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Abstract
This paper aims to define the dietary profile of the population of early medieval Rome (fifth–eleventh centuries CE) by carbon
and nitrogen stable isotope analysis. This period was characterized by deep changes in the city’s economic, demographic, and
social patterns, probably affecting its inhabitants’ nutritional habits. Carbon and nitrogen stable isotope analysis of bone collagen
was used to detect the nutritional profile of 110 humans from six communities inhabiting the city center of Rome and one from
the ancient city of Gabii. Thirteen faunal remains were also analyzed to define the ecological baseline of the medieval commu-
nities. The isotopic results are consistent with a diet mainly based on the exploitation of C3 plant resources and terrestrial fauna,
while the consumption of aquatic resources was detected only among the San Pancrazio population. Animal protein intake
proved to be similar both among and within the communities, supporting a qualitatively homogenous dietary landscape in
medieval Rome. The comparison with isotopic data from the Imperial Age allowed us to detect a diachronic nutritional transition
in ancient Rome, in which the collapse of the Empire, and in particular the crisis of economic power and the trade system,
represented a tipping point for its population’s nutritional habits.
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Introduction

The decline of the Western Roman Empire (476 CE) repre-
sented a remarkable tipping point for the history of the ancient
world. Archeological and historical sources exhaustively

depict this period, and the combination of these information
and scientific data can clarify as the events that followed the
deposition of the Emperor Flavius Romulus Augustus influ-
enced the lifestyles of the Romans (Ward-Perkins 2005;
Heather 2006). Especially, the dietary characterization of
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people living in the heart of the Western Roman Empire could
fill a gap in the current scientific knowledge about the eco-
nomic and social impact that Empire’s decline has had on
Roman people.

The transition towards the Early Middle Ages (sixth–ninth
centuries CE) wasmarked by a crisis of the centralized economy,
and the simultaneous closure of several trade routes resulted in a
significant shift to a self-sufficient economic system (Graeber
2011; Pounds 2014). Indeed, the former Imperial system inten-
sively supported agricultural practices, and advanced techniques
became widespread throughout the Empire through trade con-
tacts (Hopkins 2009). Both maritime and terrestrial trades in-
creased in the Imperial period (first–third centuries CE); ex-
changes with faraway areas, such as India and China, provided
Imperial Rome with novel foodstuff and goods (McLaughlin
2010), accessible to citizens through markets (horrea)
(Holleran 2012). This thriving system suddenly collapsed in the
fourth century CE. The Gothic War (461 CE–476 CE) reduced
the population of Rome to approximately 30,000 inhabitants,
who relocated, forming small communities close to religious or
manufacturing centers (Kulikowski 2008). The political instabil-
ity triggered a drastic decline in trade while depopulation led to a
crisis of the agricultural system (Heather 2006). Then, centralized
provisions, such as those granted by the Praefectus annonae,
disappeared (Garnsey 1999; Saltini 2010; Graeber 2011).
These conditions resulted in a self-sufficient economy where
each community produced the resources necessary for its own
subsistence (Saltini 2010; Graeber 2011).

Nevertheless, the arrival of foreign people, in particular
Germanic invaders, probably introduced novel dietary prefer-
ences to the lands of the former Roman Empire, leading to an
increase in the consumption of foodstuff untypical in Imperial
period (first–third centuries CE) (Hakenbeck et al. 2010;
Lightfoot et al. 2012). The introduction of new preferences
and lifestyles following people movements represents one of
the most significant markers of post-Imperial lifestyles in sev-
eral European populations (López-Costas and Müldner 2016;
Lightfoot et al. 2012).

Literary sources provide us plentiful information about the
dietary profile of the early medieval Italian people (Montanari
1979, 1981, 1988, 2012; Nada Patrone 1981; Adamson 2004)
that could be compared with the scientific evidence related to
their dietary reconstruction. During this period, people from
the Italian Peninsula used to base their diet on terrestrial food-
stuffs consisting of grains, legumes, fruits, and vegetables, as
well as animal proteins from meat and secondary products,
such as milk and dairy products (Montanari 1988). A sizeable
consumption of marine fish was not widespread and probably
restricted to wealthier members of society (Ervynck et al.
2003; Prowse et al. 2004, 2005). This picture of the dietary
landscape of theMiddle Ages in Italy (fifth–fifteenth centuries
CE) is supported by molecular data from paleo diet research
(Reitsema and Vercellotti 2012; Ricci et al. 2012; Pescucci

et al. 2013; Iacumin et al. 2014; Scorrano et al. 2014; Ciaffi
et al. 2015; Torino et al. 2015; Baldoni et al. 2016, 2018,
2019), even though it is far from being fully characterized.

Little information is currently available for the population
of Rome, which putatively suffered most from the conse-
quences of the Empire’s decline. This study tries to bridge this
gap through the molecular analysis of six funerary contexts
dating from the fourth to the eleventh centuries CE. This skel-
etal material represents a promising area of investigation into
Roman history during the Middle Ages (fifth–fifteenth centu-
ries CE), providing a glimpse into the dietary profile of the
Romans beyond the collapse of the Western Roman Empire.

This paper has three main objectives: (i) the dietary char-
acterization of the early medieval Roman population, (ii) the
evaluation of the medieval diet in Rome compared with other
Italian sites, and (iii) a comparison between medieval and
imperial data from Rome in order to identify the impact of
the Empire’s decline on their dietary habits.

Stable isotopes and diet

The analysis of the ratios of carbon (13C/12C) and nitrogen
(15N/14N) stable isotopes from bone proteins is widely used
to investigate dietary patterns in ancient populations (Lelli
et al. 2012; Itahashi et al. 2018; Pestle and Laffoon 2018;
Scorrano 2018; De Angelis et al. 2019).

These ratios are expressed as parts per mil (‰) by the delta
notation (δ), relative to a reference material: atmospheric N2

(ambient inhalable reservoir, AIR) for nitrogen and the
Vienna-PeeDee belemnite (VPDB) marine limestone for car-
bon (Mariotti 1983; Coplen 1996). This isotope signatures
provide information about diet: carbon and nitrogen primarily
derive from dietary proteins and carbon can also be obtained
from carbohydrates and lipids, in particular when the diet is
low in protein (De Niro 1985; Ambrose and Norr 1993;
Tieszen and Fagre 1993).

The isotopic analysis could be performed on collagen,
which represents the leading protein component of bones.
This compound is affected by turnover rates in skeletal ele-
ments, reflecting the diet for different lifetime stages. Hence,
the isotopic analysis for bulk-sampled bones represents a good
marker for reconstructing the diet of individuals during the last
years of their life. The extent of this period varies depending
on the skeletal district that is sampled, but a rough estimation
could be set to 10–15 years before death (Hedges et al. 2007).

Mechanisms of carbon isotopic fractionation allow us to de-
termine the consumption of plants with different photosynthetic
pathways (C3 and C4 plants, with C4 plants depleted in 13C)
(Tykot 2004). Carbon isotopes also enable us to distinguish be-
tween terrestrial-based and marine-based resources in a C3 plant-
based environment (Chisholm et al. 1982; Lubell et al. 1994).
Freshwater resources (both lacustrine and riverine) could be also
identified (Katzenberg 2008). Furthermore, 13C depletes when
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passing from plant tissues to those of animals (~ − 1‰) (Tykot
2004). Nitrogen isotopes are best employed in the identification
of the food net position of a species, and a nitrogen increase of 3–
5‰ being detectable rising up through each trophic level
(Katzenberg 2008). Considering a δ15N value of 0–5‰ in plants
(with maximum values of about 5‰ reached by terrestrial non-
leguminous plants), a δ15N value of 8–10‰ in human bone col-
lagen has been experimentally observed for a diet rich in terres-
trial resources (both plants and animals), with higher values (12–
22‰) for a diet rich in aquatic resources (Unkovich et al. 2001).

Furthermore, isotopic ratios can be biased bymetabolic and
physiological alterations due to starvation and diseases, when
mainly δ15N values are influenced by metabolic factors other
than diet. Such a confounding factor could be related to the
gluconeogenesis, where glucose is produced from endoge-
nous sources such as alanine, pyruvate, and lactate; and the
nitrogen source could be represented by own catabolized tis-
sues (Hobson and Clark 1992; Gannes et al. 1997; Katzenberg
and Lovell 1999; Mekota et al. 2006; Olsen et al. 2014). This
mechanism results in a further enrichment in δ15N, leading to
a boost in its values (Hobson and Clark 1992; Gannes et al.
1997).

This process could be considered on a par with the
breastfeeding effect as described by Fogel et al. (1989) and
Fuller et al. (2006), which have demonstrated that
breastfeeding infants’ tissues are enriched in 15N ( 2–3‰)
relative to maternal values as they are consuming the mothers’
tissue. In particular, an increase in δ15N values occurs with the
increasing age of the infant, followed by a decline in δ15N
during transitional feeding up to weaning ended (Prowse
et al. 2008). This complex scenario for infants is made trickier
as the rate of bone turnover in growing infants is magnified:
indicators of collagen resorption were 13 times higher in
children (2–15 years) than adult values, reflecting a greater
rate of bone, and collagen turnover (Beardsworth et al.
1990; Herring et al. 1998). An additional challenge is that
weaning can compound the effects of malnutrition, infectious
disease, and stress on the infants (McElroy and Townsend
1989). Remarkably, death infants are individuals who did
not survive, and the exposure to pathogens and other sources
of infection could represent some of their causes of death
(Prowse et al. 2008). The infant mortality rate was high in
the Pre-antibiotics era (Saunders and Barrans 1999; Rawson
2003), and the period from birth to about 3 years was crucial
for child health and development (Beaton 1992).

Materials and methods

Archeological contexts

Six funerary areas (fourth–eleventh centuries CE) were cho-
sen for studying the dietary habits of early medieval Romans;

the osteological preservation status was the criterion determin-
ing their selection. These archeological contexts were recently
discovered during civil projects in Rome’s current city center.
The exception is the San Primitivo church cemetery, which is
located in the ancient city of Gabii, close to the lake of
Castiglione, 20 km east of Rome (Becker et al. 2009;
Mogetta and Becker 2014) (Table 1) (Fig. 1).

Gabii was first urbanized in the early Iron Age (eighth
century BCE). It became densely populated during the
Republican period (sixth century BCE–first century CE),
when it established political, social, and economic legacies
with Rome (Becker et al. 2009; Mogetta and Becker 2014).
Then, the Imperial Age was marked by a drop in population
size until the town was progressively abandoned in the early
medieval period (sixth–ninth centuries CE) (Becker et al.
2009), when the land was given over to agricultural produc-
tion (Quilici 1977; Zapelloni Pavia et al. 2017). This study
analyzed the medieval burials dated to tenth and eleventh
centuries CE and located in a cemetery close to San
Primitivo church.

The other cemeteries are located in Rome’s city center;
they were dug up only recently, and the archeological infor-
mation is still under evaluation.

Piazzale Ostiense (fourth and fifth centuries CE) and Amba
Aradam (fifth centuries CE) are two small funerary grounds
close to the Tiber river. Despite their low sample size, these
skeletal samples were included in the paper because they rep-
resent some of the first biological evidence from Rome’s Late
Antiquity (fourth and fifth centuries CE).

San Pancrazio (seventh and eighth centuries CE) contains
the remains of a small community buried within a mausoleum,
close to the Tiber river.

Celio is a wide urban area discovered during the
archeological excavations at Piazza Celimontana. The zone
was inhabited from at least the Republican period (sixth cen-
tury BCE–first century CE), as witnessed by the discovery of
the oldest Roman aqueduct (third century BCE). The analyzed
skeletal material dates to the medieval period; context dating
identified two time frames: the sixth–ninth centuries CE (here
called Celio I) and the tenth and eleventh centuries CE (here
called Celio II).

Lastly, an archeological context (tenth and eleventh centu-
ries CE) was found near the Foro della Pace, along the road
that runs alongside the south side of the Forum.

Analytical methods

Carbon and nitrogen stable isotope analysis was performed on
110 human bones. Table 1 reports the number of individuals
considered for each cemetery. The sample also includes faunal
bones from San Pancrazio, Gabii, and the Colosseo to gain
information about Rome’s ecological background (Table 1).
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Rib fragments (about 1 g) were collected from each sample
for avoiding the bias of heterogenous collagen turnover. The
bone surface was cleaned by a sterile surgical blade, and the
sample was pulverized with a drill. The protein fraction was
extracted by the modified Longin protocol (Brown et al.
1988). About 0.5 g of powdered bone was demineralized in
0.6 M HCl for 2 days at 4 °C. Then the acid was removed by
ddH2O, and the remaining residue was gelatinized with
0.001 M HCl at 65 °C for 24 h. The gelatine protein was
concentrated using Amicon® Ultra-4 Centrifugal Filter
Units with Ultracel® membranes (Millipore) (30-kDa size).
The solute retained in the filter was frozen at − 80 °C for 4 ho
and then freeze-dried for 1 to 2 days. Each extraction run was
simultaneously performed on modern bovine bone used as a
reference control. For each extract, 0.8–1.2 mg of collagen
was weighed, put into tin capsules, and analyzed in duplicate
for δ13C and δ15N with an elemental analyzer isotope ratio
mass spectrometer (EA-IRMS) at the iCONa Laboratory of
the University of Campania. Analytical precision was ± 0.3‰
for δ15N, concerning the AIR, and ± 0.1‰ for δ13C reported
with respect to the VPDB standard. Criteria for assessing the
quality of preservation were carbon content (C%), nitrogen
content (N%), and C/N ratio (De Niro 1985; Ambrose 1993;
van Klinken 1999).

Statistical methods

Past v.3.14 software was used to identify descriptive statistics,
run the Mann-Whitney U comparison tests, calculate the co-
efficients of variation, and perform the analysis of variance

(ANOVA) among medieval communities (v. 3.14; Hammer
et al. 2001).

The linear mixing model proposed by Fraser et al. (2013)
and also applied by Fontanals-Coll et al. (2017) was used to
calculate the theoretical endpoints for aquatic and terrestrial
protein consumption in order to evaluate the animal protein
intake in the human diet. Unfortunately, no remains of aquatic
resources were found in the funerary contexts analyzed in this
study. Therefore, the freshwater fish values from the medieval
French sites (fifth–eleventh centuries CE) reported in Mion
et al. (2019) and the marine fish values available for the im-
perial site of Velia, Italy (first–second centuries CE) (Craig
et al. 2009), were used to build up the model. To the best of
our knowledge, these are the best site comparisons based on
time frame and topography that could be used to define the
“regional” aquatic isotopic features.

Furthermore, the Bayesian mixing model provided by the
software FRUITS v3.0 (Food Reconstruction Using Isotopic
Transferred Signals) (Fernandes et al. 2014) was elaborated.
The model allows for probabilistic quantification of dietary
inputs and incorporates food macronutrients, elemental com-
position, and isotopic composition in its calculation. Average
isotopic values of each site were used as human (consumer)
data and all calculated values were input into FRUITS with
instrumental uncertainties of 0.1‰ for both carbon and nitro-
gen. Regarding elemental routing, all nitrogen in collagen was
set up as deriving from dietary protein, and the carbon com-
position of bone protein was stipulated to reflect an average
3:1 ratio (74 ± 4%, 26%) of dietary protein to energy
(Fernandes et al. 2012). Four source groups were built: meat,
C3 plants, C4 plants, and freshwater fish. Meat isotope values

Table 1 Number of samples
analyzed and funerary context
date

Species Site Date N

Homo sapiens Piazzale Ostiense fourth and 5th centuries CE 10

Homo sapiens Amba Aradam fifth century CE 4

Homo sapiens San Pancrazio seventh and eighth centuries CE 9

Homo sapiens Celio I sixth–ninth centuries CE 23

Homo sapiens Celio II tenth and eleventh centuries CE 9

Homo sapiens Foro della Pace tenth and eleventh centuries CE 19

Homo sapiens Gabii San Primitivo tenth and eleventh centuries CE 36

Sus scrofa San Pancrazio seventh and eighth centuries CE 3

Bos taurus San Pancrazio seventh and eighth centuries CE 2

Canis familiaris San Pancrazio seventh and eighth centuries CE 1

Canis familiaris Gabii San Primitivo tenth and eleventh centuries CE 1

Ovis aries Gabii San Primitivo tenth and eleventh centuries CE 1

Gallus gallus Colosseo I fifth century CE 1

Ovis sp. Colosseo I fifth century CE 1

Sus scrofa Colosseo I fifth century CE 1

Capra hircus Colosseo I fifth century CE 1

Sus scrofa Colosseo II sixth–ninth centuries CE 1
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were averaged for the herbivores isotopic values generated in
this study. As well as the for the Fraser’s linear model, the
freshwater fish values from France reported in Mion et al.
(2019) were used. Lastly, grain samples from central Italy
(GBrescia et al. 2002; Gismondi et al. 2020) and the isotopic
data recruited in IsoArcH repository (Salesse et al. 2018) were
used for elaborating the model. Macronutrient composition of
each food group was established by reference to a range of
comparable food in the USDANational Nutrient Database for
Standard Reference (Ahuja et al. 2017). Dry weights for each
100 g of reference food were estimated, and the protein and
energy (lipids and carbohydrates) compositions of dried food
were calculated and converted to a percentage. Elemental
composition of each macronutrient group was based on
Morrison et al. (2000). Lastly, isotopic offsets between mea-
sured foodstuff isotope values and the isotopic values of

specific macronutrients were established according to
Tieszen (1991).

R software (ver.3.1.2) (R Core Team 2014) was used for
the generation of violin plots to evaluate the distribution of
isotopic data.

Results

Collagen preservation

Collagen extraction was performed for all the samples, but
four did not yield enough collagen for submission to spectro-
metric analysis (collagen yield < 1%). Carbon content higher
than or equal to 30%, nitrogen content higher than or equal to
10% (Ambrose 1993), and atomic C/N ratio between 2.9 and

Fig. 1 Topographical location of
the analyzed communities

Archaeol Anthropol Sci          (2020) 12:196 Page 5 of 16   196 



3.6 (De Niro 1985) were used as a criterion to assess a suitable
preservation status. All the faunal and 100 human samples
fitted the quality criteria. AA1, AA4, and GSP9 were depleted
in C and/or N composition, but their atomic C/N ratio and the
associated isotopic results are consistent with comparable
samples. Conversely, PO9, PO10, and FP18 samples showed
a C/N ratio higher than 3.6, thus the individual isotope data
were excluded.

The analytical data for faunal and human bones, along with
collagen quality indicators, are listed in Tables 2 and
Supplementary Information Table 1, respectively. For the hu-
man samples, information about sex and age at death is also
reported in Supplementary Information Table 1.

Isotopic data from fauna

In order to detect the isotopic composition of faunal sources
available as putative foodstuff for past populations, it is nec-
essary to evaluate δ13C and δ15N isotope values of domestic
and wild faunal remains. Unfortunately, only 13 animal bones
are featured in this study. However, faunal remains from var-
ious species are available for Medieval Latium (Baldoni et al.
2016, 2018, 2019); they were analyzed in conjunction with
this study’s values to aid in reconstructing a reliable animal
baseline used for the dietary analysis of Rome’s medieval
population.

The obtained herbivore isotopic values (Bos taurus, Ovis
aries, Ovis sp., and Capra hircus from San Pancrazio, Gabii
San Primitivo, and Colosseo I; mean δ13C = −20.4 ± 0.8‰—
1 s.d.—and mean δ15N = 4.7 ± 1.1‰—1 s.d.—) are similiar
to the herbivore’s isotopic values available for the sites of
Colonna, Allumiere, and Cencelle (Bos taurus, Ovis aries,
and Equus asinus; mean δ13C = − 20.8 ± 0.8‰—1 s.d.—and
mean δ15N = 4.7 ± 0.7‰—1 s.d.—). Overall, these herbivore

isotopic data are consistent with values for a terrestrial C3-
based European ecosystem (Schwarcz and Schoeninger
1991); their δ15N values are in keeping with the expected
trophic level for the identified species.

The five Sus scrofa from San Pancrazio, Colosseo I, and
Colosseo II have similar isotope values (mean δ13C = − 20.2
± 0.5‰—1 s.d.—and mean δ15N = 5.1 ± 0.9‰—1 s.d.—) to
the sheep and cattle, suggesting that they consumed an her-
bivorous diet rather than an omnivorous one. The literature
data also show similar isotope values between the Sus
domesticus and the herbivores (mean δ13C = − 21.1 ±
0.5‰—1 s.d.—and mean δ15N = 4.9 ± 1.3‰—1 s.d.—)
(Baldoni et al. 2016, 2018, 2019).

The δ15N values of two domestic dogs (Canis familiaris)
from San Pancrazio and Gabii San Primitivo are markedly
different (δ15N = 11.6‰ and δ15N = 8.2‰, respectively), de-
spite they are similar to the δ15N values of their communities.
Similarly to the Gallus gallus from Colonna (δ15N = 7.8‰)
(Baldoni et al. 2016), the chicken analyzed in the current paper
points out an enriched δ15N value (6.1‰) that could reflect
more omnivorous feeding habits.

Isotopic data from humans

The isotopic values obtained for the humans (Supplementary
Information Table 1) are plotted in graph form in Fig. 2.
Considering the human sample overall, a certain heterogeneity
can be observed both in the δ13C and δ15N values. Indeed, the
δ13C ranges from − 17.0 to − 20.9‰ (average δ13C value −
19.1‰ ± 0.6—1 s.d.—), while the δ15N values span from 6.4
to 12.7‰ (average δ15N value 8.8‰ ± 1.3—1 s.d.—).
Notably, people from San Pancrazio and two outliers from
Gabii San Primitivo are marked by δ15N values higher than
10.4‰.

Table 2 Species, collagen quality
indicators, and stable isotope
values of faunal samples

Site Sample Species Collagen
yield (%)

%C %N C/
N

δ13C
‰

δ15N
‰

San Pancrazio SP1 Sus scrofa 3.6 40.1 12.6 3.3 − 19.6 5.0

San Pancrazio SP2 Sus scrofa 8.2 38.9 14.8 3.2 − 20.2 5.5

San Pancrazio SP3 Sus scrofa 4.1 40.2 15.1 3.1 − 21.0 4.7

San Pancrazio SP4 Bos taurus 3.9 41.6 13.9 3.2 − 19.9 4.0

San Pancrazio SP5 Bos taurus 5.2 39.9 11.4 3.3 − 19.6 6.4

San Pancrazio SP6 Canis familiaris 3.4 38.6 15.8 3.3 − 19.3 11.6

Gabii San Primitivo GSP1 Canis familiaris 6.1 38.8 13.2 3.4 − 19.6 8.2

Gabii San Primitivo GSP2 Ovis aries 3.9 41.2 11.8 3.1 − 20.1 4.5

Colosseo I CL1 Gallus gallus 5.2 50.9 18.5 3.2 − 19.8 6.1

Colosseo I CL2 Ovis sp. 4.3 44.4 16.5 3.1 − 21.4 4.9

Colosseo I CL3 Sus scrofa 6.8 39.3 14.5 3.2 − 19.9 6.4

Colosseo I CL4 Capra hircus 3.3 40 14.7 3.2 − 21 3.5

Colosseo II COL1 Sus scrofa 4.4 43.2 15.7 3.2 − 20.1 4

  196 Page 6 of 16 Archaeol Anthropol Sci          (2020) 12:196 



At the best of our knowledge, a careful selection of the
samples was made to avoid sampling individuals or bone areas
suggestive for the presence of alterations that could influence
the isotopic composition of the bone tissue. Likewise, the age at
death estimation of children put them outside the breastfeeding
period, suggesting that their isotopic values could reliably re-
flect their complete weaning. The comparison between women
values and children data could account for this issue at the
community level. Even though we cannot be sure of the paren-
tal relationship in child/woman pair, no differences were found
between the values of the infants (0–6 years at death) (n = 17)
and women (n = 31) in the whole dataset (δ13C,Mann-Whitney
U= 209.5, z = − 1.6, p value = 0.25; δ15N, Mann-Whitney
U= 223.5, z = − 0.85, p value = 0.39). Furthermore, no differ-
ences have been found between the values of children (0–
12 years at death) and adults/males and females at each site
(coupled Mann-Whitney U tests, Supplementary Information
Table 2, and Supplementary Information Table 3). These evi-
dence leads us to consider children data suitable for a
community-based dietary reconstruction Accordingly, mean
δ13C and δ15N values of all the humans at the seven sites have
been used for the dietary reconstruction (Table 3).

The human dietary reconstruction was firstly carried out
following the linear model proposed by Fraser et al. (2013)
and Fontanals-Coll et al. (2017). The faunal average values
(δ13C = − 20.2‰ ± 0.6—1 s.d.—and δ15N = 5.0‰ ± 1.0—
1 s.d.—) were used to envisage the local baseline of the tro-
phic food chain. From the mean δ13C value of terrestrial fau-
na, a theoretical terrestrial endpoint of about − 19.2‰ (− 20.2
adjusted to + 1‰ for fractionation processes due to prey-
predator relationship) was estimated. In the same way, a the-
oretical freshwater endpoint of about − 21.8‰ (Mion et al.
2019) and a theoretical marine endpoint of about − 13.1‰
(Craig et al. 2009) were estimated. The theoretical threshold

for terrestrial animal protein consumption was calculated,
adjusting for 4‰ the average faunal δ15N value (5.0‰). The
3–5‰ range is used as an average range to account for the
trophic shift, even though the magnitude of the trophic level
effect may be higher than 5‰, as explained by O’Connell
et al. 2012, and 4‰ represents the midpoint of this range.
All the above procedures resulted in a range of 8.0–10.0‰
for terrestrial faunal protein consumption in humans.
Similarly, a theoretical freshwater endpoint of about 12.5–
14.5‰ (Mion et al. 2019) and a theoretical marine threshold
of about 12–14‰ (Craig et al. 2009) were established.

Therefore, in reference to Fig. 2, almost all the individuals
are placed within the box corresponding to terrestrial animal
consumers. The isotopic values are consistent with a diet
mainly based on the consumption of C3 plant resources and
terrestrial fauna, with almost all the humans occupying a tro-
phic level higher than herbivores, supporting the hypothesis
that terrestrial fauna represents a considerable fraction of the
edible resources. To date, the results do not indicate adequate
evidence for fish consumption, both marine and freshwater.
San Pancrazio is an odd case (seven humans fall outside
terrestrial herbivore consumers, Fig. 2). There are two most
likely hypotheses, as follows. First, the terrestrial fauna found
at San Pancrazio was not consumed by that humans, which
burials within a mausoleum qualifying them as a wealthy elite.
Secondly, the high δ15N values could be related to an occa-
sional exploitation of freshwater resources. Even though the
model displayed in Fig. 2 seems to be in contrast with the
latter hypothesis, the unavailability of local data about fish
could be misleading as far as this model is concerned. The
isotopic values of the French freshwater fish used in the model
(Mion et al. 2019), though representing the best references in
terms of time frame, could differ from those of the freshwater
stocks of the nearby Tiber river.

Fig. 2 Plot of δ13C and δ15N
human and faunal values. The
faunal data were grouped in
rectangular boxes defined by their
range values. The dotted line
boxes were estimated from the
faunal boxes for accounting the
trophic shift in isotope values
from prays to consumers (see text
for details). F, freshwater fauna;
TH, terrestrial herbivores,
respectively. Fc, freshwater
resource consumers; THc,
terrestrial herbivore consumers;
SP, San Pancrazio; COL1,
Colosseo I; COL2, Colosseo II;
GSP, Gabii San Primitivo
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Such a dietary depiction was further supported by the
Bayesian model elaborated by FRUITS software (Fernandes
et al. 2014), confirming Medieval Roman’s diet was based on
the exploitation of terrestrial resources (Supplementary
Information Fig. 1). Remarkably, terrestrial fauna showed a
contribution ranging from 30 to 50%, with the highest level
reached by Celio II (Supplementary Information Fig. 1a).
Otherwise, C3 plant resources provided a greater contribution
of about 50–60% in all the Roman sites but San Pancrazio
(Supplementary Information Fig. 1b). San Pancrazio confirms
to be an odd case exhibiting a contribution of fish of about
20%, corroborating the hypothesis of an occasional exploita-
tion of aquatic resources (Supplementary Information Fig. 1c).

The demographic dissection of the whole human sample
showed no significant difference between males (n = 45) and
females (n = 31) in either δ13C (Mann-Whitney U test, U/z
score = 696/− 0.01, p value = 0.99) or δ15N (Mann-Whitney
U test, U/z score = 684.5/− 0.13, p value = 0.89) values, sug-
gesting no dietary differences between the sexes on an isoto-
pic level (Supplementary Information Fig. 2). Comparison
across the different age groups (adults, n = 80, and children,
n = 22) was performed. Also in this case, none statistical dif-
ferences were found in either δ13C (Mann-WhitneyU test,U/z
score = 733/− 1.19, p value = 0.23) and δ15N (Mann-Whitney
U test, U/z score = 815.5/− 0.52, p value = 0.6) values
(Supplementary Information Fig. 3).

Discussion

Diet in medieval Rome: a literary perspective

Our current knowledge about diets in the medieval city of
Rome is mainly provided by literary sources (Montanari
1988, 2012; Pearson 1997; Adamson 2004) and
archaeozoological evidence, such as the report about the fau-
nal remains from Crypta Balbi and S. Cecilia, Rome (Minniti
2000). Grains and grain-derived products (bread, beer, and

gruel) were the primary foodstuffs for poor medieval commu-
nities, which farmed a variety of grains (Triticum dicoccum,
Triticum spelta, and Triticum aestivum) (Montanari 1988).
Even though wheat was the grain preferred, it was highly
susceptible to climate variations and watering (Astill and
Lobb 1991); this explains why the dietary role of barley
(Hordeum vulgare) increased, due to its tolerance for damp
and cool weather (Pearson 1997).

Meat was the most prominent component of diet only in
communities devoted to pastoralism (Hoffmann 2015).
Archeological records suggest that most European medieval
communities employed four domestic animals as sources of
animal proteins: cattle (Bos taurus), pigs (Sus scrofa), sheep
(Ovis aries) , and goats (Capra hircus) (Pearson
1997).Similarly, the remains of these species have also been
found in Rome, representing in all probability a major food
source (Facchin et al. 2018).

The steady consumption of fish was probably restricted to
wealthier members of society (Ervynck et al. 2003; Prowse et al.
2004, 2005). Indeed, its trade required highly developed trans-
port systems (Van Neer and Ervynck 2004), which collapsed
with the fall of the Roman Empire (McCormick 2001). Only the
communities living near lakes, rivers, and seashores could ben-
efit from the availability of fish species (Pearson 1997).

Diet in medieval Rome: an isotopic perspective

To date, the only available isotopic data for the Early Middle
Ages (sixth–ninth centuries CE) pertain to Piazza Madonna di
Loreto (eighth century CE), where an omnivorous diet based
on the exploitation of terrestrial fauna was described (Pescucci
et al. 2013). The individuals analyzed in this survey
mainly consumed a terrestrial-based diet, in accordance
with the historical period of early medieval communities
in the Mediterranean area, where an overall diet marked
by plant-derived foods and animal proteins from meat
and dairy products was broadly shared (Montanari 1988;
Salamon et al. 2008).

Table 3 Mean and standard deviation (SD) for the δ13C and δ15N values of each site. Median and 25/75 percentile are also reported

δ13C (‰) δ15N (‰)

n Mean SD Median 25 percentile 75 percentile Mean SD Median 25 percentile 75 percentile

Piazzale Ostiense 8 − 19.4 0.5 − 19.3 − 19.7 − 18.9 8.6 0.9 8.6 8 9.1

Amba Aradam 4 − 20.1 0.8 − 20 − 20.8 − 19.3 8.2 0.8 8.1 7.4 8.9

San Pancrazio 9 − 18.3 0.6 − 18.3 − 18.6 − 17.7 11.5 1.4 12 11 12.3

Celio I 22 − 19.0 0.4 − 19.1 − 19.3 − 18.9 8.2 0.9 8.1 7.4 8.5

Celio II 8 − 18.7 0.8 − 19 − 19.2 − 18.7 8.8 0.9 9.2 8.1 9.5

Foro della Pace 18 − 19.2 0.5 − 19.2 − 19.5 − 19 8.8 0.8 8.8 8.2 9.3

Gabii San Primitivo 32 − 19.1 0.4 − 19.1 − 19.4 − 18.9 8.6 1.2 8.5 7.8 9.2
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Furthermore, teeth andmandibles from 36 individuals were
collected from amass grave of contemporaries of Leonardo da
Vinci at the Palazzo della Cancelleria (about 1480 CE). A
significant contribution of marine fish was detected
(Salamon et al. 2008).

Diet in medieval Rome: new isotopic data

The seven communities herein analyzed seem to have shared a
common diet, where meat and C3 plant resources had a dom-
inant role. Otherwise, C4 plant seems not to have been a staple
for Rome’s inhabitants and notable is the lack of clear evi-
dence for fish consumption in Roman people. Nevertheless,
some differences among Roman people can be noted (Fig. 3
and Supplementary Information Table 4). San Pancrazio is
different from the other medieval sites, both for δ13C and
δ15N values (Supplementary Information Table 4). As previ-
ously mentioned, the consumption of freshwater resources is
there conceivable, but the lack of isotopic data from local
freshwater fauna represents a bias for a proper dietary recon-
struction. The other sites are homogenous for the δ15N values
(Supplementary Information Table 4), underlining the fact
that Medieval Roman communities had a similar protein ex-
ploitation in diets. However, the differences found for the
δ13C values (Supplementary Information Table 4) could sug-
gest that each community probably employed different re-
sources as pivotal foodstuffs. They could have farmed differ-
ent grains, or they could have eaten terrestrial fauna that ate
various C3 plant resources. The highly heterogenous farming
practices of Early Middle Age communities could account for
such variations (Pearson 1997), even though this outcome
could be also due to the restricted sample size for some com-
munities. Indeed, wheat was the most cultivated grain because
its gluten properties made it the best grain for baking bread.

However, it is more demanding in its cultivation requirements
than other grains; moreover, in a bed year, a community grow-
ing wheat could risk of losing the entire harvest. Therefore,
each community could prefer to cultivate a multitude of grains
that allowed for a more efficient use of the fields (Hoffmann
1975). This diversity in the use of different grains could be
related to some degree to the period. Indeed, the dates of the
communities range from the fourth to the eleventh centuries
CE. This wide time frame could be split into three sections
(Augenti 2016): Late Antiquity (fourth and fifth centuries CE)
(Amba Aradam and Piazzale Ostiense), the Early Middle
Ages (sixth–ninth centuries CE) (San Pancrazio and Celio I),
and the late phase of the Early Middle Ages (tenth and elev-
enth centuries CE) (Celio II, Foro della Pace, and Gabii San
Primitivo). The ANOVA performed for these three groups
confirms that the statistical differences in δ13C values are
broadly related to their different time frames (δ13C: F =
3.093, p = 0.0489), suggesting that C3 plant resources with
different isotopic signatures were cultivated in the Rome area
from the fourth to the eleventh centuries CE. This assumption
is supported by historical reports that deal with the changes in
grain cultivation in Italy during the Early Middle Ages (sixth–
ninth centuries CE). Wheat assumed a leading role in the
central phase of the Early Middle Ages, along with rye in
Northern Italy and barley in Central and Southern Italy
(Cortonesi et al. 2002). Starting in the eighth century CE,
the cultivation of olive trees spreads throughout Italy
(Cortonesi et al. 2002).

ANOVA revealed no differences in δ15N values among the
three time frames (δ15N: F = 1.033, p = 0.3591), confirming
that diets in medieval Rome were characterized by a compa-
rable intake of animal protein over the centuries. These data
run opposite to primary sources, describing a decline of the
self-sufficient economic system from the tenth century due to

Fig. 3 Plot of human δ13C and
δ15N mean values of each
community. The error bars refer
to standard deviations
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the contemporaneous resurgence of the trading system and the
urban economy (Cortonesi et al. 2002).

Remarkable is the dietary overlap between Gabii San
Primitivo and the coeval communities Rome’s city center,
San Pancrazio, being the exception (Supplementary
Information Table 4). Gabii was gradually abandoned starting
in the Late Antiquity (fourth and fifth centuries CE) and the
available area was used for agriculture (Zapelloni Pavia et al.
2017). Meanwhile, Rome lost its leading role as an adminis-
trative center and was gradually abandoned (Delogu 2000). In
the fifth century CE, Rome was Christianized, the apostolic
basilicas were built, and temples and civic monuments were
converted into churches. Buildings that were not converted
were abandoned. At the same time, the city was gradually

depopulated, and the survivors were concentrated in small
ne ighborhoods c lose to the apos to l ic bas i l icas .
Consequently, large swathes of the urban area were left unin-
habited, becoming either ruins, or uncultivated areas, or a
mixture of both (Delogu 2000; Graeber 2011). Therefore,
the previous urban landscape became rural (Santangel
Valenzani 2011): this could account for the ecological and
dietary similarities between people living in Rome and Gabii.

Dietary habits in medieval Italy

In order to frame the medieval diet in Rome within the coeval
Italian context, the data from Rome were merged to consider
Rome as a single geographical unit, and then it was compared

Fig. 4 Plot of human δ13C and
δ15N mean values of medieval
Rome and other medieval Italian
sites. The error bars refer to
standard deviations. N, Northern
Italy; C, Central Italy; S, Southern
Italy. References are reported in
Supplementary Information
Table 5

Table 4 Coupled Mann-Whitney
test between medieval Rome and
medieval Italian sites for δ13C and
δ15N values. Significant p values
are reported in italic

Sites δ13C δ15N

U/Z score p value U/Z score p value

Rome/Castro dei Volsci 160.5/− 4.76 1.93 × 10−6 226/− 4.22 2.48 × 10−5

Rome/Albano 718.5/− 3.33 0.0009 1072.5/− 1.19 0.23

Rome/Pava Pieve 988/− 0.13 0.90 657.5/− 2.40 0.016

Rome/Cosa 168.5/− 7.71 1.21 × 10−14 1533.5/− 0.82 0.41

Rome/Montella 1205.5/− 5.23 1.68 × 10−7 686.5/− 7.25 4.27 × 10−13

Rome/Trino Vercellese 1436/− 0.26 0.79 1065/− 2.29 0.02

Rome/Romans d’Isonzo 14.5/− 9.72 2.3 × 10−22 2110.5/− 1.31 0.19

Rome/Cividale St. Stefano 43.5/− 5.04 4.56 × 10−7 50.5/− 0.72 0.47

Rome/Cividale Gallo 9.5/− 4.31 1.64 × 10−5 337/− 0.4 0.69

Rome/Mainizza 88/− 5.77 7.86 × 10−9 431.5/− 3.16 0.002

Rome/Colonna 2204/− 2.69 0.007 1269/− 5.98 2.16 × 10−9

Rome/Cencelle 3403/− 1.79 0.07 3376.5/− 1.86 0.06

Rome/Allumiere 2614.5/− 1.74 0.08 3023.5/− 0.35 0.73
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with isotopic data available for Italy (Supplementary
Information Table 5). Figures 4 displays the plotting of human
δ13C and δ15N mean values of Rome and Italian sites.

The isotopic data were compared using the coupled Mann-
Whitney U test for δ13C and δ15N values (Table 4).

Significant differences in δ13C values were found between
Rome and almost all the other Italian sites (but Pava Pieve,
Cencelle, and Allumiere; Ricci et al. 2012; Baldoni et al.
2018, 2019). Conversely, differences in δ15N were only found
between Rome and Castro dei Volsci, Pava Pieve, Montella,
Mainizza, and Colonna (Salamon et al. 2008; Ricci et al.
2012; Torino et al. 2015; Iacumin et al. 2014; Baldoni et al.
2016). Thus, the overall alimentary landscape in Italy during
the Middle Ages was characterized by a diet founded on a low
animal protein intake, especially from aquatic ecosystems
(both freshwater and marine ones). This seems to be true also
in communities located close to wetlands, such as in Montella
(Avellino, Southern Italy), where a creek is located less than
100 m from the convent where the burials were discovered
(Torino et al. 2015). Remarkably, isotopic measurements in
Avellino showed a mixed agricultural and pastoral diet and
none of the individuals were eating marine protein (Torino
et al. 2015). A slight 13C enrichment was found in Friuli
Venezia Giulia (North-eastern Italy), putatively linked to the
consumption of C4 plants (Castelletti and Mottella De Carlo
2008; Iacumin et al. 2014), possibly introduced by foreign
armies (Iacumin et al. 2014). Indeed, C4 plant consumption
is also reported in Trino Vercellese (Piemonte, North-western
Italy), where the presence of C4 grains such as millet (includ-
ing Panicum miliaceum and Panicum italicum) and sorghum
during the medieval period is well documented (Reitsema and
Vercellotti 2012). Conversely, a lack of C4 plant consumption
is reported for Rome and Central and Southern Italy (Pava
Pieve, Castro dei Volsci, Albano, Colonna, Cencelle,
Allumiere, and Montella; Salamon et al. 2008; Ricci et al.
2012; Ciaffi et al. 2015; Torino et al. 2015; Baldoni et al.
2016, 2018), in contrast with the more variegated landscape
of Tuscany, for example (Buonincontri et al. 2017). The main
cultivations in the Tuscan sites reported by Buonincontri et al.
(2017) are naked wheats, barley, and horse bean. This diver-
sity proves the technological abilities reached by Tuscan peo-
ple during the Middle Ages. Then, between the fourth and the
eleventh centuries CE, C4 plants had a leading role in the
Tuscan diet, when the wheat production was gathered by the
landlords and then by the cities for their own requirement
(Buonincontri et al. 2017).

Significant variation could be noted between early medie-
val Rome and Italian sites dated to the LateMiddle Ages, such
as Cosa, Albano, Montella, and Mainizza (Iacumin et al.
2014; Scorrano et al. 2014; Ciaffi et al. 2015; Torino et al.
2015). This stands to reason because of the significant chang-
es of the late medieval period (tenth–fifteenth centuries CE),
when the urban sites of Italy and northern Europe started to

develop market economies (Lanconelli 1990; Spufford 2003),
leading, in turn, to differential consumption of meat and fish
(Zug Tucci 1985; Dyer 1993; Clavel 2001). In particular, a
clear signal of marine resources consumption was detected by
Salamon et al. (2008) in the Late Medieval community from
Palazzo della Cancelleria in the Campus Martius in Rome
(dated to 1480 ca.) (Salamon et al. 2008).

Dietary transition from imperial to medieval period in
ancient Rome

The medieval diet in Europe resulted from significant changes
following the collapse of the Roman Empire (476 CE); in-
deed, deep dietary differences were observed between impe-
rial and post-imperial Mediterranean areas (Fuller et al. 2010;
Lightfoot et al. 2012; López-Costas and Müldner 2016). The
diachronic survey published by Lightfoot et al. (2012) indi-
cated a dietary change occurring in Balkan region between the
Roman Empire’s fall and the emergence of the starohrvatski,
the early Croatian material culture. Marine resources were
abandoned almost completely, and the diet was modified with
higher intakes of millet, whose cultivation was favored by a
change from a warmer climate to a colder one in the Ionian
Sea area (Castagnoli et al. 2002; McDermott et al. 2005).
Changes in food exploitation were also detected in Late
Antiquity/early medieval Spain. The arrival of new human
groups, such as the Sueves, along with modified climatic con-
ditions, led to new dietary preferences related to the exploita-
tion of C4 plants and/or marine resources (Fuller et al. 2010;
López-Costas and Müldner 2016), albeit C3 plants remained
the most exploited foodstuffs (García-Collado et al. 2019).

Similarly, the data of this study were compared with the
data available for the cities of Rome and Gabii during the
Imperial Age (first–fourth centuries CE) (Killgrove and
Tykot 2013; Killgrove and Tykot 2017). Faunal isotopic data
are unavailable from these studies. However, they are avail-
able from Isola Sacra, on the Tyrrhenian coast (Prowse et al.
2004). These are similar to the medieval faunal values we
considered (the average δ13C and δ15N values for the herbi-
vores at Isola Sacra are − 20.6‰—1 s.d.—and 5.3‰—
1 s.d.—, respectively; Prowse et al. 2004), suggesting the
ecological baseline did not significantly change after the
Roman Empire’s collapse. The plotting of δ13C and δ15N
mean values of the diachronic communities from Rome re-
veals they can be gathered in two clusters, one encompassing
the medieval communities, the other encompassing the impe-
rial ones, with San Pancrazio being located in an isolated
position (Fig. 5). This assumption is supported by the Mann-
Whitney U test performed between imperial (n = 62) and me-
dieval people (n = 106) (δ13C: U/z score = 1632.5/− 5.43, p
value = 5.47 × 10−8; δ15N: U/z score = 1515/− 5.83, p value =
5.54 × 10−9); the test highlights the fact that a significant de-
pletion in 13C and 15N marked the shift from the Imperial Age
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(first-fourth centuries CE) to the Early Middle Ages (sixth–
ninth centuries CE) in ancient Rome.

Imperial Romans consumed a diet mainly based on C3

plants and herbivore consumption, with some contribution
from aquatic protein (both marine and freshwater) and/or C4

plants.
The drop in the consumption of high-protein resources in

the Early Middle Ages (sixth–ninth centuries CE) is also iden-
tifiable in Gabii (the average δ15N values in Imperial and
Medieval Gabine people are 10.7‰ and 8.7‰, respectively).
The finding of fish hooks in the settlement could suggest using
aquatic resources, which is supported by Gabii’s location near
a volcanic lake (Lake of Castiglione) and its aquifer (Killgrove
and Tykot 2017). The progressive city’s abandonment proba-
bly marked a tipping point for the dietary preferences of
Gabii’s population, with C3 plant resources seeming to be
the leading foodstuff for the medieval population. Overall,
the observed drop in the consumption of high trophic level
protein resources in the Early Middle Ages (sixth–ninth cen-
turies CE) could reflect the deterioration of socio-economic
conditions in medieval Rome and its suburbs. Indeed, starva-
tion and disease rapidly spread throughout the area because of
the Germanic invasions, as witnessed by the drop in the pop-
ulation of Rome to approximately 30,000 inhabitants
(Kulikowski 2008).

Moreover, a wider range of dietary variability could be
observed in imperial sites than in the medieval ones.
Supplementary Information Table 6 reports the coefficients
of variation calculated for δ13C and δ15N values of each com-
munity. Imperial and medieval communities show compara-
ble coefficients of variation for δ13C values, ranging from −
2.05 in Medieval Gabii to − 4.31 in Amba Aradam, with the
extreme value of − 11.63 reported for Castellaccio Europarco
(Supplementary Information Table 6). This weirdly high val-
ue could be explained, however, by the presence of a single

outlier in the isotope distribution of people from Castellaccio
Europarco (Killgrove and Tykot 2013). The coefficients of
variation listed for δ15N values are higher in the imperial
Roman communities than in the medieval ones (coefficients
of variation in Imperial and Medieval Roman sites range from
14.99 to 15.58 and from 9.46 to 11.91, respectively), with the
opposite trend shown by Gabii (8.24 in Imperial Gabii and
13.73 in Medieval Gabii).

Thus, the wider range of variability in Imperial Rome’s
δ15N values (Fig. 6) indicates that the isotopic values are more

Fig. 5 Plot of δ13C and δ15N
mean values of imperial and post-
imperial communities from
Rome. The error bars refer to
standard deviations

Fig. 6 Violin plots for the δ15N values of each site (PO, Piazzale
Ostiense; AA, Amba Aradam; SP, San Pancrazio; CEI, Celio I; CEII,
Celio II; FP, Foro della Pace; GSP, Gabii San Primitivo; CBM, Casal
Bertone Mausoleum; CBN, Casal Bertone Necropolis; CE, Castellaccio
Europarco; GAI, Imperial Gabii)
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scattered around the average values of each community in the
imperial plots than in the medieval ones, where only a few
isotopic outliers could be identified (Fig. 6). These data sug-
gest a significant variability in dietary protein sources in
Imperial Rome (first–third centuries CE). This variability de-
creased in the post-imperial period. From this viewpoint, the
main factor accounting for the food transition in ancient Rome
could be the trade system crisis, which narrowed the food
sources available to Medieval Romans. Commerce was a
leading sector of the economy in the Imperial Age (first–third
centuries CE) and numerous routes to Rome led to a great
heterogeneity of available products, such as grains, meats,
and spices, from both within and outside the Empire
(McLaughlin 2010).

The Empire’s crisis caused Rome to lose its leading eco-
nomic role and the most important imperial trade routes were
disrupted, resulting in a crisis for the indoor food markets of
the Imperial Age (Holleran 2012). Nevertheless, it should be
noted that the dietary shift from the Imperial Age (first–third
centuries CE) to the Early Middle Ages (sixth–ninth centuries
CE) in Rome was different from the dietary transition experi-
enced in other European areas, such as Spain and Croatia
(Lightfoot et al. 2012; López-Costas and Müldner 2016),
underlining that the lifestyle in the heart of the Empire was
different from that in faraway areas.

Conclusions

This study is the first extensive survey of the food habits of
medieval Rome’s ancient inhabitants.

Despite literary sources and archeological reports provid-
ing a comprehensive picture of medieval Roman’s dietary
habits (Montanari 1988, 2012; Pearson 1997; Minniti 2000;
Facchin et al. 2018), very few molecular information is cur-
rently available for supporting the historical reconstruction
(Salamon et al. 2008; Pescucci et al. 2013).

In this study, literature data provided a context and frame-
work to properly understand the isotopic data generated from
the analysis of 110 individuals living in Rome and the ancient
city of Gabii. Overall, the combination of historical,
archeological, and dietary data contributed to deepen the
knowledge about some aspects of the lifestyle in Rome after
the fall of the Western Roman Empire (476 CE).

The outcomes obtained from the isotopic examination re-
vealed medieval dietary behaviors resulted directly from the
events following the Roman Empire’s collapse. The deep so-
cial, demographic, and economic crisis of the Roman world
after the third century CE had an important impact on the
lifestyle of Roman people (Santangeli Valenzani 2004). The
Gothic wars (461–476 CE) induced famine and the spread of
diseases, causing the city to be largely abandoned as the pop-
ulation fled to outlying villages (Montanari 1984). All of these

factors could have resulted in a change of dietary habits: a
more self-sufficient economy was established, with a signifi-
cant decrease in the consumption of high-protein foods, both
from the terrestrial and aquatic environment, and an increase
in consuming C3 plant resources.

The isotopic evaluation detected a clear diachronic dietary
transition in ancient Rome, demonstrating how the complex
historical period following the downfall of the Empire influ-
enced Roman society’s lifestyle. In particular, the economic
crisis, especially regarding the trade system, must have played
a pivotal role in modifying Roman dietary habits, leading to a
drop in protein-rich food consumption and dietary variability.
This dietary transition is particularly evident comparing the
dietary information from the ancient of Gabii, where
Imperial isotopic data are also available (Killgrove and
Tykot 2017). Furthermore, the data from the sixteenth century
CE provided by Salamon et al. (2008) revealed as the Roman
diet changed again in the LateMiddle Ages, underlying as diet
is one of the most retained markers able to identify the cultural
identity of an ancient population since it is influenced by cul-
tural, environmental, and historical constraints.

The dietary transition in the heart of the Empire was also
revealed to differ from that in other areas of Europe, which
implemented different strategies in facing the Roman
Empire’s collapse (Fuller et al. 2010; Lightfoot et al. 2012;
López-Costas and Müldner 2016). Overall, the food system
adopted during the Early Middle Ages was not the same
throughout Europe, indicating the lack of a large-scale orga-
nized system. Trade was less supported, and agriculture be-
came subsistence based, with the type of grain cultivated de-
pending on the geographical and climatic environment, rather
than chosen by individual preference.
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