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A B S T R A C T

Since its establishment, Portus Romae represented a hub for the trade of goods to and from Rome. Similarly, 
commercial activities should have pushed the intermingling of people and cultures. However, the political 
disruption following the starting decline of the Empire led to trade shrinkage, with the silting out of a portion of 
the basin in the 5th century CE and the building of defensive walls.

14 burials were discovered in the Antemurale area in the southwestern part of the port zone, around the Late 
Antique defensive structures. The bioarchaeological data from these burials herein presented contributes to 
broadening knowledge about the biological and cultural characteristics of people living at the chronological edge 
of the Roman Empire.

The osteological analysis showed that main part of the sample pertains to skeletally immature individuals, who 
were impacted by the harsh lifestyle experienced by the community, whose subsistence strategy was grounded on 
local and autarchic supply.

The isotopic characterization of the enamel and the individuals’ genomic makeup suggest that people from 
Antemurale could be considered more similar to the Italian population of the Imperial Age and Late Antiquity 
than to the invading groups from Central Europe. Thus, the studied group of individuals were not biologically 
conditioned by the arrival of foreign armies to the outskirts of Rome in the previous centuries.

1. Introduction

Portus was the artificial maritime port of Rome at the estuarine 
landscape close to the mouth of the Tiber River. It was established under 

Emperor Claudius just a few kilometers away from Ostia in the mid-first 
century CE and further developed through time (Keay, 2012). Since its 
establishment, Portus represented a hub for the trade of different goods 
to and from the Mediterranean areas, which could reach Rome by the 
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Via Campana/Portuensis, or the transfer of goods to Rome along the River 
Tiber in smaller riverboats. Similarly, commercial activities would have 
promoted the intermingling of people and cultures.

The Portus area activities spanned from the Imperial Age up to the 
Middle Age, even though its role in Late Antiquity, when a commercial 
downturn followed the barbarian invasions of the Roman Empire, is far 
from being understood comprehensively (Keay et al., 2005; O’Connell 
et al., 2019).

During this period, the imperial trading network experienced a sig
nificant decline due to a combination of internal and external chal
lenges. The deterioration of Roman infrastructure, economic instability, 
and administrative inefficiencies weakened the Empire (Jones, 1955; 
Piganiol, 1950). At the same time, barbarian invasions further disrupted 
the economy and hampered trade, representing a pivotal factor in the 
Empire’s decline, by reducing the security of roads and maritime routes, 
isolating parts of the domain, and severing long-standing trade con
nections with distant provinces and foreign regions (Moss, 1937).

Globally, these events caused severe damage to Rome’s economic 
power, destabilizing the Empire and leaving its once-thriving trade 
network fragmented and vulnerable. Indeed, the series of incursions, 
culminating with the sack of Rome in 410 CE by the Visigoths and the 
Vandals’ raid plundering the city in 455 CE, symbolized the vulnera
bility of the Empire (Salzman, 2021).

Locally, in the Antemurale area, political disruptions following the 
early fall of the Empire led to a shrinkage in trade, resulting in the silting 
of a portion of the basin in the 5th century CE and the construction of 
defensive walls (Keay, 2012).

Recently, a depiction of the biocultural characteristics of people 
buried in two administrative and commercial areas of the site has been 
published (O’Connell et al., 2019), suggesting their dietary habits. 
However, the local market activities would have caused a melting pot of 

people and cultures, and the reported data for those individuals cannot 
represent the complex human dynamics occurring in the area 
(O’Connell et al., 2019).

Accordingly, a multifaceted approach connecting the anthropolog
ical, isotopic, and genetic characteristics of the skeletal sample from the 
Antemurale area, would contribute to a more complete reconstruction of 
the biological characteristics of people buried in Portus (Fig. 1).

The Antemurale area is located in the southwestern part of the port 
zone, around the late antique defensive structures (Keay et al., 2011).

Chronologically, it can be connected to the late stages of Portus ac
tivities, when defensive walls were already built, and a little cemetery 
was established in the embankments outside and inside the walls. This 
area was first archaeologically dated to the Late Antique/Early Medieval 
period (Paroli et al., 2011), according to two archaeological sondages in 
2004–2005, when 14 burials were discovered. The anthropological 
analysis of the recovered individuals was performed only in 2019–2020, 
under the supervision of the Anthropological Service of the Parco 
archeologico di Ostia antica and according to protocols and methodol
ogies that later became national guidelines (Ministero Italiano Cultura, 
2022). While the archaeological characteristics of the Antemurale area 
have been published previously (Paroli et al., 2011; Paroli et al., 2004), 
the bioarchaeological data herein presented will contribute to broad
ening the knowledge about the biological and cultural characteristics of 
people living in the area at the chronological edge of the Roman Empire.

The amount of bioarchaeological data concerning Romans and 
people living in the area of Rome and Ostia in Late Antiquity has 
continuously risen over the last years (Antonio et al., 2019, 2024; Bal
doni et al., 2021; Catalano, 2015; De Angelis et al., 2015, 2021, 2022; De 
Angelis et al., 2020a; De Angelis et al., 2020b; Filograna et al., 2022; 
Gismondi et al., 2020; Killgrove, 2010; Killgrove & Montgomery, 2016; 
Killgrove & Tykot, 2013, 2018; Melchionda et al., 2022; O’Connell et al., 

Fig. 1. Location of the Antemurale area. Modified from (Boetto et al., 2010).
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2019; T. Prowse et al., 2004; T. L. Prowse et al., 2005; Varano et al., 
2020), broadening knowledge about osteological characteristics, diet, 
mobility patterns, lifestyles, genomic makeup, and even phenotypic 
traits.

Accordingly, exploratory, multipronged research on the people 
buried in the Antemurale area of Portus would help further characterize 
the communities scattered throughout Rome’s harbor area during the 
fall of the Empire, a period that had broadly impacted activities in the 
region.

Indeed, if the instability of the period disrupted the political and 
trade structures globally, it resulted in broader consequences involving 
either the social fragmentation and putative bio-cultural transformation 
through the blending of Roman and Barbarian cultures.

Specifically, we aimed to explore the biological characteristics of the 
Antemurale people through the osteological evaluation of the in
dividuals, to be integrated with the exploration of the community’s 
subsistence strategy through carbon and nitrogen stable isotope analysis 
of bone collagen to provide insight into human dependency on different 
types of food during an individual’s lifetime (Ambrose, 1990; DeNiro, 
1985; Hakenbeck, 2013; Katzenberg, 2007). Moreover, radiocarbon 
dating may confirm the exploitation period of the cemetery, which was 
obtained only by context (Keay et al., 2005).

Selected individuals were submitted to genomic analysis (Orlando 
et al., 2021) to provide information about their genetic characteristics 
and integrate with the few data on the genetic makeup of people living 
in the area in Late Antiquity. In that perspective, the data from the 
Antemurale area were compared with those from roughly coeval cem
eteries to contribute to disentangling the complex dynamics occurring in 
Italian Late Antique communities during the decline of the Roman 
Empire. In order to study and identify mobility of the individuals 
themselves rather than the intergenerational mobility involving their 
ancestors, the information related to the genomic background was 
benchmarked comparing the 87Sr/86Sr signatures. Indeed, the compar
ison of the individual 87Sr/86Sr data with the recently developed map for 
both biological and geological 87Sr/86Sr values (Lugli et al., 2022) would 
be helpful in identifying the mobility pattern of the Antemurale in
dividuals (Bentley, 2006), and it is widely used in archaeology to 
differentiate between local and non-local populations (Holt et al., 2021).

2. Materials and methods

2.1. Samples

The osteological sample from the Antemurale area consists of 14 
skeletons, primarily from single burials. Still, two graves included two 
individuals: PTIX T12 was the burial of two children, and PTIX T13 
hosted an adult individual and a child. One individual (PTIX T5) was 
selected for radiocarbon dating.

Diet was evaluated for all individuals, while the strontium isotopic 
signature was obtained for an exploratory sample consisting of 7 in
dividuals (PTVIII T1, PTIX T3, PTIX T5, PTIX T10, PTIX T12A, PTIX 
T12B, and PTIX T13B), selected according to the best preservation of the 
tooth enamel.

The visual preservation of the teeth roots was the driving criterion 
for selecting four individuals (PT VIII T6, PT IX T12A, PTIX T12B, PTIX 
T13A) to be submitted for ancient DNA extraction and Whole Genome 
Sequencing.

The permit for the osteological and bioarchaeological evaluations 
was obtained by the Parco archeologico di Ostia antica, which granted 
access to the osteological collection and allowed for the study and 
sampling strategies by the suggestions provided by the Italian Ministry 
of Culture (Ministero Italiano Cultura, 2022) and international guide
lines (Alpaslan-Roodenberg et al., 2021).

2.2. Osteological methods

Sex estimation was carried out only for adult individuals according 
to several methods, combining both morphological and metrical ap
proaches. The morphological analysis of the hip-bone involved the ex
amination proposed by established protocols (Bruzek, 2002; Haas et al., 
1994; Phenice, 1969), which were already discussed in a recent evalu
ation (Nikita, 2017). The analysis of the skull and the mandible is 
essentially based on the indications from Haas (1994) also reported by 
Nikita (2017) and White et al. (2011).

Whenever the bone preservation allowed for a metrical approach, 
the hip-bone was evaluated by determining the ischio-pubic and the 
cotylo-sciatic index (Novotný, 1983; Sauter & Privat, 1954; Schultz & 
Schultz, 1930). In a few cases, at least 4 out of the suggested measure
ments on the hip-bone could be recorded for applying the method pro
posed by Brůžek et al. (2017). For the metrics of long bones, instead, 
reference was made to methods by Stewart (1979) and Pearson & Bell 
(1917).

Age-at-death estimation was performed according to the different 
methods available for young and adult individuals. For the juveniles, the 
level of dental (AlQahtani et al., 2010) and skeletal (Cunningham et al., 
2000; Stloukal & Hakanova, 1978) growth were evaluated.

For the adults, we leveraged the combined method (Lovejoy et al., 
1985a), supporting the estimates through information obtained by pubic 
symphysis morphology (Brooks & Suchey, 1990), dental wear (Lovejoy, 
1985), morphology of the auricular surface (Lovejoy et al., 1985b), and 
degree of obliteration of the cranial sutures (Meindl & Lovejoy, 1985).

So far, the age classes (Haas et al., 1994) reported in Nikita & Kar
ligkioti (2019) were considered, narrowing – whenever it was possible −
the estimates according to the suggestions provided by the compared 
methods.

Stature was estimated for individuals who showed at least one 
tubular long bone fully preserved (Giannecchini & Moggi-Cecchi, 2008; 
Pearson, 1899; Trotter & Gleser, 1958).

Health status was evaluated through oral health indicators – caries 
(Temple, 2015), tooth loss (Nicklisch et al., 2022), enamel hypoplasia 
(Goodman & Rose, 1990), non-specific stress markers on the bones −
porotic hyperostosis (Brickley, 2018), and the occurrence of trauma 
(Martin & Harrod, 2015).

2.3. Isotopic methods

To conduct both stable (δ13C and δ15N) and radioactive (14C) isotopic 
analysis, rib fragments were processed, isolating the organic phase of the 
bone (collagen) by adopting a modified procedure from the Longin 
method (Longin, 1971). A sample fragment of about 0.5–1 g was 
selected, and the bone surface abraded to remove superficial contami
nants and pulverized.

The powder was then placed in demineralized polypropylene test 
tubes to carry out a sequence of acid attacks with hydrochloric acid (HCl 
0.6 M); for this purpose, the tubes were stored in a cooler at 4 ◦C for 
several days. After each step, deionized water washes were carried out 
before the samples were dried. Lastly, the gelatinization protocol was 
applied.

The resulting material was weighed into tin capsules and measured 
at the iCONa lab of the University of Campania using a Delta V 
Advantage Isotope Ratio Mass Spectrometer coupled to a Flash EA 1112 
Elemental Analyser via a ConFlo III interface (Thermo Fisher Scientific). 
Results were calibrated to the international standards VPDB for δ13C and 
AIR for δ15N using certified standard reference materials IAEA-CH6 
(δ13C = − 10.45 ‰ ± 0.03) for δ13C, IAEA-N2 (δ15N = 20.3 ‰ ± 0.2) 
for δ15N and SIRFER yeast (δ13C = − 20.02 ‰, δ15N = − 1.24 ‰) for 
both elements. Typical analytical precision was 0.1 ‰ for δ13C and 0.2 
‰ for δ15N, as calculated based on the repeated measurement of cali
bration standards (IAEA-CH6 for δ13C, IAEA-N2 for δ15N) every 24 
samples (Szpak et al., 2017).
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For collagen quality tests, C and N fractions of collagen dry mass (C% 
and N%) were measured via an elemental analyzer (CN Flash EA1112, 
Thermo Scientific); samples were retained for isotope analyses when the 
extracted collagen achieved a yield higher than 1 % and an atomic C:N 
ratio between 2.9 and 3.6 (DeNiro, 1985; Pate et al., 2016; van Klinken, 
1999).

We developed a Bayesian mixed model through ReSources, an R 
application used to implement Bayesian mixing models for isotope- 
based dietary reconstruction upgrading the software FRUITS2 
(Cocozza et al., 2023; Fernandes et al., 2014) to dissect the human diet, 
providing probabilistic quantification of dietary inputs. The average 
isotopic values of humans were used as consumer data, and all the 
estimated offset values were input into ReSources according to the de
tails found in Supplementary File 1, following the directions provided by 
the literature (Fernandes et al., 2015). We used the data from local re
sources for the food categories (O’Connell et al., 2019). The carbon and 
nitrogen offset/weight ratios are taken from Fernandes et al. (2015). We 
calculated the source values in Italy and the amount of energy and 
proteins in each food group following previous studies (Cortese et al., 
2022; Fernandes et al., 2015).

The selected sample for radiocarbon dating − PT IX T5 − underwent 
graphitization for accelerator mass spectrometry (AMS) radiocarbon 
dating, performed at the INFN-LABEC CHNet (Florence, Italy) (Fedi 
et al., 2014). Radiocarbon conventional dates were calibrated using the 
OxCal 4.4 (Ramsey & Lee, 2013) and the recommended calibration 
curve IntCal20 (Reimer et al., 2020).

For strontium isotopic measurements, dental enamel samples (40 
mg) for PTVIII T1, PTIX T3, PTIX T5, PTIX T10, PTIX T12A, PTIX T12B, 
and PTIX T13B were sampled and treated in a dedicated and clean area.

Ultrapure HNO3 obtained from a sub-boiling system (DuoPUR, 
Milestone, Bergamo, Italia) and ultrapure 18.2 MΩ water from a Milli-Q 
(Millipore, USA) system were used for the sample dissolution. HCl of 
hyperpure grade (Panreac, Barcelona, Spain) was used for sample 
treatment.

The solution was treated with selective chromatographic extraction 
resins for strontium (SR Resin-R, TrisKem Inter-national, Bruz, France) 
for separation and concentration of the analyte from other intrusive 
elements. The subsequent quadrupolar ICP-MS analysis (performed by 
7500a, Agilent Technologies) of the solution demonstrated an excellent 
separation efficiency of the Sr from intrusive elements and an analyte 
recovery of about 90 %. The solution containing Sr was then evaporated 
and taken up with a volume of 1 % nitric acid (~ 500 µL) to ensure a 
concentration of Sr sufficient for analysis using a multi-collector mass 
spectrometer.

SRM-987 isotopic standard from the National Standards and Tech
nology (NIST, Gaithersburg, MD, USA) was used for external precision 
measurement and method validation. Repeated measures of NBS987 
yielded an 87Sr/86Sr value of 0.710144 ± 0.000010 (2 SD; n = 12). All 
values were normalized to an NBS987 accepted value of 0.710248 
(McArthur et al., 2001). A Thermal Ionization Mass Spectrometer model 
MAT 262 VMC from Finnigan (Bremen, Germany), located at the Lab
oratory of Isotopic Mass Spectrometry (LIMS) of Laboratori Nazionali 
del Gran Sasso (LNGS) was used for isotope analysis. The double fila
ment technique was adopted. The software Spectromat (Bremen, Ger
many) was used for data acquisition and analysis; mass calibration and 
gain calibration were performed daily (Wieser & Schwieters, 2005). Six 
blocks of ten replicates were acquired for each measurement reaching an 
associated average internal precision ≤ 0.003 %.

2.4. Genomic methods

The samples PTVIII T6, PTIX T12A, PTIX T12B, and PTIX T13A were 
selected for genomic evaluation and processed in a dedicated facility of 
the Centre of Molecular Anthropology for Ancient DNA Studies, Uni
versity of Rome Tor Vergata (Italy). This clean lab is exclusively set for 
ancient DNA recovery and processing, as previously described (De 

Angelis et al., 2021, De Angelis et al., 2020a). Sterile surgical devices 
were used to remove soil from the samples effectively, and the speci
mens’ surface was bleached with a clean wipe and UV-irradiated over
night at about 6 J/cm2 at 254 nm. The powder for DNA extraction (0.08 
to 0.1 g) was obtained from the cellular cementum of the teeth using a 
Dremel drill applying the lowest speed (Adler et al., 2011) and collected. 
The powder was incubated, rotating for 24 to 48 h at 37 ◦C in 1 mL of the 
extraction buffer (urea in EDTA 0.5 M and 10 µL of proteinase K (20 mg/ 
mL) (Yang et al., 1998) and negative controls were set and maintained 
through the extraction process. The supernatant was collected and 
transferred to the Amicon Ultra-4 Centrifugal Filter Unit with Ultracel- 
30 from Millipore for spinning down to 100 mL. DNA was extracted 
and purified using MiniElute spin columns and Qiagen buffer and was 
stored at − 20 ◦C.

We applied a partial UDG treatment (Rohland et al., 2015).
An Illumina double-stranded library was built from 20 mL of 

extracted DNA for each specimen (Meyer & Kircher, 2010). The number 
of indexing cycles was gained using RT-PCR (ThermoFisher, Waltham, 
MA, USA). Indexing PCRs were set up in 25 mL with a final concentra
tion of 1 × Gold Buffer (ThermoFisher, Waltham, MA, USA), 2.5 mM 
Magnesium Chloride, 250 mM dNTP (each), 3 mL of DNA library, 0.2 
mM for each indexing primer, and 0.1 U/mL of AmpliTaq Gold (Ther
moFisher, Waltham, MA, USA). The cycling conditions for library 
amplification were 5 min at 95 ◦C; followed by cycles of 30 s at 95 ◦C, 30 
s at 60 ◦C, and 45 s at 72 ◦C; and a final extension of 5 min at 72 ◦C. Each 
library was six-fold amplified along with PCR blanks. PCR products were 
pooled and purified with Agencourt AMPureXP beads (Beckman 
Coulter, Indianapolis, IN, USA). The concentration and size profiles of 
the purified library were detected using a Bioanalyzer 2100 through a 
High Sensitivity DNA chip (Agilent, Santa Clara, CA, USA). Equimolar 
concentration pools were submitted to whole-genome sequencing on the 
Illumina HiSeqX (2 × 150 bp) at Macrogene (Seoul, Korea).

2.4.1. Data analysis for ancient DNA evaluation
Paired-end reads were trimmed for molecular barcodes and adapters 

using cutadapt v1.15 (M. Martin, 2011) and three bases to reduce the 
error rate due to deamination; and finally mapped to the human refer
ence genome (GRCh37/hg19) as single-end reads using BWA mem al
gorithm v0.7.17 (Li & Durbin, 2009).

The alignments were merged through the MergeSamFiles option, 
available in picardtools (https://broadinstitute.github.io/picard/).

We removed duplicated sequences by identifying sets of reads with 
the exact external coordinates after alignment to GRCh37/hg19, 
executing Dedup (Peltzer et al., 2016).

The genetic sex was obtained by mapping the reads on the sex 
chromosomes through the Ry method (Skoglund et al., 2013). The 
authenticity and the quality of the suitable data were also set using 
ANGSD software (Korneliussen et al., 2014) to obtain a conservative 
estimate of contamination in the X-chromosome of males. Qualimap 
(Okonechnikov et al., 2016) and SAMtools (Danecek et al., 2021) flag
stats command returned the basic descriptive statistics for each treated 
alignment. Samples’ variants were filtered to those present in the 1240 K 
panel (release v54.1; 1,233,013 SNPs (Mallick et al., 2023) to optimize 
the comparison between them, ancient, and modern published refer
ences. Furthermore, filters of a minimum base and mapping quality 30 
(–min-BQ and –min-MQ options) were used via samtools mpileup 
command. Pseudo haploid genotypes were called by pileupCaller 
(sequenceTools version 1.2.2: https://hackage.haskell.org/packa 
ge/sequenceTools) to monitor the impact of reference bias on down
stream analyses (Günther & Nettelblad, 2019). Principal component 
analysis (PCA) was performed using smartpca v0.13050 from EIGEN
SOFT package v1.6.4 (Patterson et al., 2006). The setting phase was 
planned through different strategies. First, a dataset comprising the 
Italian samples from the AADR v54.1 dataset from the Imperial period 
(1st-3rd cent. AD) and Late Antiquity (comprising the Longobards) (N =
125) were leveraged to detect putative genome-wide affinities in the 

F. De Angelis et al.                                                                                                                                                                                                                             Journal of Archaeological Science: Reports 61 (2025) 104931 

4 

https://broadinstitute.github.io/picard/
https://hackage.haskell.org/package/sequenceTools
https://hackage.haskell.org/package/sequenceTools


Italian setting. Then, the comparisons were extended to the coeval Eu
ropean context—323 individuals (Supplementary File 2).

In both approaches, we projected the Portus samples into the PC 
space (lsqproject option set to ON), due to the considerable amount of 
missing data in the ancient data from Portus individuals.

A supervised ADMIXTURE (Alexander & Lange, 2011) analysis was 
performed to reveal the genetic components related to both Imperial and 
Late Antique individuals in the dataset. The variant panel from the au
tosomes was previously pruned of rare variants and those in linkage 
disequilibrium through the PLINK 1.9 options –maf 0.05 and − -indep- 
pairwise 200 10 0.3. We applied the supervised mode to detect the 
components according to an a priori choice of the reference populations. 
We selected six reference populations: Italy (no Latium) Imperial Age, 
Italy (no Latium) Late Antiquity, Latium Imperial Age, Germany Late 
Antiquity, Lombards, and Slovenia Imperial Age. We exploited pong 
v1.4.9 (Behr et al., 2016), to visualize the admixture proportion 
inferences.

We calculated the outgroup f3 statistics to quantify the shared drift 
between two populations by measuring the length of the shared branch 
between them (i.e., shared genetic drift) from an outgroup. qp3Pop from 
ADMIXTOOLS v6.0 was used to consider the standard errors with a 
block jackknife. The outgroup f3 statistic was calculated in the form 
(Yoruba; X, Y) on the customized 1240 K panel.

Similarly, we tested for differences among comparative populations 
through D-statistics (Yoruba, Test; Pop1, Pop2).

Schmutzi (Renaud et al., 2015) was used to determine the consensus 
mitochondrial sequence and the contamination estimation. The mito
genome sequences were aligned against the revised Cambridge Refer
ence Sequence (rCRS) (NC_012920.1) to assign the mitochondrial 
haplogroup through the Haplogrep build on the Phylotree 17 classifi
cation algorithm (Weissensteiner et al., 2016).

Samples identified as genetically male were submitted to the classi
fication of the Y chromosome through Yleaf (Ralf et al., 2018).

3. Results and Discussion

Despite the restricted sample size available for the Antemurale Area 
in Portus, the osteological, isotopic, and genomic evaluations of skele
tons buried therein could provide novel information and ultimately 
contribute to a better understanding of the resilience of the ancient 
communities against the historical events occurring just beyond the 
decline of the Roman Empire. Indeed, the radiocarbon dating performed 
on one of the samples from Antemurale returned a wide date of 551–706 
CE (Fi4438-iCONa: 1400 + -58 BP) (Supplementary File 3).

The osteological characterization of the samples determined the 
basic demographic parameters, such as sex and age at death (Table 1) 
(Vaccaro et al., 2023).

Even though the preservation status impacted the reliable estimation 
of multiple osteological markers, we can score the presence of a single 
female and five male individuals. Remarkably, eight individuals were 
children, so identifying the sexually dimorphic osteological character
istics remains challenging (Buonasera et al., 2020).

Oral health was only slightly impacted by carious lesions, which are 
detectable only in six individuals, even though two were children. Three 
out of six adult individuals lost some teeth intra-vitam: the antemortem 
tooth loss (AMTL) was particularly striking for PT IX T5 and PT IX T10, 
who suffered from the loss of 9 and 13 teeth, respectively (Table 1). This 
seems to suggest their harsh living conditions (Walkup et al., 2023).

The localized hyperostosis on the skull − Cribra orbitalia − is 
detected in 50 % of the sample, while the linear enamel hypoplasia – a 
non-specific enamel defect due to stressful and unhealthy lifestyle 
(Minozzi et al., 2020) is detected in six individuals (Table 1). The harsh 
everyday life for the individuals buried in Antemurale was also testified 
by the co-occurrence of both these defects in five skeletally immature 
individuals (Table 1). However, the lifestyle of the people buried in 
Antemurale seems not to have exposed them to massive injuries, as the 

occurrence of trauma leaving signs on the skull is restricted to individual 
PT VIII T1, whose bones of the lower limbs were characterized by the 
partial fusion of the proximal Tibial and Fibular epiphyses due to trau
matic events.

The overall picture gained from this sample shows a high mortality in 
children, who represent the most substantial part of this small sample 
and do not reach the age of ten. The significant presence and coexistence 
of non-specific stress markers indicate a disruption in metabolic rhythm 
during the growth period, which could have led to fatal outcomes. On 
the other hand, adults who have survived the most critical period
—childhood—reach considerable ages.

The availability of three femurs allows for estimating the stature of 
only three adult individuals (Table 1) according to different methods. 
The results show statures slightly different from the average calculated 
in the Central Italian peninsula from the Roman period and Middle Ages 
(Giannecchini & Moggi-Cecchi, 2008): the two male individuals PT VIII 
T1 and PT IV T5 are taller than the average; conversely, the woman PT 
IV T10 was characterized by a shorter stature. Specifically, the results for 
PT VIII T1 is 2 SD higher than the reported average – from 164.4 to 
166.9 cm for males (Danubio et al., 2017; Giannecchini & Moggi-Cecchi, 
2008) and could come with the putative influence from taller northern 
populations. Similarly, the estimation for PT IV T10 is 2 SD lower than 
the mean stature in Medieval Central Italian population (154.5 cm for 
females (Giannecchini & Moggi-Cecchi, 2008)), suggesting that the 
short stature of the female individual could be consistent with the 
demanding lifestyle she experienced (Quade & Gowland, 2021), as 
testified by the conjoined massive AMTL, porotic hyperostosis (cribra 
cranii), and linear enamel hypoplasia.

Thirteen out of 14 individuals submitted to the diet reconstruction 
through the carbon and nitrogen stable isotope analysis returned a 
collagen yield good enough for the spectrometric evaluation, even 
though PT IX 13A was characterized by a C/N ratio falling outside the 
range suggested for obtaining suitable spectrometric data (van Klinken, 
1999). Accordingly, even considering the δ13C and δ15N consistent with 
the overall distribution, we retain the data for 12 individuals (Table 1).

The isotopic values show heterogeneity in terms of δ13C and δ15N 
values. Indeed, the δ13C ranges from − 20.5 to − 18.5 ‰ (median = -19.2 
‰), while the δ15N values span from 5.6 to 11.1 ‰ (median 8.3 ‰).

Unfortunately, no faunal remains were analyzed from Antemurale, 
but the ecological background could be detailed by leveraging the data 
available for the Portus area through centuries (O’Connell et al., 2019).

Two out of 14 individuals from Antemurale died as toddlers (PTVIII 
T2 and PTIX T9), and their high δ15N values mirror the well-known 
breastfeeding effect (Fuller et al., 2006) rather than the genuine proti
dic fraction of the individual’s diet.

Remarkably, PTVIII T6 shows one of the lowest δ15N fingerprints: 
even though the age of weaning cannot be determined precisely, the age- 
at-death of 2–2.5 paves the way to consider this individual as just 
weaned, when fast growth and weaning of the children may cause a drop 
in the δ15N (Chinique de Armas et al., 2022; De Angelis et al., 2020a; 
Tsutaya & Yoneda, 2015). From that perspective, we can detect that in 
Antemurale, the children were considered adults, at least from a dietary 
perspective, at 2–3, and were in perfect agreement with the estimations 
for the previous Imperial period (De Angelis et al., 2020b; Killgrove & 
Tykot, 2013; Prowse et al., 2005).

Despite the proximity to the coastline, people from Antemurale did 
not ground their dietary preferences on marine resources. Instead, the 
exploitation of terrestrial resources seems somewhat consistent. So far, 
the comparison between Antemurale and people buried in Building 5 
(Portus 5th-6th cent AD (O’Connell et al., 2019) underlines a slight 
difference in their resource exploitation. Indeed, there was an overall 
change in the protidic consumption in Antemurale with respect to 
Building 5, which is detectable through the Bayesian reconstructions 
(Fernandes et al., 2014) (Fig. 2, Supplementary File 1) leveraging the 
herbivore and C3 plants isotopic signals (O’Connell et al., 2019).

The evaluation of the human signals shows that people from the 
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Table 1 
Summary Table for osteological and isotopic data. M: Male; F: Female; Ch: Child (undetermined sex). X.presence.

Sample Sex Age at 
death

Teeth Teeth 
with 
cavities

Antemortem 
Lost Teeth

Diffuse 
Calculus

Stature 
Trotter & 
Gleser cm

Stature 
Pearson 
cm

Teeth 
with 
LEH

Cribra 
orbitalia

Cribra 
cranii

Trauma δ13C 
(‰) vs. 
VPDB

δ15N 
(‰) vs. 
Air

%N %C C/ 
N

87/86Sr

PT VIII 
T1

M 45–55 28 3 3 − 174 ± 3 173 ± 2 − − − Lower 
limb

− 18.5 8.5 1.3 3.8 3.6 0.70987 
± 0.00001

PT VIII 
T2

Ch 0.5 – 1.5 9 − − − − − 2 X − − − 18.7 11.1 9.4 25.8 3.2 −

PT VIII 
T4

Ch 5.5 – 6.5 13 − − − − − 1 X − − − 19.0 9.6 6.8 19.8 3.4 −

PT VIII 
T6

Ch 2.5––3.5 23 1 − − − − − X − − − 19.8 7.6 9.8 27.6 3.3 −

PT IX T3 M 35–40 32 1 − X ​ ​ − − − − − 18.6 11.0 5.7 16.6 3.4 0.70854 
± 0.00003

PT IX T5 M 50+ 20 3 9 − 167 ± 3 168 ± 2 − X X − − − − − − 0.70959 
± 0.00005

PT IX T7 Ch 9–10 24 − − − − − 4 − − − − 20.5 5.6 7.8 21.8 3.3 −

PT IX T9 Ch 1.5 5 − − − − − − − − − − 19.0 10.6 14.6 40.7 3.2 −

PT IX 
T10

F 30–40 13 2 18 X 147 ± 3 147 ± 2 1 X − − − 19.9 7.9 2.7 8.2 3.6 0.71011 
± 0.00004

PT IX 
T11

M Adult − − − − − − − − − − − 20.2 6.3 2.1 6.5 3.6 −

PT IX 
T12 A

Ch 5–6 14 − − − − − − − − − − 19.0 8.7 1.5 4.8 3.6 0.70980 
± 0.00007

PT IX 
T12 B

Ch 6–7 14 2 − − − − 3 X − − 18.7 8.8 1.8 5.2 3.4 0.70982 
± 0.00002

PT IX 
T13 A

Ch 9–10 9 − − − − − 7 X − − − 17.8 8.8 0.6 3.7 6.8 −

PT IX 
T13 B

M 40–45 15 − − − − − − − − − − 19.4 6.9 1.0 3.1 3.6 0.70932 
± 0.00001

F. D
e A
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previous centuries experienced different dietary habits than the Ante
murale people. Indeed, the two communities are different in their δ15N 
(T = 4.25; p = 7E-04), while the difference at δ13C is negligible (T =
1.56; p = 0.064).

This evidence agrees with the speculations about the differential 
dietary habits in Portus through time already proposed for the area 
(O’Connell et al., 2019), underlining the cultural variation of people 
who adapted their lifestyle to the socio-economic and environmental 
conditions of the society where they lived.

Indeed, the collapse of the centralized rule of the Western Roman 
Empire following Barbarian raids culminating in the Sack of Rome (410 
CE) triggered the development of changing lifestyles across the Roman 
territories. Thus, the crisis of the centralized economy and the simul
taneous closure of several trade routes resulted in the overall develop
ment of an autarchic economic system (Elliott, 2020). The Gothic War 
(461–476 CE) dramatically impacted the population size of Rome and 
surrounding areas, pushing people to relocate to small settlements 

(Kelly, 2023). Accordingly, the Antemurale individuals could match one 
of these small communities, whose daily life was characterized by self- 
procurement of foodstuffs rather than getting them through the mar
ket economy. Indeed, starting from the middle of the 5th century CE the 
harbor area was active, but the volume of trade that passed through 
contracted dramatically (Keay et al., 2005). Accordingly, terrestrial re
sources such as grains and vegetables, as well as secondary products 
such as milk and dairy products, should be the staple of their dietary 
habits for such dwellings. Indeed, the isotopic evidence in early medi
eval Rome (Varano et al., 2020) supports the exploitation of these re
sources, also confirmed in roughly coeval sites in Northern and Central 
Italy (O’Connell et al., 2019; Riccomi et al., 2020; Tafuri et al., 2018; 
Temkina, 2021).

The comparison with roughly coeval communities for which the 
isotopic data are available (Riccomi et al., 2020; Tafuri et al., 2018) 
shows a similar δ15N signature in Selvicciola (T = -0.81; p = 0.211), a 
burial ground established in northern Latium between 4th and 8th 

Fig. 2. Bayesian reconstruction of the differential exploitation of C3 plants and animal (herbivore) proteins in Antemurale (left) vs Building 5 (right) communities 
of Portus.

Fig. 3. Isotope data dispersion for faunal remains and humans. PT: Antemurale; B5: Building 5; SG: Wallari/Borgo San Genesio; VM: Via Marche; SLV: Selvicciola.
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century CE, while two slightly diachronic communities in Tuscany show 
a different pattern (Via Marche, 3rd–5th centuries AD; T = -3.42; p =
7.16E-4; and Wallari/Borgo San Genesio, 6th–13th centuries AD; T =
-4.77; p = 6.6E-4) (Fig. 3). Accordingly, our data are consistent with the 
hypothesis suggesting that the local environment, along with the 
‘collapse’ and depopulation of much of the Italian urban networks 
following the fall of the Western Roman Empire, represented a critical 
factor in driving the lifestyles at a community level (Chavarría Arnau, 
2011).

Indeed, the socio-political events in Late Antique Italy could have 
represented multiple tipping points for developing distinctive bio
cultural characteristics (Rose, 2021).

The arrival of Germanic armies up to Rome in the previous centuries, 
followed by sieges and multiple attacks, greatly increased the chance of 
introducing cultural phenomena, social habits, and even genes in the 
forthcoming generations (Amorim et al., 2018; Jones, 2021).

Recently published evidence has highlighted that roughly 10 % of 
Roman population in the Imperial period did not originate from the area 
where they were buried. This result, in turn, explains how trade routes 
and the movements of people fueled diversity in the Roman Empire 
(Antonio et al., 2024), which was further tuned in the following periods 
due to the forced migration and admixture occurring across 
communities.

We generated whole genome data for four individuals from Ante
murale to explore the putative traces of allochthonous people in the 
cultural and biological characteristics of the individuals from Portus. 
Despite the restricted sample size, to the best of our knowledge, this is 
one of the first pilot studies about the genomic characteristics of people 

from the area in Late Antiquity – 5 individuals from San Ercolano, Ostia, 
were already characterized (Antonio et al., 2019) –, thus representing a 
helpful further step for future in-depth analyses.

The endogenous DNA ranges between 0.67 % and 7.05 %, with a 
maximum coverage of 0.053x (std. dev. 0.789), suggesting that the DNA 
preservation was greatly affected by the chemical-physical processes of 
the burial environment (Zhu et al., 2022) (Supplementary Table 1).

Three of four Antemurale samples (PTVIII T6, PTIX T12A, PTIX 
T12B) returned at least 40,000 reads and were compared to the vari
ability across roughly coeval and Imperial period Italian populations. 
Fig. 4 shows that Antemurale people fall in the variability of the selected 
populations, even though their affinities with the Imperial period in
dividuals cannot be denied. Indeed, the broad impact of the Roman 
Empire in the relocation of thousands of people from different 
geographical areas towards the center of the Empire resulted in a het
erogeneous genetic makeup of these individuals (Antonio et al., 2019, 
2024; De Angelis et al., 2021, De Angelis et al., 2020a), which could 
make the identification of differences across people from both Imperial 
and Late Antique periods challenging.

However, to detect the putative allochthonous genetic components 
in the sample, we broadened our evaluation, including European pop
ulations, that could be introduced in the Italian peninsula through the 
barbarian invasions of the 4th century CE (Halsall, 2005).

The first genetic component marks the overall differentiation be
tween Central European and Mediterranean populations (Fig. 5). Ante
murale individuals show a remarkable difference in the first genetic 
component. PT VIII T6 and PT IX T12A appear similar to the Imperial 
period Italians – even though PT IX T12A falls apart in the second 

Fig. 4. PCA plot for the relationship of Portus individuals with roughly coeval Italian populations (Supplementary File 2). LG: Lombards; SA: Sardinia; OS: Ostia; RM: 
Rome; LA: Latium; IS: Isola Sacra; VN: Venosa._I: Imperial Time;_LA: Late Antiquity.
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Fig. 5. PCA plot for the relationship of Portus individuals with roughly coeval Western European populations (Supplementary File 2). A: Austria; C: Croatia; CZ: 
Czech Republic; D: Denmark; E: England; F: France; G: Germany; I: Italy; LG: Lombards; SA: Sardinia; L: Lithuania; SK: Slovakia; SL: Slovenia; SW: Sweden._I: Imperial 
Age;_M: Medieval;_IA: Iron Age;_VK: Viking Age;_LA. Late Antiquity.

Fig. 6. f3 outgroup (Yoruba; Portus, popX). Codes for the populations (popX) are reported in Fig. 5.
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component, probably because of the deficient number of useful SNPs −
while PT IX T12B is between the Italians and the Continental Europeans, 
supporting the heterogeneity characterizing the Central Italian Late 
Antique population.

To further explore the genetic affinities of Antemurale, we leveraged 
the f3 outgroup statistic in the form (Yoruba; Portus, popX).

This analysis pointed out the magnitude of the impact of both Im
perial and Late Antique continental populations’ genetics in the Ante
murale samples, even though we should consider the tiny difference in 
the magnitude of the statistic (Fig. 6) as well as the effect of the low 
sample size for the test sample, which makes this result to be considered 
with extreme caution (Mughal & DeGiorgio, 2022).

The D-statistic (Fig. 7) was also determined as an additional 
parameter to underline correlations of allele frequency differences by 
evaluating a test population’s similarity for two references and the 
outgroup population (Yoruba, Antemurale; popX, popY).

Both the analyses showed that Antemurale people show evidence of 
introgression from Italian Late Antique groups and Slovenians from 
Imperial Age (Antonio et al., 2024), suggesting a putative gene flow 
between people coming from the northern fringe of the Balkan countries 
and Central Italian communities. This evidence could match the his
torical events in the 5th century CE when the Goths moved massively to 
Italy (Boin, 2020). However, the restricted sample size could bias that 
overall interpretation.

Indeed, the supervised ADMIXTURE analyses considering the Im
perial Age people from Latium and all the Italian Peninsula, as well as 
from Slovenia and Late Antique people from Germany, Italy, and Lom
bards as reference populations, show that the three individuals from 

Portus share a consistent Italian genomic background (both from the 
Imperial Age and Late Antiquity), with only one sample returning a 
slight central European genetic component from the Imperial Age 
(Fig. 8).

So far, the genomic information concurs in defining the three sam
ples from Antemurale as more similar to local and the Imperial Age 
groups than to people that belonged to incoming groups of invaders 
from Central Europe.

The mtDNA haplogroups for the three individuals were characterized 
by subsetting the reads aligning the mitogenome (coverage ranging from 
0.94x to 4.45x): all the haplogroups pertain to the H lineages, supporting 
the European genetic origin of their maternal lineages (Roostalu et al., 
2007), but not further specified.

The molecular sex determination was unambiguously possible for 
PT9_T12B, which returned a male assignment. His Y chromosome be
longs to the T-L162*, which derive from T-M70, a lineage which is found 
at variable frequencies across West Asia, Africa, and Europe (Mendez 
et al., 2011).

As already stated, the radiocarbon dating performed on one of the 
samples from Antemurale returned a wide date of 542–716 CE, sug
gesting that the Antemurale people could represent the heirs of in
dividuals who already experienced the gene flow from both the local and 
arriving populations.

That speculation is also supported by the Sr isotope ratios obtained in 
our study, which pointed out a local origin for the Antemurale in
dividuals, also comparing those individuals with the restricted samples 
from previous studies attempting to determine a local range for those 
indicators (Killgrove & Montgomery, 2016; Killgrove & Tykot, 2018). 

Fig. 7. D-statistics representation in the form (Yoruba, Antemurale; popX, popY). Codes for the populations are reported in Fig. 5.
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Indeed, strontium isotope data for all the individuals from Antemurale 
are between 0.70854 and 0.71011, consistent with the geology of the 
Colli Albani and the recently developed local isoscape for the Italian 
peninsula (Lugli et al., 2022). Specifically, three out of four genomically 
characterized samples returned a narrow range of 87Sr/86Sr values from 
0.70932 to 0.70982, which falls in the range defined for human and 
animal teeth in the area around Rome (Lugli et al., 2022).

Unfortunately, the strontium characterization of PT VIII T6 did not 
return enough strontium to be compared with the genomic information.

Overall, the archaeological speculations and the bioarchaeological 
survey herein are consistent in reasonably considering the individuals 
from Antemurale as a single community of local origin characterized by 
similar biocultural characteristics related to health and lifestyle. To the 
best of the knowledge gained through our analyses, we hypothesize that 
people buried there could be heirs of people inhabiting central Italy in 
the Imperial Age, which were only slightly impacted genetically by the 
arrival of allochthonous people from northern areas.

Certainly, despite the significant frequency of migration in the area, 
there is minimal indication of population homogenization, as already 
proposed in a wider perspective (Antonio et al., 2024). Compared to 
expectations, the relatively subdued impact of migration likely stems 
from decreased mobility following the decline of the Empire and the 
potential for a more intricate assimilation of migrating individuals into 
the societal framework of local populations.

4. Conclusions

The recent development of an integrated approach made possible the 
analyses we performed on different aspects of the biocultural charac
teristics of people living in the Antemurale area of Portus.

The osteological evaluation showed that most of the sample pertains 
to skeletally immature individuals. They were prone to be impacted by 
the harsh lifestyle of the local community. Indeed, the non-specific stress 
markers detectable on the adults’ bone suggest they were part of a low- 
income community, where oral pathologies and stressful conditions 
undermined the overall health status.

The consumption of terrestrial resources was a staple for this com
munity, whose subsistence was based on local and autarchic supply. 
Indeed, the isotopic characterization of the enamel supports the local 
development of the community, which exploited local plants for their 
subsistence. Accordingly, the individuals should be considered local in 
terms of their geographic origin. However, their genetic heritage is local 
as well. Indeed, the genomic characterization of a subset, though 
massively impacted by the deleterious diagenetic factors, showed that 
people from Antemurale could be considered more similar to the Italian 
people of the Imperial Age and Late Antiquity than the invading groups 
from Central Europe. In that perspective, to the best of our knowledge, 
we can conclude that people in the Portus area were not massively 
conditioned by the arrival of foreign armies on the outskirts of Rome in 
the previous centuries.

We are conscious that the data generated in the analyses of the 14 
tombs from the Late Antique Antemurale area could represent the 
starting point for the systematic and comprehensive evaluation of the 
osteological material recovered in the Portus area, still underrepre
sented in the bioarchaeological assessment of the complex dynamics 
occurring in the area between Rome and Ostia in Late Antiquity. Indeed, 

the widely replication of our multipronged approach on other roughly 
contemporary funerary areas, as well as the evaluation of additional 
isotope systems on both humans and faunal/plant remains, will shed 
light on the bio-cultural impact of incoming people in the Italian 
peninsula at the end of the Roman Empire.
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sexuelle du bassin osseux / par Marc-Rodolphe Sauter. s.n.. S.l. https://patrimoine. 
mediatheques-grandpoitiers.fr/PATRIMOINE/doc/SYRACUSE/1124716/sur-un-nou 
veau-procede-metrique-de-determination-sexuelle-du-bassin-osseux-par-marc-rod 
olphe-sauter.

Schultz, A.H., Schultz, A.H., 1930. The skeleton of the trunk and limbs of higher 
primates. Hum. Biol. 2 (3), 3. https://doi.org/10.2307/41447039.
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