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USING SKELETAL REMAINS
AS A PROXY FOR ROMAN
LIFESTYLES
The potential and problems with osteological
reconstructions of health, diet, and
stature in imperial Rome
Kristina Killgrove

Introduction
Analysis of human skeletal remains is becoming increasingly common in classical bioarchaeology,
particularly because of the way historians and demographers have begun to pair osteological
and biochemical data with evidence from archaeology, epigraphy, and historical records. The
field of bioarchaeology has been practised since the 1970s in both the US and the UK, so some
geographical and temporal areas have been well studied and methods have been honed in order
to answer questions as fully as possible. This is not the case in classical bioarchaeology, where
the application of skeletal analysis to answer questions about the Greco-Roman world is much
more recent. Skeletons and cemeteries are largely being studied piecemeal owing to vagaries
in collections, funding, and personnel available for these sorts of analyses.
While the US and UK benefit from published standards for data collection, making many
data comparable across time and space, data collection is more haphazard in the Mediterranean.
Some researchers use the US Standards for Data Collection from Human Skeletal Remains (Buikstra
and Ubelaker, 1994), some researchers use the UK Guidelines to the Standards for Recording
Human Remains (Brickley and McKinley, 2004), and others use methods drawn from one or
more additional sources (e.g., Moore-Jansen et al., 1994, Steckel et al., 2005; see also individual
countries in Márquez-Grant and Fibiger, 2011). The lack of standardization in data collection
leads to problems in undertaking synthetic treatments of classical bioarchaeological data. This
in turn means a difficulty in being able to marshal evidence to answer larger questions about
complicated topics such as imperialism, migration, and health. No true synthetic treatments of
classical bioarchaeological data yet exist, although several recent edited volumes have begun
to bring together osteological, biochemical, and contextual data for the Greek (e.g., Schepartz
et al., 2009) and the Roman world (e.g., Eckardt, 2010, Piccioli et al., 2015).
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For the reconstruction of ancient lives, both individual and collective, this means that we
often cannot be sure that data drawn from one cemetery are able to be extrapolated to larger
questions about bigger populations. This is not exactly earthshattering news, as researchers have
grappled with lacunae in the written and archaeological records for centuries. Skeletal data,
however, have different strengths and drawbacks than historical records and archaeological
remains, and care needs to be taken in attempting to synthesize these disparate lines of data
(Perry, 2007), particularly since history and archaeology represent the elite segment of the
Roman population far more than do skeletal remains.1
Skeletons do not usually tell us what people died from; rather, they frequently tell us about
the diseases and conditions people lived with (Wood et al., 1992; Wright and Yoder, 2003).
In reconstructing Roman health, we need to keep in mind that the relationship among
biology, culture, and the environment is complex. No single metric will sufficiently express
the range of health outcomes for the culturally and socioeconomically diverse populace of
imperial Rome, but multivariable and wide-ranging synthetic research has the potential to add
considerably to our knowledge of life in the ancient world.
This contribution therefore attempts to look at what we do and do not know about health
in imperial Rome from the bioarchaeological data. The lack of standardization in data collection
and lack of publication of data are the biggest barriers to this, however, precluding all but
surface-deep analysis. To the extent possible in this small space, I synthesize osteological
information from cemeteries in the suburbium in order to look at disease, diet, and stature, all
of which have been used as proxies for Roman health and, by extension, economic wellbeing
(e.g., Scheidel, 2012a).

Osteological proxies for Roman health
Three primary lines of evidence inform our basic understanding of Roman health from an
osteological standpoint: palaeopathology, or the investigation of patterns of disease; biochemistry,
which uses carbon and nitrogen isotopes to approximate overall diet; and postcranial morphology,
which employs length of long bones to understand secular changes in stature (Steckel, 1995;
Ortner, 2003; Katzenberg and Saunders, 2011; Martin et al., 2014; Larsen, 2015). Individually,
each approach involves different data collection and different methodologies.
Pathological data, for example, are often recorded as either present or absent, although some
may be further coded with respect to the part of the body that is affected (Ortner, 2003;
Buikstra and Ubelaker, 1994). These data include evidence of infectious, metabolic, and
degenerative diseases, as well as traumatic injuries. Generic measures of health are usually drawn
from evidence of metabolic diseases like anaemia, in which frequencies of porotic hyperostosis
and, sometimes, the severity of those lesions are recorded. Childhood stress is recoverable
through evidence of dental enamel hypoplasias; their presence is often recorded, but their
location on the tooth much less often.
Dental enamel caries and sometimes wear are used in conjunction with biochemical analyses
to uncover the ancient diet (Larsen, 2015). Carious lesion presence, severity, and location are
all generally recorded in order to facilitate population-based analysis (Buikstra and Ubelaker,
1994). Dental wear is much more rarely collected systematically and is usually consigned to
qualitative reports on specific skeletons. Analyses of stable carbon and nitrogen isotopes are
gaining in popularity, as they more directly reflect an individual’s diet, and as a wider range of
statistics can be done in order to investigate these data.
Postcranial morphology, or measurements of long bones, is primarily used to reconstruct
stature (Steckel and Rose, 2002). While the raw data of long bone length are highly comparable
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across time and space (Steckel, 1995), almost no researchers have reported these data for
imperial Rome. Rather, calculated stature based on published regression equations is typically
listed in reports and articles, making it impossible to directly compare the information across
populations, particularly when the stature equation used is not provided or when only average
stature is reported.
These sets of information that help create our proxies of health include both discrete and
continuous data, which involve different statistics, reporting standards, and interpretive potential.
In the remainder of this section, I summarize the published, verifiable information from the
osteology of imperial Rome, with the aim of demonstrating what we know and where we
need to go with this research.

Palaeopathology and health
As I note more fully in a different publication (Killgrove, 2017), among imperial Roman
skeletons, the most commonly recorded pathological conditions are porotic hyperostosis and
dental enamel hypoplasia. Porotic hyperostosis, which appears as holes in the eye orbits (cribra
orbitalia) or cranial vault (cribra cranii), is a non-specific indicator of health, as it results from
chronic anaemia (Goodman and Martin, 2002) that can be caused by diet, genetic conditions,
and/or parasites. Dental enamel hypoplasias are lines or pits that form when enamel production
is disrupted during childhood because of a prolonged episode of stress, such as weaning
or illness, so it is also seen as a general, non-specific health indicator (Goodman and Rose,
1990; H. King, 2005). Owing to the interest in malaria in imperial Rome over the past several
decades (e.g., Angel, 1966; Sallares, 2002), porotic hyperostosis in particular has been of palaeopathological interest.
Of the cemeteries excavated within the suburbium of Rome (here defined as roughly a 12 km
radius from the walls, or about the extent of the contemporary Grande Raccordo Anulare),
three have been relatively well published in terms of pathological data: a large sample from
Basiliano/Collatina (Buccellato et al., 2003; 2008), Vallerano (Cucina et al., 2006; Ricci et al.,
1997), and Osteria del Curato II (Catalano, 2001; Catalano and Di Bernardini, 2001; Egidi et
al., 2003) (see Table 20.1). Together, they total 239 individuals. To this can be added my work
at Casal Bertone and Castellaccio Europarco (Killgrove, 2010a), for an additional 186 imperialera skeletons from Rome. Inferences into Roman health are therefore being made primarily
on the basis of 425 skeletons, although the number of skeletons that have been excavated but
have not been studied or fully published is much larger.2
A few recent attempts at synthesis of pathology data have been made by historians (Pilkington,
2013; Scheidel, 2013) and bioarchaeologists (Gowland and Garnsey, 2010; Minozzi et al., 2013;
Piccioli et al., 2015), with the result being a suggestion that diseases such as malaria were
problematic in imperial Rome but also with an admission that more data are needed to better
understand the complexity of the question of Roman health.

Metabolic disease and childhood stress
In an article specifically addressing porotic hyperostosis and dental enamel hypoplasia (Killgrove,
2017) in imperial Rome, I found that the two sites that I investigated, Casal Bertone and
Castellaccio Europarco, were statistically similar to one another in terms of frequencies of these
conditions. These frequencies, however, are lower than those of Basiliano/Collatina, Osteria
del Curato II, Vallerano, and the rural Lucus Feroniae (Salvadei et al., 2001; Sperduti, 1997;
Manzi et al., 1999), and yet comparable to the reported frequencies at Gabii, Quadraro, and
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San Vittorino (Ottini et al., 2001; Catalano et al., 2001c). More importantly, the frequencies
of porotic hyperostosis vary widely throughout the suburbium and into the more rural areas of
Latium (see Table 20.1). Similarly, frequencies of dental enamel hypoplasia were significantly
lower at the two sites I studied than at any other site.3
Various reasons can be put forward to explain the differences in frequencies of these
metabolic and stress-related issues. One is that inter-observer differences or variation in recording
practices biased the data collection. Another is that factors such as nutrition, water sources, or
disease ecology affected the health of people living in and near Rome differently. To further
investigate these factors, I looked at where people came from and at potential comorbid
conditions (Killgrove, 2017). In correlating oxygen isotopes with porotic hyperostosis, it seems
that the people who came to Rome from warmer, drier areas were more likely to have
anaemia. There may therefore be a relationship between parasitic infection or malaria and
migration. I also noted a correlation between people with porotic hyperostosis and with high
levels of lead in their dental enamel. As heavy metal poisoning can result in anaemia, this
association points to a potential cause or to comorbid conditions.
As the question of malaria specifically and health generally continues to be of interest to
many classical scholars (Sallares, 2002), there is hope in the form of a new biochemical test that
can reveal malaria in ancient skeletal remains. Although the test, developed by Yale University
scientist Jamie Inwood, was just reported in March of 2015, it has purportedly been tested on
sixth century AD remains excavated by David Soren at Lugnano (Shelton, 2015). A test for the
polymer hemozoin, which the malaria parasite produces, provides a much clearer way of

Table 20.1 Individuals affected and crude/true prevalence rates (CPR/TPR) for porotic hyperostosis
and dental enamel hypoplasia among comparative imperial Roman populations
km from Cribra Orbitalia
Rome

Cribra Cranii

Dental Enamel Hypoplasia

CPR

(n/N)

CPR

(n/N)

TPR

(n/N)

Casal Bertone

2

15.9%

(10/63)

1.2%

(1/83)

2.2%

(52/1962)

Basiliano/
Collatina1

4

ca. 65%

—

50%

—

42.0%

—

Quadraro2

4

8%

—

—

—

—

—

Osteria del
Curato II3

11

79.2%

—

53.6%

—

—

—

Castellaccio
Europarco

12

13.6%

(3/22)

15.6%

(5/32)

2.5%

(14/563)

Vallerano4

12

69.2%

(18/26)

26.8%

—

63.5%

(502/790)

Isola Sacra6

25

—

—

—

—

35.5%

(281/791)

Lucus
Feroniae5

30

49.5%

(46/93)

10.7%

(14/131)

—

—

San Vittorino2 30

0%

—

—

—

—

—

1

2

3

4

Buccellato et al. (2003); Ottini et al. (2001); Egidi et al. (2003); Ricci et al. (1997); Cucina et al.
(2006); 5 Salvadei et al. (2001); 6 Manzi et al. (1999). This table reflects data from Tables 3 and 5 in
Killgrove 2017.
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investigating malaria in an ancient population than does the presence of porotic hyperostosis,
whose etiology is less specific.
In addition to better understanding malaria, biochemical DNA testing of skeletons could
reveal inherited anaemias that may have been present in the Roman population, with the most
common in the Mediterranean being thalassemia and G6PD (Crandall and Martin, 2012;
Oxenham and Cavill, 2010). To add to our understanding of childhood stress, researchers may
also want to look at Harris lines, or lines of growth arrest of long bones (e.g., Mays, 1995).
This evidence can be coupled with studies that track vitamin D and vitamin C deficiencies
(e.g., Brickley and Ives, 2008), to provide a more well-rounded picture of children’s health in
imperial Rome.

Reconstructing health in imperial Rome from osteological data
The data briefly presented above illustrate the drawbacks in using osteological data to reconstruct
the health of the population of imperial Rome and, in particular, the problems with using just
one proxy measure of health to do so. While the pathological conditions with the most data
points, porotic hyperostosis and dental enamel hypoplasia, reveal the presence of anaemia and
childhood stress in imperial Rome, the distribution of these data among cemeteries and age
and sex cohorts is variable, and statistical analysis does not reveal any particular patterns. There
is additionally no systematically collected, comparative data for trauma or for infectious or
degenerative diseases in imperial Rome (but see Killgrove, 2015, for data, and Killgrove, 2010a,
for interpretations). Given the data that can be compared, there is wide variation in frequencies
of pathological conditions in Rome, which is not surprising given the diversity of the population.

Biochemistry and diet
The ancient Roman diet came from a variety of sources, mainly foodstuffs containing protein
and carbohydrates (Garnsey, 1999; Prowse, 2001; Alcock, 2006; Cool, 2006). Stable isotope
analyses of carbon and nitrogen have been used for decades to characterize human diets in the
past because they provide a way to generalize the types and amounts of proteins and plant
matter in an individual’s diet (Krueger and Sullivan, 1984; Katzenberg, 2008; Kellner and
Schoeninger, 2007; Schoeninger et al., 1983). Measuring carbon and nitrogen isotopes within
the skeletal population of imperial Rome can therefore provide general information about
subsistence practices, which may differ based on inclusion in different sex and age cohorts,
based on status and occupation, or based on the location in which people were living (Beer,
2010; Garnsey, 1999; Purcell, 2003; Wilkins and Hill, 2006).
At the time of writing, the most recent biochemical study of the diet of individuals from
imperial Rome was published in 2013 by me and Robert Tykot. Using samples I took from
first–third century AD Casal Bertone and Castellaccio Europarco, Tykot analysed their carbon
and nitrogen isotope values. We found using this technique that the individuals we sampled
were all eating a diet based largely on plants such as wheat and barley, terrestrial meat such as
pork, and some aquatic resources and millet. These findings are, of course, in line with our
understanding of the ancient Roman diet, particularly considering that the dole in the late
imperial period included both wheat and pork (Garnsey, 1991).
Further, we compared the results from Casal Bertone and Castellaccio Europarco with other
data sets from imperial-era Italy (Killgrove and Tykot, 2013, 32–33) (see Figure 20.1). These
two Rome-area samples were statistically different from Velia, an imperial necropolis 400 km
south of Rome on the Tyrrhenian Sea, in both carbon and nitrogen, meaning differences in
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consumption of grain and aquatic resources (Craig et al., 2009). The distance between the sites
speaks more to differences in ecology, however, than dietary preferences per se. The two Rome
sites were also compared to St Callixtus (Rutgers et al., 2009), a late imperial burial location in
Rome reported to contain early Christian ascetics, and a statistical difference was found in
carbon values, possibly related to freshwater fish consumption at St Callixtus. In comparing Casal
Bertone and Castellaccio to the Isola Sacra sample from Portus Romae (Prowse, 2001; Prowse
et al., 2004; 2005; 2008), differences were again seen in both carbon and nitrogen, with the
people from Portus eating more aquatic resources than the inland Romans. While most people
in imperial Italy appear to have been eating wheat or barley, the variation in dietary protein
sources is more dramatic.4 Food choices likely varied based on age, sex, geography, socioeconomic
status, and religious background, but not all of these are recoverable osteologically.
The question of millet consumption has been raised recently, particularly in regard to
Bronze Age sites in Italy (e.g., Tafuri et al., 2009), in which people living in northern Italy
were found to have eaten more millet than people in southern Italy. One individual from
Castellaccio was shown to have eaten a diet composed of a significant amount of millet, but
there is also a more subtle difference between Castellaccio as a whole and Casal Bertone,
showing that the people from the site closer to Rome were eating less millet than were the

Figure 20.1 Map of imperial skeletal samples from Rome and its suburbium.
Legend: 1 – Casal Bertone; 2 – Basiliano/Serenissima/Collatina; 3 – Quadraro; 4 – Tomba
Barberini; 5 – Casal Ferranti; 6 – Osteria del Curato; 7 – Castellaccio Europarco; 8 –
Vallerano; 9 – Isola Sacra; 10 – San Vittorino; 11 – Lucus Feroniae.
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people living in the suburbs. There may be a relationship between social status and millet
consumption, or it may be that people living further from the city simply had greater access to
millet while those living near the city and potentially participating in the dole had greater access
to wheat.
Dental pathology data can be used in correlation with carbon and nitrogen isotopes as a
proxy for the ancient diet. For example, carious lesion and dental calculus frequencies are
generally higher in populations engaging in agriculture than in hunter-gatherer groups (Larsen,
2015) because of easier access to sticky carbohydrates that, combined with lack of oral hygiene,
give bacteria in the mouth free reign to produce cavities and plaque.
Frequencies of dental pathologies at Casal Bertone and Castellaccio Europarco (Killgrove,
2010a, 121–134 ff.) reveal that both conditions were more plentiful at Castellaccio than at Casal
Bertone (see Table 20.2), which could be the result of differences in diet or differences in dental
hygiene. The Isola Sacra sample from Portus Romae (Prowse, 2001), on the other hand, has a
statistically higher calculus frequency than either Rome-area site. In her dissertation, Prowse
(2001, 251–252) looked at correlations between dental disease data and stable isotopic measures
of diet. While she found a positive correlation between isotope values and dental wear,
suggesting that people who were eating more marine foods had more worn teeth, she did not
find much of a correlation between carbohydrate consumption in the form of carbon isotopes
and frequency of dental caries.
Future work on Roman diet may do well to correlate biochemical and pathological data to
a greater extent than has been done so far. Although there is no evidence from imperial Rome
that an over-reliance on a particular food led to dietary anaemia, this potential correlation has
not been fully investigated. In research on ancient Native American populations, bioarchaeologists used to look to diet as the primary explanation for porotic hyperostosis frequencies,
as consumption of too much maize can lead to a lack of bioavailable iron, contributing to irondeficiency anaemia (Walker et al., 2009; Waldron, 2009). While dietary anaemia is not the only
cause of porotic hyperostosis lesions, it may be worth investigating imperial Roman populations
further to see if overconsumption of foods high in phytates, such as wheat bran, can be seen
in the biochemical and palaeopathological data (on cereal consumption and phytates, see
Heinrich in this volume).
Another largely unexplored topic is fluorine in the Roman water supply. An analysis of
fluorine concentrations in dental enamel of skeletons from Herculaneum found much higher
than normal values (Torino et al., 1995). Since this skeletal population also has high frequencies
of dental enamel hypoplasias and much lower frequencies of carious lesions than expected,
Torino and colleagues suspect endemic dental fluorosis. Volcanic activity can lead to high levels
of fluorine in the environment (D’Alessandro, 2006), and Rome is situated between two
dormant volcanic complexes, so it is not unreasonable to ask whether there is natural fluorine
in the groundwater around Rome or in the water that was imported via aqueducts.

Table 20.2 Dental pathology frequencies in four imperial-era populations

Casal Bertone
Castellaccio
Vallerano1
Isola Sacra2
1

Caries Freq.

Caries TPR

Calculus Freq.

Calculus TPR

4.9%
8.3%
2.5%
5.4%

93/1917
52/625
35/1408
297/5548

35.3%
51.8%
—
72.9%

515/1459
260/502
—
4004/5495

Cucina et al. 2006. 2 Prowse 2001.
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Clearly, variation existed in the diet of the Roman people and of the people of the Roman
Empire writ large, so talking about the singular Roman diet is fraught with complications. Until
we can produce more data, particularly taking into consideration the possibility of importation
of foreign foodstuffs, the correlation with disease, and environmental and ecological variations,
the dietary conclusions we have reached are in general agreement with the historical record
but are population- and site-specific.

Postcranial morphology and stature
Because adult stature is influenced by both genetic and environmental factors, calculation of
height has been used in osteological investigations around the world to answer questions of
status and health (e.g., Steckel, 1995; 2009). If a child is sufficiently well-nourished and does
not suffer from disease or a heavy workload, that child is likely to reach his or her genetic
potential in terms of adult height. Stature is therefore considered a broad, non-specific indicator
of the relationship between humans and their social, economic, and cultural contexts (Larsen,
2002), much like porotic hyperostosis is. Body height is useful in comparisons between
populations as well as through time in order to view secular changes brought about by better
or worse living conditions (Moore and Ross, 2013).
Stature data have been collected from Italian skeletal samples for at least half a century,
but methodological problems with stature reconstruction began to be identified in the 1980s
(e.g., Formicola, 1983; 1993). Researchers such as Becker (1999) and Giannecchini and MoggiCecchi (2008) have attempted to find the most accurate stature regression equation that can be
applied to long bone lengths in order to reconstruct Roman height, and they settled on Trotter
and Gleser’s (1952; 1977) formulae for African-Americans from the early twentieth century.
While some researchers in Italy use these formulae, others prefer the White formulae, and still
others use different equations entirely. The choice of equation is not always referenced when
stature estimations are presented.
More recent work by Klein Goldewijk and Jacobs (2013), however, questions the very
utility of stature reconstruction of past populations. Using a database with long bone
measurements from more than 10,000 individuals throughout the Roman Empire, Klein
Goldewijk and Jacobs discovered that none of the commonly employed stature reconstruction
formulae was internally consistent in the Roman data. ‘Within a single population, long bone
length varies more than stature does,’ they write, which ‘suggests that long bone length has
gone up more than total body length, and that long bone length is a more sensitive indicator
of change in living standards’ (2013, 12). Rather than including lengthy discussions about the
most appropriate equation to use for reporting reconstructed stature, researchers should instead
simply report raw data for long bone lengths. In this way, comparisons across populations can
be made more easily and more accurately, and body length can be tested as a proxy for health,
diet, and socioeconomic status.
The Roman Empire database that Klein Goldewijk and Jacobs’ report references is
unfortunately unpublished, and Giannecchini and Moggi-Cecchi (2008) also do not appear to
have published raw data from samples around Italy. This lack of publication of data should soon
be changing as bioarchaeologists are increasingly being required by government and granting
organizations to place their raw data into open-access repositories. (On the way that geography
plays into comparisons of stature, see Flohr in this volume.)
The importance of Klein Goldewijk and Jacobs’ work, however, cannot be overstated. In
discovering inconsistencies in all stature reconstruction formulae, they essentially found that
reports that provide only calculated Roman stature are unusable. In terms of imperial Rome,
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although reconstructed stature data are reported for Basiliano/Collatina (Buccellato et al., 2003),
Tomba Barberini and Quadraro (Catalano et al. 2001a; 2001b), Vallerano (Ricci et al., 1997;
Catalano et al., 2001a; 2001b; Cucina et al., 2006), Casal Ferranti (Catalano et al., 2001a), and
Osteria del Curato (Catalano et al., 2001a; 2001b; Egidi et al., 2003), these data are presented
in the aggregate. While it is possible to look at these data broadly and say that both suburban
males and females are generally taller than their urban counterparts in imperial Rome (Killgrove,
2010a, 95), statistical analysis of trends is severely limited by the lack of raw data available.
To remedy the unavailability of long bone lengths, my own data from Casal Bertone and
Castellaccio Europarco can be found online (Killgrove, 2015), in a relational database linking
them to all other osteological and biochemical data I collected from the skeletons at these two
imperial-era cemeteries in Rome. Although I could find no raw data from sites in imperial
Rome with which to compare them, the data can be investigated statistically in terms of differences between the more urban site (Casal Bertone) and the more suburban site (Castellaccio
Europarco), as well as in terms of differences through time between the Republican and
imperial phases of Castellaccio.

Case study: long bone lengths from imperial Rome
In 2007, I collected a wealth of osteological data from two skeletal collections housed at the
Soprintendenza Archeologica di Roma. The cemetery of Casal Bertone was found during
construction activity in 2000 not far from the Aurelian walls of Rome. It is dated to the second
to third centuries AD and includes both a simple necropolis and a slightly later mausoleum
component (Nanni and Maffei, 2004; Musco et al., 2008). The cemetery of Castellaccio
Europarco was also discovered during construction in 2003 about 12 km south of Rome. It
has three different temporal components: two Republican-era phases of burial dating to the
fourth to third and the second to first centuries BC, and one imperial-era phase dating to the
first to second centuries AD (Buccellato, 2007; Buccellato et al., 2008).
In order to facilitate answering complicated questions about migration and urbanism, I
performed a typical osteological analysis on each skeleton using Standards (Buikstra and Ubelaker,
1994) as a reference, including estimating demographic data; taking measurements; recording
dental wear, dental and skeletal pathologies, and nonmetric cranial traits; and taking samples of
bone and enamel for biochemical analysis (Killgrove, 2010a). A variety of publications have
come out reporting biochemistry data and interpretations (Killgrove, 2010b; 2013; Montgomery
et al., 2010; Killgrove and Tykot, 2013; Killgrove and Montgomery, 2016), as well as pathology
data (Killgrove, 2017). Neither stature measurement data nor dental wear and pathology data
have been published fully, however. Here I present results of a basic statistical analysis of the
long bone measurement data.

Comparing stature between urban and suburban cemeteries
Owing to the small sample sizes of a data set that was already restricted to adults and had to be
separated by sex, potential differences in populations were assessed using t- and Mann-Whitney
U tests (see Tables 20.3 and 20.4). Maximum lengths of individual long bones5 were compared
between males and females from Casal Bertone and males and females from Castellaccio
Europarco to investigate whether assumed differences in urban versus suburban lifestyles may
have contributed to differences in stature.
Average length of the male long bones is consistently higher in the suburban population
from Castellaccio Europarco. These differences, however, do not rise to the level of statistical
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Table 20.3 Imperial Roman male long bone lengths
t-test (two-tailed)

Mann-Whitney U test

Site

Bone

Avg (mm) Stdev

N

t

p

se

U

p

CB
CE
CB
CE
CB
CE
CB
CE
CB
CE
CB
CE

Femur

438.41
439.06
313.22
314.93
232.9
237.19
253.57
257.73
348.13
349.0
365.35
366.25

17
15
18
14
21
16
14
15
16
7
23
12

0.1108

0.91

5.91

125

0.93

0.3092

0.76

5.52

118

0.76

1.1099

0.27

3.90

133

0.28

0.7785

0.44

5.35

88

0.47

0.1082

0.91

8.08

54

0.89

0.1280

0.90

7.05

155.5

0.86

Humerus
Radius
Ulna
Fibula
Tibia

16.51
16.89
13.99
17.25
8.21
15.02
8.12
18.38
15.85
22.04
15.82
25.97

Table 20.4 Imperial Roman female long bone lengths
t-test (two-tailed)

Mann-Whitney U test

Site

Bone

Avg (mm) Stdev

N

t

p

se

U

p

CB
CE
CB
CE
CB
CE
CB
CE
CB
CE
CB
CE

Femur

414.5
383.33
292.6
274.17
210.71
200.0
231.7
217
326
312
332.89
313.5

6
6
10
6
7
4
10
3
4
2
9
4

2.1254

0.06

14.66

30

0.055

2.8063

0.01

6.57

50

0.03

1.0576

0.32

10.13

17.5

0.51

1.2762

0.23

11.52

21

0.31

0.982

0.38

14.26

6

0.36

1.7438

0.11

11.12

33

0.07

Humerus
Radius
Ulna
Fibula
Tibia

17.74
31.23
9.71
16.83
14.33
19.32
16.0
23.07
18.57
7.7
17.59
20.74

significance in any of the bones. Suburban living may have been better for imperial-era males,
but more data will be needed.
The opposite pattern is seen in the female samples. Average long bone length is consistently
higher in the urban population, reaching statistical significance in the length of the femur,
humerus, and tibia. Urban living may have been better for imperial-era females, but again,
more data will be needed.

Comparing stature through time
Castellaccio Europarco presents three different phases in which burials occurred. The two
earlier Republican phases have few burials, so for the purposes of this case study, those data are
254

Using skeletal remains

collapsed into one sample and compared with the imperial data to examine whether long bone
length changed through time at this suburban site (see Tables 20.5 and 20.6).
The imperial-era male skeletons from Castellaccio have, overall, longer leg bones than do
the earlier Republican-era skeletons. Only the tibia, however, reveals a statistically significant
difference, and it is a weak significance. Interestingly, the Republican-era male skeletons have
longer average forearm bones, although not significantly so. It is possible that these small
samples demonstrate a change in body size from Republican to imperial times owing to better
access to nutrition and medicine, but it could just as easily mean a change in activity patterns,
particularly since the arms and legs show different size patterns.
There were far fewer female skeletons than male,6 and not enough data points to compare
tibiae or fibulae statistically. Republican-era female long bones are larger than imperial-era
ones, although the only statistically significant difference is in the length of the humerus.
The arm bones of both male and female skeletons from the earlier Republican periods of
Castellaccio Europarco are larger than the arm bones, particularly the lower arm bones, from
the imperial period. This could be a spurious result from small sample size, or it could indicate
a change in behaviour or environment between these two temporal periods.

Table 20.5 Male long bone lengths from Castellaccio Europarco
t-test (two-tailed)

Mann-Whitney U test

Site

Bone

Avg (mm) Stdev

N

t

p

se

U

p

Rep
Imp
Rep
Imp
Rep
Imp
Rep
Imp
Rep
Imp
Rep
Imp

Femur

431.0
439.07
312.4
314.93
239.75
237.19
259.0
257.73
340.6
349.0
344.5
313.5

6
15
5
14
4
16
3
15
5
7
6
4

0.9233

0.37

8.74

29.5

0.23

0.2604

0.80

9.71

32

0.78

0.3116

0.76

8.22

36

0.71

0.1102

0.91

11.49

26

0.68

0.7447

0.47

11.28

15

0.69

2.0052

0.06

10.85

21

0.159

Humerus
Radius
Ulna
Fibula
Tibia

21.07
16.89
22.57
17.25
13.05
15.02
16.64
18.38
14.12
22.04
4.72
20.74

Table 20.6 Female long bone lengths from Castellaccio Europarco
t-test (two-tailed)

Mann-Whitney U test

Site

Bone

Avg (mm) Stdev

N

t

p

se

U

p

Rep
Imp
Rep
Imp
Rep
Imp
Rep
Imp

Femur

393.0
383.33
312.4
274.17
207.75
200.0
223.0
217

4
6
5
6
4
4
2
3

0.5679

0.59

17.02

15

0.52

3.223

0.01

11.86

7

0.74

0.7616

0.48

10.18

9

0.77

0.334

0.76

17.97

4

0.56

Humerus
Radius
Ulna

15.12
31.23
22.57
16.83
6.4
19.32
9.9
23.07
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Figure 20.2 Maximum length of femur versus humerus in two imperial-era cemeteries.

Graphing the longest leg bone versus the longest arm bone provides a rough visualization
of the trends in body size at imperial-era Casal Bertone and Castellaccio Europarco (see Figure
20.2). Males, of course, have larger bones on average than do females, but it is clear that Casal
Bertone females are taller than their equivalent at Castellaccio. One Casal Bertone female,
individual F11A, falls within the male range. Pelvic and cranial morphology for this individual
were both clearly female. She was buried in the mausoleum component of the site and, as such,
may have been of higher status than most women buried in this cemetery.

Stature difficulties
In general, this case study would appear to show that in the imperial period, suburban males
were healthier than urban males, and that urban females were healthier than suburban females.
But in looking at the Republican versus imperial periods at one site, earlier males and females
had larger arm bones while later males had larger leg bones. Very few statistically significant
differences were found, however.
Although all individuals examined were measured using standard protocols by one researcher,
this data collection was not specifically set up for a study of stature. The resulting small number
of individuals whose long bone lengths could be used in this case study likely presents a
problem of bias of both the sample and the statistics. This method, however, does represent an
advancement over typical data presentation of averages alone and demonstrates that using
differences in body size to answer questions about past lifestyles is possible but needs to be
undertaken systematically.
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Conclusion: Roman bioarchaeology needs a multivariable
and interdisciplinary approach to health and lifestyles
Several different metrics can be calculated to investigate the health of the imperial Roman
people buried at Casal Bertone and Castellaccio Europarco. The more suburban sample had a
statistically higher frequency of the cribra cranii form of porotic hyperostosis compared to the
more urban sample, but both have much lower frequencies of porotic hyperostosis and dental
enamel hypoplasia than other published samples from imperial Rome (Killgrove, 2017).
In looking at stable isotopes, the people from Casal Bertone were eating less millet than the
sample from Castellaccio Europarco, possibly indicating the latter people were of lower social
status (Killgrove and Tykot, 2013), and Castellaccio also has a higher frequency of dental caries
(Killgrove, 2010a). Both samples add to a growing data set of palaeodiet results and show that
imperial Romans were not eating a single diet. In examining long bone lengths, however,
the suburban males have the largest bones while urban females have longer bones than their
suburban counterparts. These individual proxies for health are therefore inconsistent, with two
suggesting the urban population was healthier and one suggesting the suburban one was. In
addition, both populations are quite different in palaeopathology and diet than other published
sites.
Clearly, no single metric alone will sufficiently explain Roman health, which means that
researchers need to use data with caution but also with an eye towards complementarity. For
example, if we agree that stature can be affected by diet, we can test for correlations in long
bone length and carbon and nitrogen isotopes as both change through time or across populations
(e.g., Arcini et al., 2014). If we agree that porotic hyperostosis can result from malaria but also
from a host of other conditions, we can attempt to tease out an etiology using oxygen isotope
and lead concentration data (e.g., Killgrove, 2017). If we agree that occupation might be
identifiable based on skeletal remains, we can use data collected systematically on musculoskeletal
stress markers7 and osteoarthritis to find patterns of body movement.
Bioarchaeology has enjoyed an increase recently in methods used to extract information
from the skeleton. Isotope analyses of C, N, Sr, O, and Pb are already being done, and will
likely continue as they decrease in cost and difficulty. The potential of ancient DNA analysis
has not been fully felt in Roman bioarchaeology, however, although researchers are certainly
breaking ground around the empire. For example, Prowse and colleagues (2010) used DNA
to investigate population origins at Vagnari, and Gasbarrini and colleagues (2012) used genetic
evidence to back up a diagnosis of celiac disease at Cosa (Scorrano et al., 2014). DNA can
reveal information on ancestry, population movement, and even pathologies that people
inherited or acquired. Ensuring that this genetic work is done within an appropriate historical
and archaeological context is perhaps the biggest challenge Roman bioarchaeologists face in
moving forward.
As a field, bioarchaeology has also recently become more informed by social theory, which
has allowed us to generate new questions and to examine data in a different way. Most
prominently, life course analysis has been adopted as a reminder that what we see in the
skeleton is an accumulation of life experiences (Agarwal and Glencross, 2011). Although an
individual died at a specific point in time, at a specific age in his or her life, different osteological
and biochemical indicators provide windows into different points in that person’s life. Teeth
in particular form at various times, so analysis of multiple teeth means looking at age ranges in
that person’s life. This perspective has been used by Tracy Prowse in her work on diet and
dental health (Prowse, 2011) as well as immigration at Isola Sacra (Prowse et al., 2007), and
I have incorporated sociological discussions of transnationalism into my study of immigrants to
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Rome (Killgrove, 2010a; 2010b). Skeletons themselves may be static in the archaeological
record, but osteological analysis of them is not. While we cannot recover every activity, illness,
or event that happened during a particular person’s life course, the fact that we can get glimpses
of a lived life means osteological data are quite different than but also informed by historical or
archaeological records. The monstrous corpus of the Roman past is challenging to wrangle, but
collaborative work between anthropologists, archaeologists, demographers, and historians should
produce well-rounded, synthetic treatments of this complex ancient society.
This chapter has outlined some of the issues with the premature use of bioarchaeological
data for extrapolation to larger research questions. The practice of bioarchaeology in the
classical world has progressed quickly and has produced groundbreaking results, particularly in
regard to the lower-class individuals whose lives did not merit inclusion in historical records
and who are archaeologically invisible. Combining osteological and biochemical data with
archaeological information, historical context, and social theory holds outstanding potential in
the Roman Empire. The major barrier to these more complicated studies, however, is in the
collection and dissemination of data. If more researchers systematically collect and share their
data in a form easily accessible to others, we stand to gain great insights into the population of
ancient Rome.
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Notes
1

2

3

4
5
6
7

During the imperial period, inhumation and cremation co-existed. While cremation was the preferred
rite for many elite Romans, inhumation in simple graves likely represents the remains of the lower
classes (Toynbee, 1971). Cremation graves have been excavated in Rome dating to the imperial
period, as at Castellaccio Europarco (Buccellato et al., 2007), but there has been no systematic study
of these burials. This paper therefore addresses only the skeletal data from inhumations.
Some pathology data can be found in the aggregate in other publications (Catalano, 2001; Catalano
and Di Bernardini, 2001; Ottini et al., 2001; Catalano et al., 2012), and further from Rome are wellpublished samples like Isola Sacra (Prowse, 2001; Prowse et al., 2004; 2005; 2007; Manzi et al., 1991),
San Vittorino (Ottini et al., 2001; Catalano et al., 2001b, 2001c), and Lucus Feroniae (Salvadei et al.,
2001; Sperduti, 1997; Manzi et al., 1999).
Killgrove (2010a, 132–135; 2015) reports all the dental enamel hypoplasia data from Casal Bertone
and Castellaccio Europarco, in addition to the measurements of those enamel insults. Using regression
equations, the location of the enamel insult can be employed to calculate the time at which it
occurred. This in turn can provide information on potential systemic issues, such as weaning, that can
be further investigated through such lines of evidence as nitrogen isotope analysis.
Nitrogen, which represents the dietary protein component, varies much more widely than does
carbon across all of ancient Italy (Tykot, 2014).
Measurement standards for long bone maximum length from Buikstra and Ubelaker (1994) were used.
Potential reasons for the gender bias in these two cemeteries are outlined in Killgrove (2010a, 80, 86).
MSM data are not systematically recorded in the osteological literature of imperial Rome. I have been
collecting these data at Gabii, although they are as yet unpublished.
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