificant, and the negative vadtithe MMD indicates these two pop-
ulations are very similar. Neither site therefore proviéeg evidence that might indicate an

influx of nonlocals of one sex, such as in exogamous marriagenns.

C.5 Gower’s General Similarity Coefficient

The other statistic used on the nonmetric cranial data wage®@® general similarity co-
efficient, which compares the suite of nonmetric traits fcheindividual with that of another
individual, providing a matrix of similarities that can beaghed using cluster analysis.

Three out of the 18 adults studied from the Casal Bertone ataus (figure C.1) are
relatively dissimilar from the remainder of the individeaF1C, F3A, and F3B. F3A and F3B
were buried in the same place, loculus 3 of the mausoleumi-a@dwas the third individual
buried in loculus 1. In general, multiple burials in one Ihsuof a mausoleum are thought to
represent a family grouping. It is therefore interestirgg tither individuals from loculi 1 and 3
do not cluster with these outliers, and that F3C and F1D ams$elves quite similar. F3A and
F3B, however, did not present teeth to be analyzed with 8tnonor oxygen isotope analysis,
and they are very incomplete skeletons (0-25% completeréds F1C could be identified as
a female around 51-60 years old, both F3A and F3B could onlgdgesl as middle-aged and
older adults, with F3A being a probable male.

Figure C.2 is the cluster diagram of the Gower coefficienhefCasal Bertone necropolis.

One group of six individuals clusters much later than thé oéshe individuals and are thus
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Figure C.1: Casal Bertone Mausoleum - Gower Similarity Goeht

most dissimilar to the others: T48, T77, T30, T37, T10, an@H.8Unlike the mausoleum
samples, the individuals identified as anomalous from tloeap®lis context of Casal Bertone
represent a variety of adult age ranges and both sexes. élétskis were at least 50% com-
plete, but individuals T30 and T37 could only be scored fon@ & nonmetric cranial traits,
respectively. Issues of taphonomy likely affected the Itesaf the Gower coefficient and sub-
sequent cluster graph. Had all the crania in the necropeks lzomplete, it is likely that the
Gower statistic would have produced very different results

At Imperial Castellaccio Europarco, the Gower statisteniified four individuals that clus-
ter late with the rest of the population (figure C.3): ET692FTET72, and ET43. All of these
skeletons were at least 75% complete, and every nonmetiictuld be scored on the crania

from ET27, ET43, and ET69. In the Imperial phase of this $aphonomy was not likely an
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Figure C.3: Castellaccio Europarco - Gower Similarity Gioednt

issue that affected the Gower statistic. Only males areesgmted in the anomalous cluster,
which might lend support to a hypothesis that more males tearales migrated to Rome.

There is a statistically significant underrepresentatibfemales at Castellaccio Europarco
(see chapter 4, section 4.4.2), however, so conclusiong aeg-related differences in migra-
tion practices cannot be based solely on this one nonmetaiysis.

At both Casal Bertone and Castellaccio Europarco, thereappo be no strong pattern
(e.q., age, sex, preservation) to the individuals idewtidie different by the Gower coefficient.
Males are represented far more often than females, but iethtmve a skewed sex ratio. The
Gower statistic has no explanatory power, however, so tfiereinces seen in the nonmetric
trait data could be related to taphonomy or to a number o&béat affecting skeletal remains,

from growth and development to diet and disease.
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C.6 Discussion

The main goals of this project are to isolate individuals vikely immigrated to Rome,
figure out where they emigrated from, and characterize tiwes in the Imperial capital. Non-
metric trait analysis furthers these goals by indicatingciiskeletons are statistically dis-
similar from the rest. Because the structure of the Romanlptipn and, particularly, of
immigration to Rome is unknown, model-bound approachediclvhypotheses are tested are
inappropriate for this study. The model-free approach afgisranial nonmetric traits as the
data set for the mean measure of divergence statistic an@&ayeneral similarity coefficient
allows for broad generalizations about the two study pdmra and about individuals whose
suite of nonmetric traits is anomalous.

Dozens of nonmetric traits were scored as a routine part @& dallection in order to
understand in broad terms the composition of the populatothe two sites. Biodistance
analysis using Smith’s MMD showed that the people from thdiexgphases of Castellaccio
Europarco were significantly different than those from timpérial phases of both sites. This
finding could be spurious as a result of small sample sizdveasdmbined Republican sample
from Castellaccio Europarco totaled only 10 individualowéver, most of these individuals
presented crania that could be scored for nearly all nonertedits. It is not unreasonable to
interpret this difference as related to an influx of new pepphd thus new genes, at some
point in the early Imperial period, as Rome became the seathafge Empire and the city’s
population grew quickly. Because of the small number ofvittlials from the earlier phases
of Castellaccio Europarco and because of the chronoloditfatence between them and the
Imperial contexts of both sites, the earlier Republicanviddals are discussed separately in
appendix B. Nonmetric trait analysis further indicated thase individuals are not comparable
to the Imperial populations studied in this project.

The Gower coefficient is very easy to calculate but difficalirtterpret. It is up to the re-
searcher to decide which individuals in which cluster repree anomalous individuals, and in

this case the impossibility of scoring every cranium forrgugonmetric trait complicates the
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measurement of the statistic. This coefficient, however pssibly find anomalous individu-
als in a large pool of data. If a researcher is hindered by ddéknding for chemical analysis,
using non-destructive methods such as the Gower simileoificient on nonmetric trait data
is a way to pare down a population. Selecting a sample papnol&dr chemical analysis with
reference to the Gower coefficient of nonmetric crania ttath maximizes the possibility of

finding individuals with minimal destructive analysis.

C.7 Conclusions

Nonmetric cranial analysis is not the best method for idginiy immigrants in the lower-
class Roman populations in this study, as nonmetric treststly used to ask inter-population
guestions of a population of pooled data. The one statistiethod applicable for identifying
anomalous individuals lacks explanatory power and theee$erves as a way to understand
general trends within the populations. Destructive chafamalysis, in spite of drawbacks
of its own, much more clearly delineates anomalous indizislin the Roman population than
statistical analysis does. Identification of anomalous/iddals at Rome using non-destructive
analysis is thus best done through cranial and dental regttéta sets that are not available in
this project owing to the condition of remains of the indivads from Castellaccio Europarco
and Casal Bertone. Chemical methods, however, remain gteMag to uncover immigrants
from these two populations. As the Archivio Antropologicsteological database of the So-
printendenza Archeologica di Roma (Catalano, 2001) growmesugh the contributions of Ital-
ian, French, and American bioarchaeologists who study Raemmains, it will become possi-
ble in the future to use both model-free and model-boundagmtres to investigate population

interaction.
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