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Iron Age
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. We present the open-access Mediterranean Archive of Isotopic dAta (MAIA) dataset, which includes

© over 48,000 isotopic measurements from prehistoric human, animal and plant samples from
archaeological sites in the Mediterranean basin dating from the Neolithic to the Iron Age (ca. 6000 — 600
BCE). MAIA collates isotopic measurements (6*3C, 6*°N, §°*S, §*®0 and #’Sr/®¢Sr) alongside supporting
information (e.g. chronology, location and bibliographic reference). MAIA can be used to explore past
human and animal diets and mobility, reconstruct paleo-ecological and -climatic phenomena and
investigate human-environment interaction throughout later prehistory in the Mediterranean. MAIA
has multiple research applications and here we show how it can be used to evaluate sample preservation
and identify data gaps to be addressed in future research. MAIA is available in an open-access format
and can be employed in archaeological, anthropological, and paleo-ecological research.

Background & Summary
The Mediterranean Archive of Isotopic dAta (MAIA) is a large-scale open-access dataset of isotopic measure-

: ments collected from published studies on the Mediterranean area, covering a temporal range from the begin-

. ning of the Neolithic to the end of the Iron Age (ca. 6000 to 600 BCE).

: Isotopic analyses have been used for the last forty years to reconstruct dietary practices and mobility patterns
of archaeological and modern material'=>. Stable isotope ratios of carbon (6"*C), nitrogen (6'°N) and sulphur

© (6*S) measured in bone and tooth collagen are primarily employed for dietary reconstructions. In humans,

. bones typically average diets for a number of years prior to death. The time span that these reflect depends

. on bone-specific collagen remodelling rates’, while in contrast, teeth do not undergo remodelling following
collagen formation and can therefore be used to study diets from childhood to early adulthood’. Measurement
of carbon and oxygen stable isotopes (6'*0) from bone bioapatite and tooth enamel offers dietary and spatial
mobility information, respectively. Given that oxygen isotopes in consumers are sourced from ingested water,

: they can also be used in paleoclimatic studies and standard materials for such type of research include mollusc
shells®1°. Another common isotopic proxy in archaeological research is strontium isotopes (¥7Sr/*¢Sr), typically
measured in tooth enamel, mollusc shells and plant materials, used for spatial mobility studies''.

The proper interpretation of isotopic data often requires the use of ancillary data. For instance, when recon-
© structing human mobility and diets, it is necessary to compare human isotopic values with appropriate isotopic
© baselines established using local and coeval animal, plant, and soil samples'>?.

: Numerous studies of stable isotopes applied to archaeological materials have been published since the pio-
neering work by Vogel and Van Der Merwe on early maize cultivation'. However, most of these focus on limited
archaeological contexts or, most commonly, on a single site. During the last 30 years, isotope analyses have been
extensively applied in the Mediterranean region to reconstruct, among others, prehistoric lifeways. Since 1993',
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Fig. 1 Number of publications on Mediterranean prehistoric sites included in the dataset divided by year. Total
number of publications = 333.

more than three hundred articles and doctoral theses have been published that employ isotopic data to discuss
palaeoecological scenarios and human and animal behaviour (Fig. 1).

The application of isotope analysis to archaeological remains has been crucial in observing how past com-
munities dealt with social and economic changes throughout time'>'°. Later prehistory, in particular, incorpo-
rates several key transformations that influenced humans both on a local and a broader scale: from the rise of
farming economies in the Neolithic and the development of metalworking in the Copper Age to the increasing
social stratification of the Bronze Age and the local fragmentation of societies in the Iron Age. For instance,
isotope analysis presented the first evidence of C, plant consumption (specifically millets) in Europe during the
Bronze Age®, even though millet was previously thought to have been consumed in Europe only from the Iron
Age onwards??. This evidence provides information on how past communities dealt with the surrounding
environment during the second millennium BCE?, and the growing literature on millet exploitation in prehis-
toric Europe is a testament to how isotope studies have often set new agendas. However, most of these studies
remained focused on site-specific questions with chronologically and geographically limited insight. This calls
for a more thorough, comprehensive perspective on the isoscape of Mediterranean prehistory, which would be
key in elucidating such dynamics at a broader scale.

The time is ripe for creating an open-access dataset where researchers can find all the isotopic data and
archaeological information needed for studies applied to Mediterranean prehistoric contexts: the MAIA dataset.
Collecting chrono- and geo-referenced isotopic data in a public dataset enables the study of spatial and tempo-
ral isotopic variations in plant, animal and human groups on a large scale. Given the lack of literary sources in
prehistory, extensive studies are essential to deepening our understanding of prehistory in the Mediterranean
basin. Researchers will also benefit from the integration of isotopic data with archaeological and anthropological
information for a multi-proxy approach. Archives such as MAIA could also be used to detect which regions and
chronological phases lack data (i.e. data gaps) and therefore guide future research. Alternatively, they can be
explored to evaluate diagenetic alterations of the archaeological material relative to its chronology or geography.
Recently, several datasets containing isotopic data from different time periods and geographical locations have
been published, and the relevance and potential of this approach have been proven®*-?. Following, we provide
examples to demonstrate its research potential.

Data gaps. Data gaps consist of areas and periods underrepresented or uninvestigated in the scientific lit-
erature. In the field of isotopic studies, they can arise from local environmental conditions which are adverse
to the preservation of bioarchaeological remains and the choice of burial practices. For instance, in arid envi-
ronments skeletal remains are typically less well preserved®*-*? while cremation can destroy all organic tis-
sues®. Simultaneously, the intensity and extension of archaeological research vary across countries, depending
on their archaeological background and research interests. Thanks to MAIA, it is now possible to report the
state of isotopic pre-historical research in the Mediterranean basin. By identifying data gaps, we can single out
areas and time periods that have been understudied and would benefit from new isotopic research programmes.
Simultaneously, novel and less employed isotopic methods studies could contribute to resolving pending histori-
cal questions, including for sites on which some isotopic research has already been undertaken. This may include
less commonly employed sulfur isotopic analysis, the extension of strontium measurements, or the use of com-
pound specific isotopic analysis.
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Preservationissues. Bioarchaeological materials undergo diagenesis following deposition in soil**-%. These
include physical, chemical and biological modifications®, and their rate depends on burial practices, burial dura-
tion, local environmental conditions and soil characteristics®**>**. Arid environments are well-known for being
adverse to the preservation of bone collagen®**"*! and there are studies pointing to an association between the
length of burial times and sample preservation®>*%. Diagenetic trajectories will depend on the type of tissues
and chemical and structural properties of bioarchaeological materials**~*%. There are some methods employed
to screen for tissue preservation. For example, in collagen, the most widely employed organic tissue for sta-
ble isotope analysis of carbon, nitrogen and sulphur, elemental criteria are used to evaluate contributions from
foreign contaminants together with the yield of collagen (%) following its extraction from bone and teeth*.
Standard elemental preservation proxies include carbon, nitrogen and sulphur content (%) and their atomic
ratios (C:N, C:S, N:S). However, different authors have presented different ranges of acceptance for these cri-
teria. DeNiro* and Ambrose?® proposed that isotopic measurements are acceptable when the C/N atomic ratio
is between 2.9 and 3.6; van Klinken*® also advises that collagen yields should be >0.5wt%, %C around 35% and
%N between 11 and 16%. As for sulphur isotope analysis, bone collagen preservation in mammals and birds is
acceptable when 0.15% < %S < 0.35%, C/S ranges from 300 to 900 and N/S from 100 and 300. For fish instead:
0.40% < %S < 0.80%, C/S ranges from 125 to 225 and N/S from 40 to 80*”#3, Similar criteria with wide acceptance
within archaeological isotopic research are lacking for plant remains*, although some studies have started to
introduce the percentage of the elements and the isotope ratio to identify diagenesis™.

Methods

The collection of isotopic data started in February 2022 and ended in March 2023. Bibliographic research was
carried out using the web search engine Google Scholar (https://scholar.google.com/) and extended by checking
the bibliography of collected publications. English was used as the search language (keywords: e.g. “neolith-
ic”copper age’, “bronze age”, “iron age’, “isotopes’, “human’, “animal’, “Croatia’, “Italy”) as this is the language
most widely used in the field. However, articles written in other languages were occasionally included if refer-
enced in English-written articles. We are aware that this represents a limitation, but this is also a natural con-
straint as the authors are not familiar with the other Mediterranean languages. Therefore, we urge researchers
from the field and the area to implement our dataset with missing articles, following the main scope of the
Pandora Initiative (https://pandoradata.earth/about). For the same reason, if needed, our colleagues can inde-
pendently translate the dataset into other languages and upload it to the same repository, following CC-BY
guidelines.

In addition, some articles had to be excluded, although they were pertinent to our scope. This was done
because only a graphical analysis was provided, with no possibility to access the original data.

MAIA covers the Mediterranean region between the beginning of the Neolithic and the end of the Iron Age,
ca. 6000 - 600 BCE. We defined the Mediterranean region as the ecozone of diffusion of the olive tree following
Horden and Purcell®, which includes 22 modern countries: Albania, Algeria, Croatia, Cyprus, Egypt, France,
Greece, Israel, Italy, Jordan, Lebanon, Libya, Malta, Morocco, Montenegro, Palestine, Portugal, Spain, Slovenia,
Syria, Tunisia and Turkey.

Isotopic data have been collected for human, animal and plant samples for the time frame described. To
widen the isotopic baseline, we included animal and plant materials used as reference material from earlier or
later periods (from the Palaeolithic to modern samples). The dataset lists the following types of isotopic proxies:

o 6"Cand 6"N and 6*S measured in collagen;

o 6BCand 60 from both carbonate and phosphate fractions of tooth enamel, bone bioapatite, and mollusc
shells;

o 58r/%Sr and #Sr/%Sr from tooth and bone apatite and mollusc shells.

Most human and animal isotopic measurements are collected from skeletal remains and shells. However, a
minor portion of the dataset derives from other bioarchaeological remains, such as antlers, hair, horns, intestines
and plastrons.

Single compound measurements have not been included in the MAIA dataset, as no studies on
Mediterranean prehistory are currently available.

Isotopic values were collected together with supporting information to describe the cultural and social con-
texts of the samples. This includes archaeological information (e.g. the cultural horizon ascribable to the archae-
ological site or the single individual analysed, the type of pottery found in the archaeological site or among the
grave goods) and biological data (sex estimation, age at death, taxonomic classifications) as reported in the
publications. When available, each individual’s archaeological and laboratory identifiers have also been included
in the dataset (see the “Dataset Structure” file at the data repository).

Each sample entry also contains chronological information. A temporal range was given and preferably set
using radiocarbon measurements when available. When radiocarbon dates were not available, the samples’ chro-
nology was determined from material culture.

Every entry was also georeferenced using the latest World Geodetic System (WGS84) version with Latitude
and Longitude coordinates in decimal degrees. The coordinates were retrieved from the original publications
when available. Otherwise, Google Earth (https://earth.google.com/web/) was used to locate the archaeological
site and extract its coordinates. For the latter, an uncertainty estimate (in km) was included “unc. Radius (km)”
column to indicate the area within which the site was likely located.
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Data Records

MAIA (available in XLSX and CSV formats)*? has been deposited on the Pandora platform (https://pandoradata.earth/,
data available since 2023) following FAIR and CARE principles. It contains data from 18 modern countries:
Albania, Algeria, Croatia, Cyprus, France, Greece, Israel, Italy, Jordan, Lebanon, Libya, Malta, Morocco,
Palestine, Portugal, Spain, Syria and Turkey. No isotopic data have been found in the Mediterranean region for
Egypt, Montenegro, Slovenia and Tunisia for the prehistoric period.

MAIA is subdivided into three datasets according to sample type: animals, humans and plants. A total of 333
publications (papers, book chapters, Master’s and PhD theses) have been included in the dataset.

The Pandora platform allows data communities to self-manage their data and membership features, includ-
ing assigning Digital Object Identifiers (DOIs) to deposit materials. It is also possible to link different data-
sets together, promoting research collaborations. For isotopic studies, in particular, the IsoMemo initiative
(https://pandoradata.earth/group/isomemo-group) brings together several archaeological datasets to enable
comparative studies across time and space.

MAIA is organised into different sections:

« Bibliographic data: each publication’s reference (in APA style) and its relative DOI have been reported. Given
the collaborative nature of the dataset, fields are included for the citation of other datasets that could be used
to retrieve isotopic data in the future.

o ID data: this section provides the unique identifiers of each entry (including radiocarbon lab codes).

+ Biological data: the sex and age at death of humans (and a modest fraction of the animals). The ages reported
in the publications have been converted into age groups following Buikstra and Ubelaker>.

« Taxonomic data: not present for humans. For animal and plant entries, this section contains the family, genus
and species details and information on animals’ trophic levels and plant metabolism.

o Sampling data: the type of sampled material and the component used for isotopic analysis. This section also
includes information on whether incremental analysis has been carried out.

« Site data: a section containing details on the site from which the samples originate, the modern country where
the site is located, the type and age of the site, archaeological information (e.g. pottery, metallurgy), the site
location (latitude and longitude information georeferenced using decimal coordinates relative to the WGS84
system).

+ Chronological data: this section includes all the information available on the sample chronology, including
radiocarbon dates. Relative dates have also been included based on material culture.

+ Isotopic data: this section contains all the isotopic data, including the quality parameters and the labora-
tory used for mass-spectrometry measurements. When isotopic measurements were provided as population
means, the number of samples is reported in this section.

For a more detailed explanation and examples, see the “Dataset Structure” file at the data repository.

Technical Validation

For carbon, nitrogen and sulphur, when included in the original publications, the values for the criteria used to
assess collagen quality (collagen yield, %C, %N, %S, C/N, C/S, N/S) are included in the dataset. Isotopic data that
did not meet the quality criteria were equally included. Values currently considered unreliable can, in fact, be
used for other purposes (i.e. to assess diagenesis, to understand better causal mechanisms that lead to contam-
ination) and might be reconsidered in future methodological advances. Data falling outside the recommended
parameters can be filtered out before data analysis.

Oxygen values are typically reported using the Vienna-Pee Dee Belemnite (V-PDB) or Vienna Standard
Mean Ocean Water (V-SMOW). Simultaneously, oxygen isotopes are commonly measured on carbonate or
phosphate ions®*. In some archaeological publications, oxygen isotopic values measured in phosphates are
reported as drinking water values®>*. Therefore, the dataset has separate fields to report oxygen isotopic val-
ues measured in phosphates or carbonates relative to V-PDB and V-SMOW), as well as drinking water values if
reported in the publications (see the “Dataset Structure” file at the data repository).

Regarding strontium isotopes, several publications have highlighted the preservation of the endogenous
isotopic signature in tooth enamel®’-'. Bone material is instead more easily subject to contamination during
the burial®*%2-¢¢, For this reason, the type of analysed material is easily identifiable in MAIA under the “Sampled
Element” and “Analysed Component” fields (see the “Dataset Structure” file at the data repository).

Usage Notes
The values collected in MAIA can be used for different research purposes, among which we envision:

1) Reconstruction of past human lifeways such as diet or spatial mobility;
2) Palaeoenvironmental and palaeoclimatic studies;

3) Reconstruction of agricultural practices such as manuring or irrigation;
4) Detection of research data gaps;

5) Assessment of sample preservation.

Here, we present an exploratory analysis of collagen preservation on prehistoric human and animal bones
performed with MAIA, using the following collagen quality parameters for carbon and nitrogen measurements:
collagen yield > 0.5wt%, %C around 35%, %N between 11 and 16* and C/N atomic ratio between 2.9 and 3.6%.
A total of 7755 human samples with carbon and nitrogen measurements are available in MAIA. However, all the
collagen quality criteria (collagen yield, %C, %N, C/N) are only available for 3169. As van Klinken* suggested,
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Fig. 2 Human §°C and §'°N preservation. (a) Bar chart showing in red the number of human samples with
81°C and §'°N measurements, in green the number of samples having all collagen quality criteria (collagen
yield, %C, %N and C/N) reported and in blue the number of samples meeting the collagen criteria, divided by
modern country. (b) Pie chart showing only the number of human samples with §'*C and §'°N measurements
meeting the collagen quality criteria.

combining all four parameters to evaluate collagen preservation is the best approach: 2442 (77.1%) samples meet
all the quality criteria. Figure 2 shows the number of samples that meet the collagen quality criteria divided by
modern country. Spain has the highest number of isotopic values, with 84.1% being good quality (835/993). The
highest percentage of preservation can be found in Jordan. However, only 25 measurements are available for
the country and therefore, the small sample size might not have captured the environmental effect on collagen
preservation®%-32,

Of the animal entries (4913) reporting carbon and nitrogen isotope values (with 36 entries from modern
samples, therefore excluded from this preservation study), 2914 entries present all the collagen quality criteria
(collagen yield, %C, %N, C/N) and 67.3% (1960 entries) of these meet the quality criteria. Greece shows the
highest number of isotopic measurements within the quality ranges (848/1234). The number of entries meeting
the quality criteria divided by modern country is reported in Fig. 3.
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Fig. 3 Animal §"*C and 8N preservation. (a) Bar chart showing in red the number of animal samples with 6°C
and §"°N measurements, in green the number of samples having all collagen quality criteria (collagen yield, %C,
%N and C/N) reported and in blue the number of samples meeting the collagen criteria, divided by modern
country. (b) Pie chart showing only the number of animal samples with 6!*C and §'°N measurements meeting
the collagen quality criteria.

For both animals and humans, the countries with the lowest amount of preserved remains are those lying
along the southern margin of the Mediterranean Basin (Fig. 4), suggesting that the latitude at which samples were
buried influenced their preservation. However, Greece and Spain show the highest amount of well-preserved
animal and human samples, respectively. Therefore, collagen is still well preserved and reliable for isotopic anal-
ysis even when human and animal remains are buried in (semi-)arid conditions®”-7°. However, it is possible that
some of these studies only publish part of the generated dataset and therefore exclude data that do not meet the
quality criteria. This may bias the meta-analysis presented here and calls for urgency in publishing both accepted
and rejected measurements (according to the quality criteria) in the future. Additionally, we should notice that
these findings also follow the geographical data distribution, with the majority of preserved remains coming
from those countries with the highest number of samples analysed (Spain and Greece). In contrast, countries
with the lowest number of samples studied (e.g. Algeria) have the lowest amount of preserved data.
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Fig. 4 Distribution of preserved and non-preserved collagen for human and animal samples. 0 = non-preserved
collagen. 1 = preserved collagen. (a) Distribution in the human sample. (b) Distribution in the animal sample.

The analyses shown here are limited to carbon and nitrogen values, given their abundance in the dataset and
the absence of such corroborated quality criteria for other measurements (excluding sulphur).

We would recommend users of the dataset cite the original publications as well as this dataset when using
data from MAIA.

Researchers are welcome to integrate this dataset with other existing datasets. This is facilitated by the pres-
ence of both chronological and geographic coordinates, as well as references to the original publications, that
will allow comparison with data from other public repositories.

SCIENTIFIC DATA | (2023) 10:917 | https://doi.org/10.1038/s41597-023-02783-y 7


https://doi.org/10.1038/s41597-023-02783-y

www.nature.com/scientificdata/

Code availability
No custom code was used.

Received: 13 July 2023; Accepted: 23 November 2023;
Published online: 20 December 2023

References

1.
2.

3.
. Roberts, P. et al. Calling all archaeologists: guidelines for terminology, methodology, data handling, and reporting when undertaking

10.
. Alexander Bentley, R. Strontium isotopes from the earth to the archaeological skeleton: a review. J. Archaeol. Method Theory 13,

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.

28.
. Cocozza, C,, Cirelli, E., Grof3, M., Teegen, W. R. & Fernandes, R. Presenting the Compendium Isotoporum Medii Aevi, a multi-

30.
31.

32.
33.
34,
. White, E. M. & Hannus, L. A. Chemical weathering of bone in archaeological soils. Am. Antiq. 48,316-322 (1983).
36.
37.
38.

39.

Vogel, J. C. & Van Der Merwe, N. J. Isotopic evidence for early maize cultivation in New York State. Am. Antiq. 42,238-242 (1977).
DeNiro, M. J. & Epstein, S. Influence of diet on the distribution of carbon isotopes in animals. Geochim. Cosmochim. Acta 42,
495-506 (1978).

Nehlich, O. The application of sulphur isotope analyses in archaeological research: a review. Earth-Sci. Rev. 142, 1-17 (2015).

and reviewing stable isotope applications in archaeology. Rapid Commun. Mass Spectrom. 32, 361-372 (2018).

. Guiry, E. Complexities of stable carbon and nitrogen isotope biogeochemistry in ancient freshwater ecosystems: Implications for the

study of past subsistence and environmental change. Front. Ecol. Evol. 7, 313 (2019).

. Hedges, R. E. M, Clement, J. G., Thomas, C. D. L. & Oconnell, T. C. Collagen turnover in the adult femoral mid-shaft: Modeled from

anthropogenic radiocarbon tracer measurements. Am. J. Phys. Anthropol. 133, 808-816 (2007).

. AlQahtani, S. J., Hector, M. P. & Liversidge, H. M. Brief communication: The London atlas of human tooth development and

eruption. Am. J. Phys. Anthropol. 142, 481-490 (2010).

. Pederzani, S. & Britton, K. Oxygen isotopes in bioarchaeology: Principles and applications, challenges and opportunities. Earth-Sci.

Rev. 188, 77-107 (2019).

. Leng, M. J. & Lewis, J. P. Oxygen isotopes in molluscan shell: Applications in environmental archaeology. Environ. Archaeol. 21,

295-306 (2016).
Barbour, M. M. Stable oxygen isotope composition of plant tissue: a review. Funct. Plant Biol. 34, 83-94 (2007).

135-187 (2006).

Makarewicz, C. A. & Sealy, J. Dietary reconstruction, mobility, and the analysis of ancient skeletal tissues: Expanding the prospects
of stable isotope research in archaeology. J. Archaeol. Sci. 56, 146-158 (2015).

Grimstead, D. N., Nugent, S. & Whipple, J. Why a standardization of strontium isotope baseline environmental data is needed and
recommendations for methodology. Adv. Archaeol. 5, 184-195 (2017).

Araus, J. L. & Bux6, R. Changes in carbon isotope discrimination in grain cereals from the north-western Mediterranean Basin
during the past seven millennia. Funct. Plant Biol. 20, 117-128 (1993).

Lightfoot, E., Liu, X. & Jones, M. K. Why move starchy cereals? A review of the isotopic evidence for prehistoric millet consumption
across Eurasia. World Archaeol. 45, 574-623 (2013).

Jay, M. Breastfeeding and weaning behaviour in archaeological populations: evidence from the isotopic analysis of skeletal materials.
Child. Past 2, 163-178 (2009).

Fulminante, E Infant feeding practices in Europe and the Mediterranean from prehistory to the Middle Ages: a comparison between
the historical sources and bioarchaeology. Child. Past 8,24-47 (2015).

Dong, G., Yang, Y., Han, J., Wang, H. & Chen, F. Exploring the history of cultural exchange in prehistoric Eurasia from the
perspectives of crop diffusion and consumption. Sci. China Earth Sci. 60, 1110-1123 (2017).

Sehrawat, J. S. & Kaur, J. Role of stable isotope analyses in reconstructing past life-histories and the provenancing human skeletal
remains: a review. Anthropol. Rev. 80, 243-258 (2017).

Tafuri, M. A., Craig, O. E. & Canci, A. Stable isotope evidence for the consumption of millet and other plants in Bronze Age Italy.
Am. J. Phys. Anthropol. 139, 146-153 (2009).

Murray, M. L. & Schoeninger, M. J. Diet, status, and complex social structure in Iron Age Central Europe: Some contributions of
bone chemistry. in Tribe and Polity in Late Prehistoric Europe: Demography, Production, and Exchange in the Evolution of Complex
Social Systems (eds. Gibson, D. B. & Geselowitz, M. N.) 155-176 (Springer US, 1988).

Le Huray, J. D. & Schutkowski, H. Diet and social status during the La Téne period in Bohemia: Carbon and nitrogen stable isotope
analysis of bone collagen from Kutnd Hora-Karlov and Radovesice. J. Anthropol. Archaeol. 24, 135-147 (2005).

Magny, M. Holocene climate variability as reflected by mid-European lake-level fluctuations and its probable impact on prehistoric
human settlements. Quat. Int. 113, 65-79 (2004).

Williams, A. N., Ulm, S., Smith, M. & Reid, J. AustArch: a database of 14C and non-14C ages from archaeological sites in Australia:
composition, compilation and review. Internet Archaeol. 36, 1-12 (2014).

Salesse, K. et al. IsoArcH.eu: An open-access and collaborative isotope database for bioarchaeological samples from the Graeco-
Roman world and its margins. J. Archaeol. Sci. Rep. 19, 10501055 (2018).

Etu-Sihvola, H. et al. The dIANA database — Resource for isotopic paleodietary research in the Baltic Sea. area. J. Archaeol. Sci. Rep.
24,1003-1013 (2019).

Cocozza, C. & Fernandes, R. Amalthea: A database of isotopic measurements on archaeological and forensic tooth dentine
increments. J. Open Archaeol. Data 9, (2021).

Fernandes, R. et al. The ARCHIPELAGO archaeological isotope database for the Japanese islands. J. Open Archaeol. Data 9, (2021).

isotope database for Medieval Europe. Sci. Data 9, 354 (2022).

Ambrose, S. H. & DeNiro, M. J. The isotopic ecology of East African mammals. Oecologia 69, 395-406 (1986).

Hedges, R. E. M., Stevens, R. E. & Richards, M. P. Bone as a stable isotope archive for local climatic information. Quat. Sci. Rev. 23,
959-965 (2004).

Fernandez-Jalvo, Y. et al. Early bone diagenesis in temperate environments: Part I: Surface features and histology. Palaeogeogr.
Palaeoclimatol. Palaeoecol. 288, 62-81 (2010).

Deniro, M. J., Schoeninger, M. J. & Hastorf, C. A. Effect of heating on the stable carbon and nitrogen isotope ratios of bone collagen.
J. Archaeol. Sci. 12, 1-7 (1985).

Behrensmeyer, A. K. Taphonomic and ecologic information from bone weathering. Paleobiology 4, 150-162 (1978).

Kohn, M. ], Schoeninger, M. J. & Barker, W. W. Altered states: effects of diagenesis on fossil tooth chemistry. Geochim. Cosmochim.
Acta 63, 2737-2747 (1999).

DeNiro, M. J. & Hastorf, C. A. Alteration of NN and '*C'C ratios of plant matter during the initial stages of diagenesis: Studies
utilizing archaeological specimens from Peru. Geochim. Cosmochim. Acta 49, 97-115 (1985).

Fogel, M. L. & Tuross, N. Transformation of plant biochemicals to geological macromolecules during early diagenesis. Oecologia
120, 336-346 (1999).

DeNiro, M. J. Postmortem preservation and alteration of in vivo bone collagen isotope ratios in relation to palaeodietary
reconstruction. Nature 317, 806-809 (1985).

SCIENTIFIC DATA|

(2023) 10:917 | https://doi.org/10.1038/s41597-023-02783-y 8


https://doi.org/10.1038/s41597-023-02783-y

www.nature.com/scientificdata/

40. Nielsen-Marsh, C. M. et al. Bone diagenesis in the European Holocene II: taphonomic and environmental considerations.
J. Archaeol. Sci. 34, 1523-1531 (2007).

41. Grupe, G. & Piepenbrink, H. Processing of prehistoric bones for isotopic analysis and the meaning of collagen C/N ratios in the
assessment of diagenetic effects. Hum. Evol. 2, 511-515 (1987).

42. Balasse, M., Bocherens, H. & Mariotti, A. Intra-bone variability of collagen and apatite isotopic composition used as evidence of a
change of diet. J. Archaeol. Sci. 26, 593-598 (1999).

43. Passey, B. H. & Cerling, T. E. Tooth enamel mineralization in ungulates: implications for recovering a primary isotopic time-series.
Geochim. Cosmochim. Acta 66, 3225-3234 (2002).

44. Abou Neel, E. A. et al. Demineralization-remineralization dynamics in teeth and bone. Int. J. Nanomedicine 11, 4743-4763 (2016).

45. van Klinken, G. ]. Bone collagen quality indicators for palaeodietary and radiocarbon measurements. J. Archaeol. Sci. 26, 687-695
(1999).

46. Ambrose, S. H. Preparation and characterization of bone and tooth collagen for isotopic analysis. J. Archaeol. Sci. 17, 431-451
(1990).

47. Nehlich, O. & Richards, M. P. Establishing collagen quality criteria for sulphur isotope analysis of archaeological bone collagen.
Archaeol. Anthropol. Sci. 1, 59-75 (2009).

48. Bocherens, H., Drucker, D. G. & Taubald, H. Preservation of bone collagen sulphur isotopic compositions in an early Holocene
river-bank archaeological site. Palaeogeogr. Palaeoclimatol. Palaeoecol. 310, 32-38 (2011).

49. Metcalfe, J. Z. & Mead, J. I. Do uncharred plants preserve original carbon and nitrogen isotope compositions? J. Archaeol. Method
Theory 26, 844-872 (2019).

50. Szpak, P. & Chiou, K. L. A comparison of nitrogen isotope compositions of charred and desiccated botanical remains from northern
Peru. Veg. Hist. Archaeobot. 29, 527-538 (2020).

51. Horden, P. & Purcell, N. The Corrupting Sea: a Study of Mediterranean History (Wiley-Blackwell, 2000).

52. Farese, M., Soncin, S., Robb, J., Fernandes, R. & Tafuri, M. A. Mediterranean Archive of Isotopic dAta (MAIA). Pandora https://doi.
org/10.48493/55v1-xg54 (2023).

53. Buikstra, J. E. & Ubelaker, D. H. Standards for Data Collection from Human Skeletal Remains: Proceedings of a Seminar at the Field
Museum of Natural History (Arkansas Archeological Survey, 1994).

54. Chenery, C. A., Pashley, V., Lamb, A. L., Sloane, H. J. & Evans, J. A. The oxygen isotope relationship between the phosphate and
structural carbonate fractions of human bioapatite. Rapid Commun. Mass Spectrom. 26, 309-319 (2012).

55. Pollard, A. M., Batt, C. M., Stern, B., Young, S. M. & Young, S. Analytical Chemistry in Archaeology (Cambridge University Press,
2007).

56. Pollard, A. M., Pellegrini, M. & Lee-Thorp, J. A. Technical note: Some observations on the conversion of dental enamel 5180p values
to 8180w to determine human mobility. Am. J. Phys. Anthropol. 145, 499-504 (2011).

57. Budd, P,, Montgomery, J., Barreiro, B. & Thomas, R. G. Differential diagenesis of strontium in archaeological human dental tissues.
Appl. Geochem. 15, 687-694 (2000).

58. Balasse, M., Ambrose, S. H., Smith, A. B. & Price, T. D. The seasonal mobility model for prehistoric herders in the south-western
Cape of South Africa assessed by isotopic analysis of sheep tooth enamel. J. Archaeol. Sci. 29, 917-932 (2002).

59. Hoppe, K. A, Koch, P. L. & Furutani, T. T. Assessing the preservation of biogenic strontium in fossil bones and tooth enamel. Int. J.
Osteoarchaeol. 13,20-28 (2003).

60. Montgomery, J. & Evans, J. A. & Neighbour, T. Sr isotope evidence for population movement within the Hebridean Norse
community of NW Scotland. J. Geol. Soc. 160, 649-653 (2003 ).

61. Trickett, M. A., Budd, P., Montgomery, . & Evans, J. An assessment of solubility profiling as a decontamination procedure for the
87Sr/86Sr analysis of archaeological human skeletal tissue. Appl. Geochem. 18, 653-658 (2003).

62. Nelson, B. K., Deniro, M. J., Schoeninger, M. J., De Paolo, D. J. & Hare, P. E. Effects of diagenesis on strontium, carbon, nitrogen and
oxygen concentration and isotopic composition of bone. Geochim. Cosmochim. Acta 50, 1941-1949 (1986).

63. Price, T. D. Multi-element studies of diagenesis in prehistoric bone. in The Chemistry of Prehistoric Human Bone (ed. Price, T. D.)
126-154 (Cambridge University Press, 1989).

64. Tuross, N., Behrensmeyer, A. K. & Eanes, E. D. Strontium increases and crystallinity changes in taphonomic and archaeological
bone. J. Archaeol. Sci. 16, 661-672 (1989).

65. Nielsen-Marsh, C. M. & Hedges, R. E. M. Patterns of diagenesis in bone I: the effects of site environments. J. Archaeol. Sci. 27,
1139-1150 (2000).

66. Hedges, R. E. M. Bone diagenesis: an overview of processes. Archaeometry 44, 319-328 (2002).

67. Bintliff, ]. The Complete Archaeology of Greece: From Hunter-Gatherers to the 20th Century A.D. (John Wiley & Sons, 2012).

68. Drake, B. L. The influence of climatic change on the Late Bronze Age collapse and the Greek Dark Ages. J. Archaeol. Sci. 39,
1862-1870 (2012).

69. Martin-Puertas, C. et al. Arid and humid phases in southern Spain during the last 4000 years: the Zonar Lake record, Cérdoba. The
Holocene 18, 907-921 (2008).

70. Brisset, E., Revelles, J., Expésito, 1., Bernabeu Auban, J. & Burjachs, F. Socio-ecological contingencies with climate changes over the
prehistory in the Mediterranean Iberia. Quaternary 3, 19 (2020).

Acknowledgements

We thank the researchers who performed and published isotope analyses on Mediterranean Prehistory for their
indirect contribution to creating the MAIA dataset. We would also like to thank Jess E. Thompson for reviewing
the English version of the manuscript and for her valuable comments. We thank the MAReA team for the valuable
discussion. This research has received funding from the Italian Ministry of University and Research (MUR)
under the Programma Operativo Nazionale Ricerca e Innovazione (PON R&I) 2014-2020 (FSE REACT-EU)
programme (Grant agreement No. DOT1326]JZS to M.E) and the European Research Council (ERC) under the
European Union’s Horizon 2020 Research and Innovation Programme (Grant agreement No. 885137 to J.R.).

Author contributions

Martina Farese collected the data, performed the analysis and wrote the manuscript. Silvia Soncin co-designed
the metadata structure and co-wrote the manuscript. Ricardo Fernandes designed the metadata structure and
co-wrote the manuscript. John Robb co-wrote the manuscript. Mary Anne Tafuri supervised data collection and
co-wrote the manuscript.

Competing interests
The authors declare no competing interests.

SCIENTIFIC DATA| (2023) 10:917 | https://doi.org/10.1038/s41597-023-02783-y 9


https://doi.org/10.1038/s41597-023-02783-y
https://doi.org/10.48493/55v1-xg54
https://doi.org/10.48493/55v1-xg54

www.nature.com/scientificdata/

Additional information
Correspondence and requests for materials should be addressed to M.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

M | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

SCIENTIFIC DATA | (2023) 10:917 | https://doi.org/10.1038/s41597-023-02783-y 10


https://doi.org/10.1038/s41597-023-02783-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The Mediterranean archive of isotopic data, a dataset to explore lifeways from the Neolithic to the Iron Age

	Background & Summary

	Data gaps. 
	Preservation issues. 

	Methods

	Data Records

	Technical Validation

	Usage Notes

	Acknowledgements

	Fig. 1 Number of publications on Mediterranean prehistoric sites included in the dataset divided by year.
	Fig. 2 Human δ13C and δ15N preservation.
	Fig. 3 Animal δ13C and δ15N preservation.
	Fig. 4 Distribution of preserved and non-preserved collagen for human and animal samples.




