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ABSTRACT
The reconstruction of ancient diets by means of stable isotopes analysis acquires a deeper meaning when their results are compared
with other odonto‐skeletal indicators which are strongly contextualized in the light of historical and archaeological evidence.
Nevertheless, the outcomes can be contradictory or, more realistically, they may not completely satisfy our hypotheses on how
complex and diverse conditions ‐ such as health status, life style, diet and nutrition ‐ can actually interrelate in the life course of an
individual.
15
13
In this study we present and discuss evidences from Isola Sacra and Velia, two Roman Imperial Age coastal towns. The δ N and δ C
values are compared with demographic and health status parameters, such as age, sex, stature, auricular exostoses, DISH, cribra
orbitalia, enamel defects.
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1. INTRODUCTION
The study of the funerary complexes is always and
necessarily accompanied by the analysis of human bones and
teeth. A fruitful relationship between the two areas of research
was in fact established through dialogue and collaboration both on the field as in the laboratory - and led to significant
advances in the historical reconstruction of the biocultural
dynamics that characterized the evolution of human
populations in space and time. The final outcome is the attempt
to provide a consistent response to the growing demand, by
archaeologists and historians, of coherent reconstructions of
past adaptations to the environment.
Skeletal anthropology has matured, since the immediate
post-war period, its own disciplinary status, which takes
advantage of the development of advanced technologies and
methods of investigation. Nevertheless, the reconstruction of
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biological adaptations of past populations, based on
odontoskeletal remains, is extremely difficult and complex. This
difficulty is even more evident when approaching the subject of
dietary and health status reconstructions in the highly stratified
Roman Imperial society.
The study of biocultural adaptation scenarios of ancient
populations has, in fact, proved to be a difficult challenge.
Indeed, the validity of the mortality models based on skeletal
analyses was deeply criticized by the contributions of Boquet
and Masset [1] and Wood and associates [2], who undermined
the reconstructive power of paleodemographic and health
status indicators in the odontoskeletal record. Fortunately, over
twenty years after the publication of these basic critical tools,
skeletal anthropology is consistently increasing the quantity and
especially the quality of the information today extractable from
skeletal populations. This contribution illustrates the usefulness
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of collagen Carbon and Nitrogen isotopic composition studies
as proxy of ancient diet. The data from two major Italian
coastal communities of Roman times are used not only to
reconstruct diet, but are analysed in the framework of the
morphological, histological and paleopathological evidences,
opening unexpected interpretive opportunities.
2. MATERIALS AND METHODS
2.1. The skeletal material from Isola Sacra and Velia

The two skeletal series come from the Roman Imperial
necropolises of Isola Sacra (Lazio, I-III cent. AD) and VeliaPorta Marina (Campania, I-II cent. AD) (Figure 1). Isola Sacra
has been the main necropolis of the harbor town of Portus
Romae, serving the capital of the empire. The several
excavation campaigns have yielded more than 2000 skeletal
individuals. Porta Marina was the southern gate graveyard of
Velia, a port town on the Tyrrhenian Sea. More than 300
skeletons were recovered. The high level of preservation and
completeness of both skeletal collections has allowed an
extensive and highly standardized data recording. In this study
the isotopic individual data, available for 117 individuals from
Velia and 105 individuals from Isola Sacra, are crossed with
other anthropological data.
2.2. Sex and age‐at‐death diagnosis

When dealing with well represented skeletal individuals, sex
estimates can reach high levels of consistency. Sexing on the
base of skull and pelvis morphology gives 98 % of correct
diagnosis [3]. A recent study has demonstrated a similar
discriminative power in the application of univariate and
multivariate methods on long bones [4].
The level of reliability of the several aging techniques
proposed in literature has been questioned and tested in
numerous anthropological studies. The most critical
contribution [1] pointed out that skeletal age-at-death estimates
tend to mimic the age distribution of the reference sample from
which the criteria were developed. This issue can be partly

overcome by employing procedures such as the "combined"
method [5], the summary age method [6] and the transition
analysis [7]. Another important issue is the level of consistency
among researchers and across laboratories [8]-[10].
In this study, the analyses for sex and age-at-death
assessments were performed following the criteria commonly
reported in literature [3], [11], [12]. Sex was mainly diagnosed
on the basis of the morphology of the pelvis and the skull. Age
at death of adults individuals was estimated by means of many
odontoskeletal indicators, which included, among others,
degenerative changes of the pubic symphysis and auricular
surface of the pelvis; morphological variation of the sternal end
of the 4th rib, dental wear and ecto- and endocranial suture
closure. The subadults were aged according to dental formation
and eruption stages [13] and skeletal maturity and dimensions
[14].
In our age at-death assessment we followed the approach of
the combined method in order to minimize the "reference
sample effect". We also tested, in the Velia series, the intraobserver level of consistency. A subsample of 241 skeletal
individuals was aged by two researchers separately. The level of
agreement reaches 88.8 %, while in the remaining cases the
discordance never exceeded one age class. As expected, the
inter-observer error was very low for subadults (5.8 % of the
total estimates) in comparison with the adults (>20 years 18.6
%). The cases of discrepancy have been resolved with an
additional assessment performed by a third observer, and using
wider age classes.
2.3. Stature

Adult stature estimation can be considered as a rather good
descriptive of the life conditions of a population because,
beyond the direct action of the genetic pool, is strongly
influenced by the health status and diet during early life [15].
Estimation of stature in archaeological samples relies on linear
regression formulae derived from reference collections that
correlate the length of long bones (femur, tibia, fibula, humerus,
radius, ulna) with living stature (i.e. [16]-[19]). The choice of the
most proper regression formula to be used is crucial: the
equations available in the literature are calibrated on specific
modern population samples and the body proportions of the
archaeological sample should be consistent with that of the
reference one [20]. As suggested by Giannecchini and MoggiCecchi [21], the Pearson's regression formulae are the most
reliable for Italian historical samples, thus adult living stature in
our Roman Italian coastal population was calculated applying
this regression method.
The maximum length for each bone, with no regard about
side, was measured following the standard technique by Martin
and Saller [22]. For each individual, the length of all the
available long bones (considering femur, tibia, humerus, radius)
was measured and the stature was given as the mean value of all
the obtainable estimates.
2.4. Pathological assessments

Figure 1. Geographic location of the port towns of Portus Romae and Velia
Porta Marina.
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In the last decades, paleopathology has undergone a
significant shift from descriptive analysis on individual cases to
a population-based epidemiological perspective. The
quantification and the cross comparison of past population
health status present problems of diagnosis and interpretation
[2], [23]-[25], which correlate with the standardization of the
scoring methods and with inter-observer consistency [26], [27].
Finally, the paleopathological practice has to deal with the
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continuum model of pathological skeletal signs and the issue of
how to better ascribe the progressive manifestations to clear-cut
discrete categories.
In our study, the following macroscopic health indicators
were recorded: cribra orbitalia; enamel hypoplasia; diffuse
idiopathic hyperostosis (DISH), external auricular exostosis
(EAE). All the health indicators were systematically recorded
for the whole sample. The general guidelines for diagnosis and
assessment of the pathological changes are reported in Buikstra
and Ubelaker [11] and Grauer [28]. DISH was positively
diagnosed by the pathognomonic features of the vertebral
column; i.e. the ossification of the anterior longitudinal
ligaments of the spine. Enamel hypoplasic defects on teeth
were counted and chronologically assessed by measuring their
relative position from the cervical line (cemento-enamel
junction) [29]. A 4 grade recording system was used in the
assessment of presence and severity of cribra orbitalia, according
to Buikstra and Ubelaker [11]; while the recording of external
auricular exostosis followed the method presented in Crowe
and colleagues [30].
2.5. Dental enamel histology

Histomorphometrical analysis of tooth crowns allows
enhancing and interpreting enamel microstructures that are
formed during amelogenesis (i.e. weekly Retzius lines and daily
cross striations [31]) as result of the regular periodicity of
enamel matrix secretion. A physiological stress event strong
enough to temporary disrupt amelogenesis, causes an abrupt
change in the orientation of the enamel prisms, visible in an
histological thin section as a broad dark band (Accentuated
Retzius Line (ARL) or Wilson band [32]). Thus using the long
and short period markings of enamel formation, it is possible to
reconstruct the temporal scales of stress event chronology. The
scale is zeroed at birth, marked by the first Accentuated stria,
the Neonatal Line [33], [34].
To establish the chronology of the stress events in the
deciduous teeth the regression formulas proposed by Birch and
Dean [35] were used, while for the first permanent molars the
method by Guatelli-Steinberg and collaborators [36] has been
applied, based on the average daily rate of enamel secretion
(about 2.85 µm per day) within 200 µm from the Enamel
Dentine Junction. Starting from the tip of the dentine horn and
following an enamel prism toward the outer surface, the first
ARL was detected and the corresponding length was measured.
The same procedure was applied to all the ARL encountered in
the lateral enamel moving toward the tooth neck. The
regression formulas transform distances in days of enamel
formation.
This methodology has been used to determine with a daily
accuracy the age at death of immature individuals in a
subsample from Velia, presenting the Neonatal Line and the
crown still forming at the time of death.
Thin sections of dental crowns were obtained using the
method proposed by Caropreso and colleagues [37]. The teeth,
after an ultrasonic bath, were included in bicomponent epoxy
resin (Epofix Buehler) and cut in longitudinal buccolingual
sections by means of a diamond blade microtome (Leica
Microtome Diamond Blade 1600, Leica AG). Each section was
thinned with abrasive paper mounted on a motorized grinder in
distilled water (Minimet 1000 Automatic Polishing Machine,
Buehler) up to about 100 µm. Further polishing with alumina
powder (0.05 µm gamma alumina Micropolish B, Buehler)
allowed the elimination of the cutting marks and the
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enhancement of the features of the fine structure of the enamel.
After assembling the cover glass, each thin section was digitally
recorded through a camera (Leica DFC 295) attached to an
optical microscope (Laborlux S, Leica AG) under polarized
light, with the magnification of 40× (resolution 1600×1200
pixels). To digitally analyze the images, each crown was
reconstructed assembling overlapping pictures using dedicated
software (Fiji - plugin Mosaic j, [38]).
2.6. Isotopes analyses

The isotopes analyses for diet reconstruction were
previously performed and published [39]-[41]. Full details of the
sampling and analytical methodologies, as well as individual
data, are given in the above mentioned studies.
3. RESULTS AND DISCUSSION
3.1. δ15N and δ13C values of Isola Sacra and Velia

The diet composition of Velia and Isola Sacra, compared
with data available in literature for the Roman Empire, is
presented in Figure 2. The two samples under study are
characterized by a high intra-site variability. For δ15N, in fact,
the values show the coexistence of both low and high protein
intake diets, the latter possibly deriving from marine food.
As already suggested in [39]-[41], males tend to consume
more high trophic foods (meat and/or fish) than females
(Figure 3), even if this tendency is statistically significant in
Velia but not in Isola Sacra.
3.2. Velia: diet and stature

Adult stature, although being a multifactorial trait influenced
by a complex interplay of genetic and environmental factors, is
commonly used as a proxy for health and nutritional status
during growth [15]. The relationship between stature and diet
composition for Velia is presented in Figure 4. Results show a
positive correlation between individual height and δ15N values,
reaching the significance only in the male series (generalized
additive regression model, p=0.022).

15

13

Figure 2. Plot of convex hulls of the δ N and δ C individual values in Velia
(blue), Isola Sacra (red) and other Roman Imperial Age skeletal series (grey).
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Figure 3. δ N and δ C values in Velia and Isola Sacra by sex.
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Figure 5. δ N and δ C values and presence of the external auricular
exostosis (EAE).

and cribra (Figure 6) point out that the individuals showing the
highest δ15N values do not present the lesions, while for the
lower values both affected and unaffected individuals are
equally represented. Overall, cribra and diet are not correlated at
a level significantly different from zero.
3.5. Velia: diet and DISH

Figure 4. 3D scatterplot and generalized additive regression of stature in
males (green dots) and female (blue dots) of Velia in reference to N and C
isotopic ratios.

Diffuse idiopathic skeletal hyperostosis (DISH) is a
pathological condition characterized by vertebral ankylosis and
extraspinal bone proliferations. DISH has a complex etiology: it
is often found associated with different metabolic disorders and
it is more frequent in aged males. In the Velia male sample, the
occurrence of DISH is rather high (12.5 %; N=48), when
compared with other archeological series [43], and significantly
correlates with high δ15N values (Figure 7), thus contributing
with positive results to the issue of the possible influence of
nutritional habits in the onset and manifestation of the
pathology [44], [45].
3.6. Velia and Isola Sacra: health status and weaning

Histomorphometrical analysis of the dental crowns was
performed in a subsample of 79 subadults from Velia and

3.3. Velia and Isola Sacra: diet and auricular exostosis

External auricular exostosis (EAE) is an abnormal bony
growth within the external ear meatus that has proved to be
very informative in detecting aquatic working activities in past
populations [40]. The frequency of EAE in Isola Sacra and
Velia adult males is rather high (21.1 % and 35.3 %,
respectively). The presence of this specific occupational marker
is significantly higher among the marine food consumers in
Velia, as shown in Figure 5. Conversely, at Isola Sacra, the
correlation between EAE and the C, N isotopic ratio fails to be
significantly different from zero.
3.4. Velia: diet and cribra orbitalia

Cribra orbitalia is a pathological lesion consisting of porosities
in the outer table of the orbital roof. It is mainly linked to iron
deficiency anemia, of acquired (unbalanced diets, diarrheal
disease, intestinal parasites) or hereditary origin (i.e. sickle cell
or thalassemia). Other possible but rarer causes have also been
acknowledged [42]. Cribra frequency in Velia is 28.4 % (N=74)
with no differences between sexes. The combined data of diet
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Figure 6. Velia: Nitrogen and Carbon isotopic delta values and presence of
cribra orbitalia.
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Figure 7. Velia: Nitrogen and Carbon isotopic delta values and presence of
DISH.

compared with the results obtained from the histology of 127
deciduous teeth from the Isola Sacra sample [46].
Figure 8 shows the monthly prevalence distribution of the
defects in both Velia and Isola Sacra. In both samples, the
general trend of the curve is comparable, and shows a steep rise
in months 1-5 possibly related, as expectable, to the decline of
the maternal buffer. The higher monthly prevalence values
observed in Isola Sacra suggest worst general health conditions
during infancy, that could be related to a much broader range
of the socio-economic status in reference to the smaller and
more homogeneous Velian community.
Such kind of morbility trends is usually associated with the
stress of weaning; however, the maximum peak in Velia seems
to occur too early to be consistently explained with this
hypothesis.
In Isola Sacra the high number of physiological stresses
(ARL), registered from birth to 9 months, seems to do not
affect the survivorship of children at later ages (R=-0.037).
Similarly, the number of ARL does not consistently associate
with diet (Figure 9).

especially regarding the levels of protein intake. Both samples
show indication of marine food consumption. These evidences
can be explained by the geographical location of the towns,
together with the social complexity and differential subsistence
strategies within the communities.
In the study of past populations, diet is usually considered a
good proxy for wellbeing and it is usually presented and
discussed as a standing alone evidence. Conversely we think
that a more in-depth comprehension of ancient life conditions
can be obtained through a strong historical and archeological
contextualization and through the integration of data from
multiple sources. Nevertheless, crossing stable isotope data with
demographic, morphological and health parameters not always
yields univocal results of simple and straightforward
interpretation.
In fact, we found that Nitrogen delta values significantly
correlates with a specific occupational activity (EAE), higher
statures and the manifestation of a skeletal disorder (DISH),
conversely the association of diet and aspecific stress indicators
(ARL and cribra orbitalia) was not detected. Possible
explanations can be suggested by the fact that cribra orbitalia,
observed in the adult sample of Velia were developed during
infancy and adolescence. However, recent calibrated studies on
bone remodeling rates [47] suggest that the isotopic signal in
the adult bone still reflects most of its later infancy, adolescence
and early adulthood.
The absence of correlation between diet and ARL in the
growing segment of Isola Sacra deserves further consideration
and analysis, since it goes straight to the issue of the differential
(and hidden) frailty of individuals and its influence in their
morbidity and mortality.
In conclusion, the identification of physiological stress
events and processes (such as weaning), the quantification of
timing of formation, maturation and tooth eruption, the
reconstruction of the differential diet inter- and intrapopulation and its changes in the course of life, represent
invaluable information, which allows to build models of
adaptive strategies, migrations, health and growth in an ancient
population. Since these events are recorded at the tissue level in
varying degrees during growth, their measure allows to
challenge (although not entirely) the Osteological Paradox,
offering the unique opportunity to carry out a longitudinal and

4. CONCLUSIONS
The Carbon and Nitrogen stable isotope analysis depicts the
dietary habits of Velia and Portus Romae communities,
showing a high degree of variability in the diet composition,

Figure 8. Maximum prevalence of stress events in Velia and Isola Sacra.
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Figure 9. Isola Sacra Nitrogen and Carbon isotopic delta values and ARL
number in the deciduous teeth analysed.
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transverse study of a mortality sample. The ultimate goal is to
lay the basis for a (possible) consilience, or unity of knowledge,
of history, archeology and anthropology.
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