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An isotopic overview of dietary
habits and subsistence practices
In the Aegean World

Benjamin Irvine!?*

!British Institute at Ankara (BIAA), Ankara, Turkiye, 2Department of Archaeology, Faculty of Humanities
and Letters, Bilkent University, Ankara, Turkiye

This study provides a broad overview of human dietary habits and subsistence
practices across time in the Aegean World (defined in the East by the coastal
littoral of western Anatolia, Crete to the South, and eastern mainland Greece
in the West). This was done principally through the collation and examination
of previously published stable carbon and nitrogen isotope ratios (613C and
815N values) from human bulk bone collagen. The sites/populations examined
in this study date from the Neolithic to the Late Byzantine periods; ca. 6000
BC to the early 16th century AD. Broadly speaking, the stable isotope values
demonstrate general consistency diachronically, although a slight and gradual
increase in §13C values over time is observed. The §1°N values are also broadly
similar diachronically, with the exception of the Classical (and to a lesser extent
Hellenistic and Byzantine) periods which have noticeably higher 815N values than
the preceding and following periods. Interestingly, and perhaps unexpectedly,
there are no clearly observable differences between the sub-regions of the
Aegean World (i.e., East Aegean, Crete, West Aegean). The observed findings
would, therefore, suggest broadly similar dietary habits and subsistence practices
in the Aegean World from the Neolithic period onwards, perhaps pointing toward
dietary habits and subsistence practices being a further facet of connectivity in
the region.
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1 Introduction

Stable isotope analysis in bioarchaeology has become an increasingly utilized tool
with which to enable the exploration of dietary variability within regional and temporal
frameworks. §1*C and §'°N values are the two most commonly employed, and published,
stable isotope ratios for investigating dietary habits. The use of stable carbon and nitrogen
isotope meta-analysis to examine large-scale regional and pan-regional diachronic
changes has, in recent times, become an accepted and effective method with which to
examine palacodietary and subsistence patterns, and changes, on these scales. Stable
carbon isotope analysis can be particularly useful for investigating the importance of
marine versus terrestrial protein inputs in human diets and the importance of Cy4
plants/crops (e.g., millet), whilst stable nitrogen isotope analysis provides information
about the consumption of marine foods (which tend to have much higher §!°N values
than terrestrial foods) as well as the importance of plant vs. animal consumption in
human diets (Papathanasiou and Richards, 2015). By combining §'3C and §'°N values
with more traditional analyses of dietary practices derived from the same context
as the samples (e.g., archaeobotanical and zooarchaeological data), it is possible to
evaluate dietary habits, subsistence practices, and agricultural practices interregionally,
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diachronically, and comparatively. In the past two decades
palaeodiet reconstruction and examination incorporating
stable isotope analysis at a diverse range (geographically
and chronologically) of sites in the eastern Mediterranean
has demonstrated its importance and validity as a method
of investigation.

Whilst there are several studies examining dietary habits at
singular sites or in micro-regions (see Table 1) and some studies
have examined dietary habits on a larger regional basis around the
Aegean and its geographical sub-regions (e.g., see Bourbou and
Garvie-Lok, 2015 and Bourbou et al., 2011 for Byzantine period
Greece and Crete; [rvine, 2022 for the greater Near East; [rvine
et al., 2019 for Bronze Age Anatolia; Papathanasiou and Richards,
2015 for Greece across time), there have been no studies examining
dietary habits diachronically in the Aegean World as a distinct
whole. There also have not been any previous studies that have
combined the stable isotope values from each corner of the Aegean
World in an attempt to compare dietary habits and subsistence
practices from the different sub-regions of the Aegean World (i.e.,
East, West, and Crete). Therefore, it would be an important effort
to compare these different regions of the Aegean World. Thus, this
study aims to examine human dietary habits and related subsistence
practices and agricultural strategies diachronically in the Aegean
World, through an examination of previously published §*C
and §'°N values from human bulk bone collagen. In particular,
investigating any possible patterns chronologically, as well as
interregionally for the macro-region of the Aegean World. Dietary
habits and subsistence practices, and variations in them, can also
provide information about potential residential mobility and the
movement of people (for example, people moving from regions
or settlements with different isotopically visible dietary habits
and/or subsistence practices toward the end of their life) and food
resources. They can also provide information about connectivity on
a larger scale, in terms of shared/similar dietary habits, subsistence
practices, and agricultural strategies across macro-regions as well
as vice-versa (i.e., heterogeneity as a result of differences in these
aspects of food acquisition, preparation, and consumption). At EBA
II period Bademagaci in south west Central Anatolia, for example, a
female adult individual was observed to have slightly different §'*C
and 8'°N values than the rest of the sampled population. It was
considered that this could be the result of different dietary habits,
either due to intra-population differences, or potentially coming
from a different location. Her non-locality in origin was confirmed
by 634S analysis, with her §3S values being different to the other
individuals in the sample population, and significantly outside of
the assumed local range (Irvine et al., 2019). Something similar was
found at Roman period Ephesus (coastal western Anatolia), with
non-local origin being confirmed in a couple of individuals by §34S
values following an observation of differences in their §'*C and
8'°N values, relative to the rest of the sampled population (Lésch
et al., 2014). At Bronze Age Kaymakgi, inland western Anatolia,
more positive §1C values in some cattle has been suggested to
indicate that these animals were managed in a different way, likely
coming from further away from the site, and not originally local
to the site (Irvine et al,, 2025). Further afield, in eastern Syria
at Bronze Age Tell Ashara-Terqa, isotopic values (§'°N values in
conjunction with 8 Sr/36Sr values) have suggested that rather than
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individuals being non-local, the food they consumed was imported
from elsewhere (Soltysiak, 2019). These few examples, hopefully,
help to demonstrate how examining dietary habits in individuals
can also, in some instances, provide information about residential
mobility and the movement of people and food resources.

An important first step is to outline what is meant by
the Aegean World, and define its geographical limits—thereby
determining where the examined sites come from (see Figure 1).
In this study, the Aegean World is defined as including the coastal
littoral of western Anatolia, southern Thrace, Crete, the Aegean and
Cycladic Islands, and broadly speaking eastern mainland Greece
(i.e., Aegean facing)—demarcated as Euboea, Attica, Boeotia,
coastal Thessaly, nothing West of Corinth, and everything South
and East of Sparta in the Peloponnese. Mycenae may be an
exception to this rule, but as it is “culturally” speaking Aegean
facing/focused it was included. It has been well established that
the Aegean World has been a connected region for millennia—
both physically (trade and exchange networks, migrations, etc.)
and metaphysically (ideas, technology, cultural and social aspects,
etc.). We have evidence for the movement of people (Nafplioti,
2008; Nafplioti et al., 2021; Richards et al., 2022; Skourtanioti
et al., 2023), writing (the presence of Linear B script at Late
Minoan III Knossos and Armenoi on Crete—Palaima, 2010; cf.
Richards et al., 2022), material culture (Rahmstorf, 2015; Sahoglu,
2004, 2019; Unlii, 2016; Unliisoy, 2016), and the transference
of technological knowledge—including subsistence practices/agro-
pastoral strategies (Kraufd et al., 2018; Rahmstorf, 2015; Sahoglu,
2019) as well as the circulation of raw resources such as Melian
obsidian, for example, from as early on as the Mesolithic and
Neolithic periods, as well as metals and textiles in later periods
(Coleman et al., 2017; Mili¢, 2014; Rahmstorf, 2015; Sahoglu,
2019; Unliisoy, 2016). There is also later prehistoric and historic
period cultural connectivity and the presence and control in the
region of city states/proto-empires/kingdoms as well as the cultural
and imperial hegemony of the Roman and Byzantine Empires
(Parkinson and Galaty, 2007). Connectivity is also witnessed
through the distribution of architectural features (Sahoglu, 2004)
and socio-cultural phenomena such as burial habits and mortuary
practices (Massa and Sahoglu, 2011; Sahoglu, 2024). Dietary
connectivity has previously been proposed for certain periods of
the Greek world of the region (Greek mainland, islands, and Crete),
with researchers using the phrases “Neolithic diet” and “Byzantine
diet” to refer to the exploitation of similar foodstuffs, and broadly
tightly clustered human stable carbon and nitrogen ratio values
(Papathanasiou and Richards, 2015).

Whilst archaeobotanical and zooarchaeological evidence are
vital components to consider when examining dietary habits
and subsistence practices, they provide only pieces of the story
regarding land use and subsistence (Halstead and Isaakidou, 20205
Papathanasiou, 2015). Archaeological plant and animal remains
are considered in this study but only in a basic overview manner,
to provide some dietary context (of potentially exploited food
resources) for the human isotope values, which this study focuses
on. There is an array of archaeobotanical and zooarchaeological
reports and publications for sites of the region, as well as some
regional summaries. For example, for an excellent summary
of farming, land-use, and subsistence in Neolithic Greece, see
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TABLE 1 Summary overview, in chronological order, of sites with human stable isotope data (§13C and §'°N values) from the Aegean World.

Site name

No. on map

Location

Sub-

region

Time periods with §13C and
81°N values

References

Halai 28 South-east Greece W-Aeg EN-LN (ca. 6000-5300 BC) Vaiglova et al., 2021
Ugurlu 1 Gokgeada Island, E-Aeg Ch (5500-4900 cal. BC) Pilaar Birch et al., 2021
North-east Aegean
Makriyalos 31 North Greece W-Aeg LN (5500-4500 cal. BC) Vaiglova et al., 2018
Alepotrypa Cave 10 South Greece W-Aeg LN (ca. 5000-3200 BC) Papathanasiou et al.,
2000
Tharrounia 24 Euboea, South-east W-Aeg LN (5300-3200 BC) Kontopoulos and
Greece Sampson, 2015
Manika 23 Euboea, South-east W-Aeg EBA/EH (ca. 2900-2300 BC) Kontopoulos and
Greece Sampson, 2015
Bakla Tepe 3 South-west Tiirkiye E-Aeg EBA T and II/IIT (ca. 3000-2800 and Irvine et al., 2019; Irvine
2500-2300 BC), Late Roman/Early and Erdal, 2020
Byzantine values from Bakla Tepe are
unpublished
Thebes 22 South/South-east W-Aeg EH to MH (ca. 3000-2000 BC), Classical Dotsika et al., 2018; Vika,
Greece (ca. 510-323 BC), Hellenistic (ca. 2011, 2015
323-31 BC), Mid. Byzantine (13th-14th
centuries AD)
Archontiko 32 North Central-East W-Aeg EBA III (ca. 2130-2087 BC) Nitsch et al., 2017
Greece
Aspis 15 South Greece W-Aeg MH (ca. 2100-1700 BC) Triantaphyllou et al.,
2006, 2008
Lerna 13 South Greece W-Aeg MH (ca. 2100-1700 BC) Triantaphyllou et al.,
2006, 2008
Mycenae* 16 South Greece W-Aeg MH (ca. 2100-1700 BC) Triantaphyllou et al.,
2006, 2008
Kouphovouno* 11 South Greece W-Aeg MH (ca. 2100-1700 BC) Lagia et al., 2007
Asine 14 South Greece W-Aeg MH (ca. 2100-1700 BC) Ingvarsson-Sundstrom
etal., 2009
Knossos (Ailias chamber 7 North Crete Crete MM Ib-LM I (ca. 1900-1500 BC) Nafplioti, 2016
tombs and Lower Gypsades
tomb and ossuary)
Thessaloniki Toumba 33 North Central-East W-Aeg LBA (ca. 1700-1050 BC) Nitsch et al., 2017
Greece
Almyri 18 South Greece W-Aeg LBA (ca. 1600-1100 BC) Petroutsa and Manolis,
2010
Kalapodi 25 Central Greece W-Aeg LH (IIB-IIIA1—ca.1480-1370 BC) Petroutsa and Manolis,
2010
Socha 12 South Greece W-Aeg LH (IITA2-111B2—ca. 1390-1190 BC) Tritsaroli et al., 2023
Zeli 26 Central Greece W-Aeg LH (IITA2-early IIIG—ca. 1390-1100 Petroutsa and Manolis,
BC) 2010
Halos (Kephalosi and 30 East Central Greece W-Aeg EIA [Sub-Mycenaean and Panagiotopoulou et al.,
Voulokaliva cemeteries) Protogeometric periods] (1100-900 BC) 2016
Ayios Dimitrios 29 East Central Greece W-Aeg EIA [Sub-Protogeometric III to Late Panagiotopoulou and
Geometric] (850-740 BC) Papathanasiou, 2015
Kerameikos, Athens 20 South/South-east W-Aeg LArch period (ca. 500 BC), Classical Lagia, 2015
Greece period (475-336 BC), Hellenistic period
(ca. 320-100 BC), Imperial Roman
period (1st—3rd century AD)
Plateia Kotzia, Athens 21 South/South-east W-Aeg LArch period (ca. 500 BC), Classical Lagia, 2015
Greece period (475-336 BC), Hellenistic period
(ca. 320-100 BC), Imperial Roman
period (1st—3rd century AD)
(Continued)
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TABLE 1 (Continued)

Site name Location

Sub-

region

10.3389/fearc.2025.1525822

Time periods with §13C and = References

815N values

Laurion, Athens 19 South/South-east W-Aeg Classical period (475-336 BC) Lagia, 2015
Greece
Knossos 7 North Crete Crete Hellenistic (ca. 323-27 BC), Roman Moles et al., 2022
period (ca. 27 BC—300 AD), Late
Antique (300-700 AD)
Nea Kerdylia-Strovolos 34 North-east Greece W-Aeg Roman (late 1st-early 5th centuries AD) Vergidou et al., 2023
Ephesus 4 West Tiirkiye E-Aeg Roman (2nd and 3rd centuries AD) Losch et al., 2014
Eleutherna* 8 Central Crete Crete Mid. Byzantine (6th—7th centuries AD) Bourbou et al., 2011
Abdera 35 North-east Greece W-Aeg Mid. Byzantine (6th—13th centuries Bourbou and
AD) Garvie-Lok, 2015
Kastella 6 North Central Crete Crete Mid. Byzantine (11th century AD) Bourbou and Richards,
2007; Bourbou and
Garvie-Lok, 2015
Stylos* 9 North-west Crete Crete Mid. Byzantine (11th—12th centuries Bourbou et al., 2011
AD)
Petras 5 North-east Crete Crete Mid. Byzantine (12th—13th centuries Bourbou and Richards,
AD) 2007; Bourbou and
Garvie-Lok, 2015
Nemea 17 South Greece W-Aeg Mid.-Late Byzantine (12th—15th Bourbou and Richards,
centuries AD) 2007; Bourbou and
Garvie-Lok, 2015
Hagios Sozon (in 27 Central Greece W-Aeg Mid./Late Byzantine—Ottoman Tritsaroli et al., 2022
Orchomenos) (12th—16th centuries AD)
Mitilini* 2 Lesbos E-Aeg Late Byzantine (14th—15th centuries Bourbou and Richards,
AD) 2007; Bourbou and
Garvie-Lok, 2015

N.B. Sites that only have population means reported are marked with an *. Time periods refer to local regional chronologies used by the researchers, where possible absolute dates have been
included. EN, Early Neolithic; LN, Late Neolithic; Ch, Chalcolithic; EBA, Early Bronze Age; EH, Early Helladic; MH, Middle Helladic; MM, Middle Minoan; LH, Late Helladic; LBA, Late Bronze
Age; LM, Late Minoan; EIA, Early Iron Age; LArch, Late Archaic. E-Aeg, East Aegean; W-Aeg, West Aegean.

Halstead and Isaakidou (2020). Papathanasiou (2015) provides a
great summary for Neolithic and Bronze Age Greece. Bourbou
and Garvie-Lok (2015) also provide a wonderful summary
and overview of possible food resources consumed during the
Byzantine periods. From the more traditional sources of dietary and
subsistence data (i.e., archaeobotanical and zooarchaeological and
also documentary and textual sources for the historical periods),
it can be said, very generally, that from the Neolithic period
onwards the dietary habits of the region appear to have been
primarily based on Cj; terrestrial resources, cereals and legumes
and domesticated animals, particularly sheep/goat (cf. Vika, 2011).
It is also understood that not examining stable isotope data from
plants and animals in any real depth to provide contextual dietary
and subsistence and environmental information is a limitation of
this study. However, this kind of data doesn’t currently exist on
a large-scale (geographical or chronologically) for the region as
a whole, or large parts of the sub-regions; something highlighted
as a limitation for interpreting human dietary habits in Greece
by Papathanasiou and Richards (2015), for example. Although,
see Bourbou and Garvie-Lok (2015) for a summary of possible
813C and 8N values for Byzantine Greece and Vaiglova et al.
(2021) for Neolithic Greece. Furthermore, this paper is intended
only to provide a general and broad overview of the larger picture
of dietary habits and subsistence practices over time in Aegean
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World. Additionally, human osteoarchaeological analyses are also
important components of understanding past human dietary habits
and subsistence practices, but not all osteoarchaeological studies in
the region have focused on reconstructing dietary habits and there
is not space and time to include these within the scope of this paper,
and therefore, they are also not included.

2 Materials and methods

Sites and populations with published human §'3C and §'°N
values from the Aegean World, as defined previously in the
introduction, were collated and analyzed to examine dietary habits
and related subsistence practices across time in past Aegean
populations. Namely, sites in the western Anatolian coastal littoral
(East Aegean), Crete, and the eastern and southern regions of
Greece (West Aegean) (see Figure 1). In terms of chronological
periods, the §'>C and §!°N values come from populations with a
range of dates from the Neolithic to the Late Byzantine periods;
ca. 6000 BC to the early 16th century AD (see Table I for an
overview of the sites and populations examined in this paper).
To ensure inter-population comparability only isotopic values
obtained from bulk bone collagen of adult individuals was collated
and examined. Only isotopic values from adults were examined to

frontiersin.org
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FIGURE 1
Map of sites with §3C and §*°N values from bulk bone collagen of adult humans examined in this paper. 1: Ugurlu; 2: Mitilini; 3: Bakla Tepe; 4:
Ephesus: 5: Petras; 6: Kastella; 7: Knossos; 8: Eleutherna; 9: Stylos; 10: Alepotrypa Cave; 11: Kouphovouno; 12: Socha; 13: Lerna; 14: Asine; 15: Aspis;
16: Mycenae; 17: Nemea; 18: Almyri; 19: Laurion; 20: Kerameikos; 21: Plateia Kotzia; 22: Thebes; 23: Manika; 24: Tharrounia; 25: Kalapodi; 26: Zeli;
27: Hagios Sozon; 28; Halai; 29: Ayios Dimitrios; 30: Halos; 31: Makriyalos; 32: Archontiko; 33: Thessaloniki Toumba; 34: Nea Kerdylia-Strovolos; 35:
Abdera. The polygons approximately demarcate the different sub-regions defined in this paper: red = East Aegean; blue = Crete; green =
West Aegean.

avoid potential issues and biases in the data due to the isotopic
effects of breastfeeding, the weaning process, and possible sub-adult
diet (which may be different to that of the adults). Furthermore,
only §'3C and §'°N values which are within the accepted ranges
for collagen quality control (C:N atomic ratio of 2.9-3.6, %C of
10-47%, and %N of 5-17%) were collated for this study to ensure
a control of the quality of the examined data (Ambrose, 1990;
DeNiro, 1985; van Klinken, 1999).

The isotopic values from the collated and examined
populations were also grouped by chronological periods to enable
diachronic examination and visualization (Figures2, 3). These

Frontiers in Environmental Archaeology

chronological groupings are as follows: Neolithic-Chalcolithic (ca.
6000-3200 BC); Early Bronze Age/Early Helladic (ca. 3000-2000
BC); Middle Bronze Age/Middle Helladic/Middle Minoan (ca.
2000-1700 BC); Late Bronze Age/Late Helladic (ca. 1700-1050
BC); Early Iron Age (ca. 1100-700 BC); Late Archaic-Classical (ca.
500-323 BC); Hellenistic (ca. 323-27 BC); Roman (ca. 27 BC-AD
400); Byzantine/medieval (ca. AD 300-1600). Subsequently these
chronological groups were then defined regionally between the East
Aegean, Crete, and West Aegean. The mean values (and standard
deviations), ranges in values, and minimum and maximum values
were then calculated for these chronological groups for §'3C
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and 8N, and box and whisker plots were also generated for the
chronological groups—for the Aegean World as a whole and by
sub-region. The box and whisker plots were created in Excel, and
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show the median, the mean (the “X”), the upper and lower quartiles
(the upper and lower lines of the box which equal the 75th and
25th percentiles, respectively). The whiskers show the 5th and 95th
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Box and whisker plots for §'*C (A) and §*°N (B) values of all sites examined in this study.

FIGURE 4
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FIGURE 5
Box and whisker plots for §3C (A) and §'°N (B) values by chronological group for the entire Aegean World (i.e., from sites and populations examined
in this study).

percentiles; outliers are defined as values below the 5th or above
the 95th percentiles. However, this was done with some caveats.
For example, there are some sites where only the mean values were
reported and published (those marked with an * in Table 1), and
these were not included when calculating chronological group
means or visualized in the plots. However, they will be discussed
in relation to the examined data for the relevant chronological
periods. Additionally, for examining East Aegean vs. Crete vs. West
Aegean, even though some chronological periods for each sub-
region are only represented by a single site/population, this was
done to allow for regional comparison — with the caveat that this
is understood as a potential limitation. Additionally, Early Bronze
Age IIT Archontiko, Late Archaic and Classical Kerameikos, Late
Archaic Plateia Kotzia, and Byzantine Abdera were not included
in the 6!3C and §'°N values box and whisker plots for all sites
(Figure 4) as there is only one or two values/individuals, but
these were integrated into the data examination and analysis and
visualization by chronological and regional groups (Figures 5, 6).
There are also §!°C and §'°N values from several Late Neolithic to
Late Bronze Age (Late Minoan III) populations on Crete (Richards
et al., 2022). However, these were not included in the collated and
examined data of this study as in many cases there is no defined
chronology or demographic information for distinct individuals
due to the comingled nature of the burial contexts where the
sampled human skeletal remains came from. However, these values
will be incorporated in the discussion.

3 Results

About 700 $¥C and SN values
(corresponding to roughly the same number of individuals),

were examined
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with the highest number belonging to the Roman (N = 144)
and Late Bronze Age/Late Helladic (N = 137) periods, and
the lowest numbers to the Early Iron Age (EIA) (N = 33),
Neolithic-Chalcolithic (N = 44), and Late Archaic-Classical
(N = 46) periods. Most of the isotopic values also come
from West Aegean sites and populations (72.2%), which
needs to be considered when evaluating the data, especially
when considering potential patterns and differences between
sub-regions (see below). The number of §'3C and §°N
values/individuals as well as the mean values and standard
deviations, ranges of values, and minimum and maximum
values for §°C and §!°N by chronological grouping are
given in Table 2. The individual §'*C and §'°N values by
chronological grouping are visualized in Figure 2 and the means
and standard deviations for the chronological groups are visualized
in Figure 3.

From the data and their visualizations in Figures 2, 3 we can
observe that there is a general increase in the mean §'3C values over
time from —20.0 = 0.4%o in the Neolithic-Chalcolithic to —18.7 &
0.8%o in the Byzantine/medieval period. A general increase in the
range of §'>C values over time is also observed, with the exception
of the Late Archaic-Classical and Roman periods (Table 2). For
8N values there is more variability and no clear observable
patterns over time, although we can perhaps say that after the EIA
815N values tend to be around or above 9%o (Table 2; Figures 3, 5).
Interestingly, in the Roman period, whilst it has one of the lowest
ranges for 813C values (2.2%o, from —19.8%o to —17.6%o — Table 2),
it has the greatest range in §1°N values (7.2%o, from 4.0%o to 11.2%o
— Table 2).

To enable a more nuanced examination of these initial
observations, box and whisker plots for 813C and §'°N values
were generated for all sites (Figure 4) and by the chronological
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FIGURE 6
Box and whisker plots for §3C (A) and §'°N (B) values by sub-region and chronological groupings

groupings (Figure 5)—although see description of exceptions in
Section 2. Figure 5 also demonstrates a general gradual increase in
813C values over time, although actually the majority of §13C values
are generally quite consistent over time and it is rather an increase
in diversity from the MBA onwards (i.e., an increase in the range
and presence of outlying values) in the values that increases over
time. This is particularly observable in Figure 4 when looking at the
data on a site-by-site basis. Whilst Figures 4, 5 for §!°N values also
demonstrate the aforementioned lack of clear observable patterns
and being more irregular, the overall and general picture (Figure 5)
for the §'°N values is, again, generally quite consistent over time,
with many values being within ca. 3%o of each other - i.e., one
trophic level. The exceptions being the Classical, and, also, to a
lesser extent Hellenistic and Byzantine, periods which, as a group,
demonstrate a marked overall increase in §'°N values relative to
other chronological periods.
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Box and whisker plots were also generated for §'*C and §'°N
values for the chronological groups, but further organized by sub-
region: East Aegean, Crete, and West Aegean (Figure 6). To enable
easier visualization and comparative examination these charts are
organized from left to right by chronological period and then sub-
region. As highlighted earlier, it is understood that there are some
limitations here as some sub-regions do not have §'*C and §!°N
values for particular chronological periods, and some chronological
periods in sub-regions are only represented by single sites. As stated
above, another limitation is that the vast majority (72.2%) are from
the West Aegean which creates an obvious bias when attempting
to compare these sub-regions. However, ultimately, this is the data
that is available. It was, therefore, decided to examine the data in
this way (whilst understanding and accepting the aforementioned
limitations) to see if there any general observable patterns by region
and whether there are differences between the regions, or if any
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TABLE 2 Means, standard deviations (SD), ranges, and minimum and maximum §3C and §*°N values by chronological grouping.

813C (%o)

Chronological

815N (%o)

group . . L :
Mean and SD Range Minimum Maximum Meanand SD Range Minimum Maximum
Neolithic-Chalcolithic (ca. 44 —20+04 1.8 —20.8 ~19.0 79+ 1.0 4.8 5.5 10.3
6000-3200 BC)
EBA/EH (ca. 3000-2000 BC) | 85 —-19.7 £ 0.3 22 -21.0 -18.8 87+1.0 5.3 5.7 11.0
MBA/MH/MM (ca. 52 ~19.5+0.8 3.6 -21.0 ~17.4 84+09 36 6.7 10.3
20001700 BC)
LBA/LH (ca. 1700-1050 BC) | 137 —19340.7 36 —21.0 —17.4 8.6+08 4.2 6.2 10.4
EIA (ca. 1100-700 BC) 33 —19340.7 33 -203 -17.0 83+08 34 6.3 9.7
LArch-Classical (ca. 500-323 | 46 ~192405 2.8 203 -17.5 10.6 £ 1.0 5.7 8.8 14.5
BC)
Hellenistic (ca. 323-27 BC) 85 —19240.7 42 —20.1 ~15.9 9.4+09 4.0 7.3 113
Roman (ca. 27 BC—400 AD) 144 —192+04 2.2 —19.8 —17.6 8.8+09 7.2 4 11.2
Byzantine/medieval (ca. 82 —18.7+0.8 4.9 —20.5 —15.6 9.6+ 1.1 5.5 7.7 13.2
300-1600 AD)

observable patterns for the overall Aegean World can be elaborated
upon by sub-regional nuances and characteristics. Similar patterns
in §13C values, as observed for the overall macro-region are also
observed by sub-region, with a general consistency in (mean)
values over time (almost all being around ca. —19.0%o to —19.5%o,
with only a few not—the Neolithic to EBA populations, these
having mean values between —19.5%0 and —20.0%o), but with a
steady and gradual increase. Furthermore, overall, there appears
to be little difference between the regions within chronological
periods where comparisons are possible (i.e., at least two of the
sub-regions represented per chronological group). An exception
to this is obviously Crete in the Middle and Late Bronze Ages
where an increase in the ranges and diversity of §!*C values is
observed. Additionally, the greater presence of outliers with more
positive §!*C values in later periods would possibly imply more
diverse variations in these periods. As previously observed, there
is, relatively, more irregularity in (mean) §'°N values. But, as also
previously noted, with the exception of the Late Archaic-Classical
group with markedly greater §'°N values, and also possibly a
greater presence of §'°N value outliers in the Roman periods, there
is actually an overall and broad consistency in §'>N values for all
sub-regions over time.

4 Discussion

4.1 Overall and chronological patterns in
the Aegean World

The overall shift in mean §'C values to more positive values
in the later chronological periods, relative to earlier periods, is
something that has been observed for the East Mediterranean
and Near East as a whole (Irvine, 2022). The cause for this
shift in 813C values has been hypothesized to be related to the
deliberate introduction and exploitation of C4 plants in the arable
agricultural systems (particularly in post-Middle/Late Bronze Age
populations) (Irvine, 2022). Although, this shift in 813C values
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over time may also be related to climatic changes affecting
the isotopic values of food resources at the base of food webs
(i.e., plants) and a general overall pattern of decreasing water
availability in the macro-region from the Neolithic period onwards
(Araus et al., 2014; Trvine, 2022). Environmental factors, including
anthropogenically affected environments, may also be considered,
as more positive §!3C values at the base of the food web (i.e.,
in plants) may be indicative of a less forested and more open
environment (Vika, 2011; van Klinken et al., 2000). The same
causes are likely to, therefore, also be true for this observed
trend in the examined Aegean World populations. The general
increase in the range of §'C values and the presence of a greater
number of outliers with more positive §!°C values (Figure 5), most
noticeable from the later Bronze Age periods onwards, would
suggest, however, that this is perhaps more likely to be related to
changing subsistence practices and agricultural strategies. Perhaps
as a result of agriculture becoming more extensive (cf. Vaiglova
et al, 2020—wheat was less intensively cultivated in the Late
Bronze Age than in the Neolithic at Knossos, for example) and
an increase in the environmental range of consumed plant and
animal resources, as well as the deliberate introduction of Cy
crops into the arable repertoire (Vika, 2011)—i.e., there was an
increase in the diversity of exploited locales and practices of plant
(crop) cultivation and animal management and rearing. It has been
suggested, however, that even though there was a presence of Cy4
plants in the region in later periods, its importance was likely to
have been relatively minor—seen as an inferior food, mainly for the
poor or in times of desperation—acting more as a supplement to the
primary staples of C3 crops (Bourbou and Richards, 2007; Bourbou
and Garvie-Lok, 2015; Bourbou et al., 2011). Consequently, we
could consider the reasons for this increase in §!*C values over time
to be multi-factorial; including pan-regional/large-scale climatic
changes, environmental changes and anthropogenically affected
environments, the deliberate introduction and exploitation of
Cy crops, and also possibly (in certain later periods as will be
discussed further below) an increased input of marine resources in
dietary habits.
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Interestingly, there is a notable decrease in the range of
813C values in the Roman period, which may suggest a greater
standardization and homogeneity of subsistence practices and
agricultural strategies, perhaps due to the Imperial hegemony of
the region. In the Roman period, zooarchaeological evidence has
noted that there are, generally, more pigs in Anatolian assemblages
and less diverse husbandry strategies (Slim and Cakirlar, 2023).
Concerning animal husbandry practices, at least, this could provide
some evidence for less range in the §3C values—pigs tend not to be
herded or managed over large distances and diverse environments,
especially if the husbandry strategies were less diverse. However,
the Roman period exhibits the greatest range in §'°N values (also
observed for all sub-regions of the period, see Figure 6) which may
suggest that whilst there may have been a greater homogeneity
in subsistence practices and agricultural strategies, dietary habits
(particularly related to the relative inputs and consumption of
animal protein) were diverse and variable in this period. Whilst
there is also a decrease in the range of §'3C values in the Late
Archaic-Classical period, it is difficult to accurately assess this as
the isotopic values from this period come from sites around Athens
and also Thebes, and therefore may reflect more of a local micro-
regional pattern. The same may also be true when considering
the 8N values for this chronological period—see also further
discussion below about these sites.

The box and whisker plots for each site (Figure4) and by
chronological groupings (Figure 5), however, suggest that whilst
there is a gradual increase in 813C values over time, there is
actually a general and broad overall homogeneity. To clarify,
there is “noise” and variation around the means, but the mean
values at each site and in each time period remain relatively
consistent over time. Individual sites (Figure 4) do demonstrate
more variability, which would point to variability in isotopic
values, and thereby subsistence practices and agricultural strategies,
being more pronounced at local micro-regional levels. Generally,
a similar pattern is observed for § I5N values, with the Classical,
and to a lesser extent Hellenistic and Byzantine, sites and periods
providing an exception to this with relatively greater §!°N values—
the Classical populations have the greatest §'°N values of all the
examined sites and chronological periods (see Figures 4, 5, and
also Lagia, 2015). This would suggest that in these periods that
people had a greater input of animal protein in their diets. However,
the caveat to this is that the sites demonstrating this marked
increase in 8'°N values in the Classical and Hellenistic periods
are the sites around Athens and also Thebes, which may point
toward a more local, micro-regional pattern in dietary habits and
subsistence practices. Furthermore, at these sites not only do we see
an increase in §'°N values, but also a relatively greater range and
presence of outliers (at the site level—see Figure 4) of §13C values.
These two combined factors may suggest that in the Classical and
Hellenistic periods of this region that there may have been an
input of marine resources in the dietary habits of the populations.
Indeed, Lagia (2015), who analyzed the Athenian isotopic values
suggested that the people likely had a significant input of terrestrial
animal protein as well as a contribution of low trophic level fish
such as sardines, anchovies, sea-bream, and garum in their diets.
Furthermore, a positive correlation between § 13C and §'°N values,
further suggesting a contribution of marine resources, was also

Frontiersin Environmental Archaeology

11

10.3389/fearc.2025.1525822

observed (Lagia, 2015)—as in this study. The high §'°N values
at Classical Thebes, alternatively, have been suggested to be the
result of freshwater consumption, or possibly more intensive crop
cultivation and increased levels of manuring (Vika et al., 2009; Vika,
2011). An interesting aside is that the §'3C and §!°N values of
individuals sampled from Grave Circle A at Mycenae demonstrate
evidence of some marine resource consumption and a greater input
of animal protein in their dietary habits (Triantaphyllou et al,
2006, 2008). Although it should be noted that Grave Circle A is
likely an elite burial and, therefore, dietary habits of individuals
interred here may not be representative of the general population.
However, this last point may serve to remind us that as well
as local micro-regional patterns, intra- and inter-site/population
social, political, status, and cultural differences and effects may also
have played some role in dietary habits. A Boeotian local micro-
regional character is also emphasized by the fact that a relatively
similar pattern in the §'*C and §!°N values is also observed for
Byzantine Thebes (Figure 4). At Byzantine Thebes, though, there
is significant diversity in individual isotopic values which may be
skewing the mean values and ranges (Dotsika et al., 2018). But, it
has also been suggested for this population that there could be a
significant input of C4 crops/Cy-fed animals as well as the possible
consumption of small and low trophic level marine fish such as
sardines or anchovies (Dotsika et al., 2018). However, although we
may suggest a local micro-regional phenomenon, the fact that the
Bronze Age population from Thebes and the other relatively nearby
Bronze Age Boeotian populations of Kalapodi and Zeli do not show
this pattern (Figure 4) means that it could also be considered as
a temporal pattern for the micro-region; i.e., only in post-Bronze
Age periods.

The consumption of marine and freshwater resources in the
Aegean World has long been a point of contention in the literature
concerning dietary habits (for example, see reviews of this in
Garvie-Lok, 2001; Vika and Theodoropoulou, 2012; Vika et al.,
2009), and needs to be discussed here. Whilst many isotopic
studies into the dietary habits of populations of the Aegean World
(especially the Greek part—Crete and West Aegean) have suggested
that (marine or freshwater) fish were likely a minor dietary input,
there is a plethora of archaeological (e.g., fish hooks and net
weights, as well as fish bones) and also textual (from later, historical,
periods) evidence to suggest that the sea and its resources were
exploited from prehistoric to Classical times in the Aegean World
(cf. Garvie-Lok, 2001; Vika and Theodoropoulou, 2012). A study
by Vika and Theodoropoulou (2012) into the 813C and §'°N values
of marine and freshwater fish (from bulk bone collagen) of the
Aegean World found that there was an overlap in the values
between marine and freshwater species and, furthermore, that SN
values were not as enriched as expected. Garvie-Lok (2001) has
also suggested that it can be difficult to distinguish between Aegean
and Mediterranean low trophic level marine fish and domesticated
terrestrial animals by §'3C and §'°N values alone - especially when
considering modest dietary inputs of fish. These findings have been
used to suggest that the input of fish into human dietary habits in
the Aegean World should be reconsidered. This means that whilst
the majority of previous isotopic studies (for some key examples,
see Irvine and Erdal, 2020; Losch et al., 2014; Kontopoulos and
Sampson, 2015; Nitsch et al., 2017; Panagiotopoulou et al., 2016;
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Papathanasiou and Richards, 2015; Papathanasiou et al., 2000;
Petroutsa and Manolis, 2010; Pilaar Birch et al., 2021; Vaiglova
et al, 2021) into human dietary habits in the Aegean World have
suggested predominantly terrestrial based diets with variations in
813C values likely being a result of C4 plant input and variations
in 815N values being a result of varying inputs of terrestrial animal
protein, or agricultural strategies such as manuring, we may need
to consider that variations in these isotopic values may be the
result of fish consumption—even if relatively minor/modest and
subtle. Whilst marine or freshwater resource consumption does
not seem to have been of major importance or a primary staple
of human dietary habits (this study, and also the majority of
other isotopic investigations into dietary habits in the Aegean
World; for some key examples, see I[rvine and Erdal, 2020; Losch
et al., 2014; Kontopoulos and Sampson, 2015; Nitsch et al., 2017;
Panagiotopoulou et al., 2016; Papathanasiou and Richards, 2015;
Papathanasiou et al., 2000; Petroutsa and Manolis, 2010; Pilaar
Birch et al,, 20215 Vaiglova et al., 2021), further research into this is
needed. Specifically, the obtaining of isotopic values from fish bones
at an intra-site and local regional level, to more precisely clarify
specific (including regional, temporal, and ethnic/cultural) human
dietary habits, would be an important direction for future research.

Whilst we see a relative (to other Bronze Age Aegean
populations) increase in §'*C values, and their range, in some
Middle and Late Bronze Age (and to a certain extent Hellenistic)
Knossos populations, a corresponding increase and increased range
in §1°N values is not observed (Figure 4)—a similar pattern is also
observed at EIA Halos (Figure 4). This lack of correlation seems
to, on first examination, not clearly suggest an input of marine
resources. This relative, and overall, pattern is also very clearly
observable when examining the chronological groups by sub-
region (Figure 6)—although this is unsurprising as these periods
on Crete are mainly represented by these same sites. However, with
that being said, Nafplioti (2016) has stated that the 813C and 8§'°N
values indicate that a third of the overall sampled population from
Bronze Age Knossos likely had marine resource inputs in their
dietary habits. For the Ailias chamber tombs population at Knossos,
Nafplioti (2016) suggested that the more positive §'*C values (and
their mean carbon human-animal isotopic offset), as well as the
high 6'°N values, of a group of nine individuals (Group A, Figure
3 in Nafplioti, 2016) points to marine resource consumption — in
combination with terrestrial C3 plant and animal proteins. For the
sampled population from the Lower Gypsades tomb at Knossos,
Nafplioti (2016) has suggested that the majority of them, according
to their §'*C and §'°N values, had some dietary input from marine
resources. Furthermore, whilst a corresponding increase in §'°N
values is not immediately clear in Figure 4, an increase in §'°N
values, especially given the relative offset of the §'°N values to
those of the sampled terrestrial fauna, an increase in SN values is
observable at the site/population level. An isotopic study of dietary
habits in later periods at Knossos by Moles et al. (2022) suggested
that dietary habits in the Hellenistic period were likely terrestrial
mixed Cs-based, but in the Hellenistic, Roman and, Late Antique
periods there was a small to modest input of marine food resources
(or low trophic level marine foods) in the dietary habits of a few
individuals. This is something that may actually be observable in
this study, with these later periods having relatively (for Knossos)
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more positive §'3C values and greater §'°N values, as well as a
greater number of outliers above the 95 percentile (Figure 4).
Also, in the isotopic values from the actual study into these time
periods at Knossos by Moles et al. (2022), there are a few individuals
with §'3C values > —19%o and corresponding §'°N values >9.5%o,
which may indicate some marine consumption. These examples
provide an important reminder that whilst an overall and broad
pattern may be visible, there may be slight and more nuanced intra-
population differences that are not visible when examining dietary
habits at a large-scale, such as in this study, as well as highlighting
the importance of establishing robust isotopic baselines for local
regions and food webs.

At Byzantine/medieval Hagios Sozon, Orchomenos the human
8'°N values are relatively high, but a corresponding increase in
813C values is not observed, and therefore this would suggest a
greater input of animal protein into their dietary habits (perhaps
of omnivorous species such as pigs), a heavy reliance on dairy
foods, or perhaps more intensive agricultural practices with well-
manured crops (Figure 4). The §!°N values for animals from the
site are also relatively high, with some pigs, sheep, goat, and cattle
exhibiting values >9%o (Tritsaroli et al., 2022). Although, following
an examination of the trophic enrichment, Tritsaroli et al. (2022)
suggested that the humans had a low animal protein intake and that
the high §'°N values in the animals (and thereby humans) were a
result of an arid environment or agro-pastoral practices. This may
further point toward a local micro-regional characteristic for the
region; either climatic, environmental, or in terms of agricultural
practices and strategies.

Research has demonstrated that in the Neolithic periods of
Greece dietary habits were likely grain-centric with modest inputs
of animal protein, and exploited resources were dominated by
domesticated species with very little input from wild resources
(Halstead and Isaakidou, 2020; Papathanasiou, 2015). There is
a dominance of farming, and the general picture of farming
in Neolithic Greece is one of small-scale, with intensive crop
cultivation and small-scale intensive livestock husbandry with a
focus on mainly primary consumption (i.e., meat) and the animals’
diet consisting of plants from manured cultivation plots (Halstead
and Isaakidou, 2020). The human 8'3C and 8'°N values for the
West Aegean from the Neolithic period appear to possibly support
this, with a relatively narrow range in §'>C values, but a greater
range in §'°N values (Figure 6). This range may be due to a
combination of intensive and extensive cultivation practices, with
some crops being substantially manured, as has been observed
through §'°N values of charred grains from several Greek sites of
the Neolithic period (Halstead and Isaakidou, 2020; Vaiglova et al.,
2020, 2021). Free-threshing wheat, in particular, appears to have
been selectively more intensively cultivated at some sites than other
wheat species and barley in the Neolithic periods of Greece and
Crete (Vaiglova et al.,, 2020, 2021). Therefore, on a site-by-site basis,
the consumption of resources from a combination of small-scale
animal husbandry (i.e., animals not herded far from the settlement,
and indeed penned and foddered in some instances—cf. Vaiglova
et al., 2020) with a dominance of domesticated crops (Cs cereals
like wheat and barley and legumes like lentils) also cultivated close
to the settlement would hypothetically result in a narrow range of
8'3C values in human consumers (assuming similar crops grown
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in relatively similar areas/field locations under similar humidity
conditions). Variations in manuring practices would result in a
greater range of plant §'°N values, and therefore also in foddered
animals and ultimately human consumers of the crops and animals.
For example, at Neolithic Halai and Makriyalos the animals exhibit
a narrow range in 8§ '*C values but a wide range in their §'°N values,
possibly as a result of the wide range in §'°N values of the crops,
and, furthermore, the human §'°N values (and their range) suggest
that the bulk of their protein input came from plants rather than
animals (Vaiglova et al., 2021).

Post-Neolithic prehistoric (i.e., Bronze Age) dietary habits are
predominantly C; and terrestrial-based, as has also been noted
previously for sites in the region (Irvine, 2022; Irvine et al., 2019;
Papathanasiou, 2015; Richards et al., 2022; Vika, 2011, 2015).
Although, the later Bronze Age periods do exhibit a wider range
in §13C values than the Early Bronze Age (Figure 5) which may be
an indication of more extensive and diverse agro-pastoral practices
and the introduction of C4 crops such as millet. In the Bronze Age,
archaeobotanical assemblages in Greece are dominated by wheat
(emmer, einkorn, bread, and possibly spelt) and barley (two- and
six-row), possibly millet, and legumes of lentils, peas, bitter vetch,
grass pea, and fava beans (Papathanasiou, 2015). A similar picture
is also found in Anatolia during this period (cf. [rvine, 2022; Kavak
and Cakan, 2022). Zooarchaeological assemblages in the Aegean
region during this period are dominated by terrestrial domesticated
animals, especially sheep/goat, cattle, and pigs (cf. Irvine, 2022;
Papathanasiou, 2015).

With the exception of Thebes (discussed above), the mean §'C
values of the Byzantine period populations are relatively similar
(roughly around —19.0%0 —Figure 4). Something also observed
in the mean 8'3C values of Eleutherna (—18.9%0 + 0.6%o) and
Stylos (—18.8%o % 0.8%0) (Bourbou et al,, 2011). The mean §'°N
values of Eleutherna (8.2%o £ 1.4%o0) and Stylos (9.4%o = 1.7%o)
(Bourbouetal,, 2011) are also in a similar general range as the other
Byzantine sites of ca. 8.5 to 9.5%o (F'igure 4). However, Eleutherna
is slightly lower than the rest of the Byzantine populations, whilst
Thebes and Hagios Sozon in particular have distinctly higher §'°N
values (Figure 4). The ranges and clustering of mean §'3C and
8'°N values for the humans agree quite well with dietary habits
based on the approximated ranges for the §'3C and §'°N values
of domesticated terrestrial animals of ca. —21.5%o to —19.5%o
for §13C and ca. 3.5%o to 6.5%o for §°N for Byzantine period
Greece and Crete given in Bourbou and Garvie-Lok (2015). The
general tight clustering of the mean isotopic values of the Byzantine
populations, and its unexpectedness considering the diverse range
of available food resources has previously been noted (Bourbou
and Garvie-Lok, 2015; Bourbou et al,, 2011). Even to the extent
that is has been suggested that the broadly similar isotopic values
may indicate the existence of a general “Byzantine diet” of C;
crops (wheat and barley) and domesticated animals feeding on Cs
plants; in agreement with textual and documentary sources which
point toward a diet of grains, bread, oil, and wine supplemented
with other food resources (Bourbou and Garvie-Lok, 2015 and
references within; Bourbou et al, 2011; Dotsika et al., 2018).
Although Byzantine period Thebes stands out as an obvious outlier
from this, and to a certain extent Hagios Sozon due to its overall
high & I5N values, a similar observation can be made from this
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study of general similarity in dietary habits in the Byzantine period.
It should be stressed, however, that this similarity is an overall
similarity, but there are cases of intra-population variability. For
example, some individuals have lower 8'>N values, more positive
§13C values; implying greater direct/indirect C4 input into human
dietary habits (cf. Bourbou and Richards, 2007; Bourbou and
Garvie-Lok, 2015; Bourbou et al., 2011; Dotsika et al., 2018). There
are also other individuals, at an intra-site level, who have isotopic
values suggesting significant marine resources inputs/dependence
(cf. Bourbou and Richards, 2007; Bourbou and Garvie-Lok, 2015;
Bourbou et al,, 2011; Dotsika et al, 2018). Also, at medieval
Petras on Crete and Gatteliusi on Mitilini (both island populations)
Garvie-Lok (2001) found some evidence through correlation of the
human §'3C and §'°N values that terrestrial dietary habits were
supplemented with marine resources.

4.2 Sub-region patterns: East Aegean vs.
Crete vs. West Aegean

It was important to consider patterns in the isotopic values
by sub-region of the Aegean World—East Aegean, Crete, and
West Aegean (Figure 6), due to topographical and geographical
differences. For one, Crete is an island in a border zone between
the southern extent of the Aegean into the East Mediterranean, and
as such has different geographical and also human connectivity
aspects compared to the East and West Aegean. The topography
of the East Aegean region is mostly composed of broad and fertile
lowland valley plains, whilst in the West Aegean the southern part
is characterized by more rugged topography, and in its northern
part (north of Boeotia) there are large broad plains interspersed
with more rugged hilly areas. The topography of Crete, beyond
being a large(r) island located further from a mainland than the
other smaller Aegean islands, is also more rugged, with several high
mountain ranges, multiple hilly areas, and some small lowland
plains and valleys. The modern climates of Crete, and the East
and West Aegean are relatively similar, classified according to the
Koppen climate classification as hot-summer Mediterranean (Csa),
although the areas to the north of the Aegean Sea are classified
as cold semi-arid (BSk) (Rubel and Kottek, 2011). The past
climatic conditions in the Aegean World are thought to have been,
overall and generally, quite similar to those of today (mild, wet
winters and relatively warm to hot, dry/drier summers), although
with some chronological variation (for example, see Moody,
2014, 20165 Psomiadis et al, 2018). Additionally, the Aegean
region as a whole is at the center of the Eastern Mediterranean
vegetation zone (Runemark, 1971), and, generally speaking, the
overall modern biome for the East and West Aegean regions
are considered to be Mediterranean forests, woodlands, and
scrub (see One Earth —https://www.oneearth.org/ecoregions/
mediterranean-woodlands-and-forests/), and the ecoregion is
classified as Aegean and Western Turkey sclerophyllous and mixed
forests [see Digital Observatory for Protected Areas (DOPA)
Explorer—https://dopa-explorer.jrc.ec.europa.eu/ecoregion/
81201; and One Earth—https://www.oneearth.org/ecoregions/
aegean-and-western-turkey-sclerophyllous-and- mixed-forests/].
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Whilst there are environmental and climatic similarities between
the regions there are some differences and it would, therefore, be
expected that these differences would have potentially influenced
and affected subsistence practices and agricultural strategies (in
terms of available cultivatable land and arable field agriculture
and livestock rearing and management). Concurrently, it would
also be expected that the three sub-regions would have different
and varying isoscape values which would influence §'*C and
81N values in plants, animals, and thereby humans. However,
what is interesting is that, with a few exceptions, and the expected
micro-regional site-by-site variability, the §'3C and §'°N values
are broadly consistent with relatively little overall variation,
not only between the sub-regions, but also across chronological
periods. This would, therefore, imply, that across the Aegean
World, that similar crops were being cultivated in similar ways
and that similar animals were being reared and managed as well
as exploited in similar ways. It may even, very tentatively, suggest
that chronological variations in climate (i.e., drier, or colder, or
wetter periods) did not have dramatic and significant effects on
subsistence practices and dietary habits. Although, this should
be investigated and tested further, and more thoroughly. That
is not to say that there are no differences or variation, of course
there are (as discussed above), but the general overall “big picture”
pattern is one of relative consistency. Yet, we need to acknowledge
this overall observation in this study, of relative consistency
between regions and across time, with some important caveats and
recognition of limitations. By looking at a “big picture” and overall
patterns we do lose, and perhaps even obscure, micro-regional
and intra-population and intra-chronological period nuances
and subtleties in variations and diversity in dietary habits and
associated subsistence practices and agricultural strategies - it has
the effect of “smoothing out” the data to a certain extent [see also
the latter part of the discussion in Papathanasiou and Richards
(2015)]. Nafplioti (2017) has also highlighted that large-scale
studies such as this may result in the exaggeration of patterns,
and that interpretations may be compromised by small sample
sizes, the lack of robust isotopic baseline values, and the paucity
of isotopic values from regions or time periods. The available and
published human §'3C and §!°N values for the Aegean World
is heavily biased toward the western region (i.e., West Aegean),
which has the obvious potential to create prejudices in the obtained
and analyzed data and how we interpret it. And lastly, many of
the sub-regions are only represented by single sites/populations
which also has the potential to result in biases in the data and
its interpretation. Ultimately, these final two limitations mean
that we are only seeing part of the picture whilst applying it on a
large-scale. However, with all that being said, and acknowledged,
there is arguably enough data and information to at the very least
put forward these thoughts as a starting point of consideration. As
always, these kinds of thoughts and observations will be further
clarified (enforced or dismissed) by additional isotopic values
and related research in the region. Furthermore, whilst initially
being surprising, it, perhaps, should not be completely implausible.
The similarity between the East and West Aegean in terms of
human §*C and §'>N values, and thereby implied dietary habits
and subsistence practices, has previously been observed for the
Early-Middle Bronze Age/Early-Middle Helladic period (Irvine
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et al., 2019). Although not plotted in the Figures of this paper
(see explanation in Section 2), the §'*C and §'°N values from
Middle Helladic Kouphovouno suggest a C3-based terrestrial diet
that is generally quite similar to other populations of a similar
chronological period, although with perhaps a very slightly greater
reliance on crops and lower input of animal protein: §!*C mean
value of —19.8%0 *+ 0.3%o; 81°N mean value of 7.9%0 + 0.4%o
(Lagia et al, 2007). Furthermore, researchers examining dietary
habits in the Greek world (Greek mainland and islands, and Crete)
using stable isotope analyses have been using the terms “Neolithic
diet” and “Byzantine diet” for more than a decade to explain the
general homogeneous patterns observed for potential exploited
food resources and overall and general tight clustering of the §'*C
and 8'°N values (Bourbou and Garvie-Lok, 2015; Bourbou et al.,
2011; Dotsika et al., 2018; Papathanasiou and Richards, 2015).
And, as outlined in the introduction, decades of archaeological
research, including recent research applying quantifiable scientific
and biomolecular methods such as isotopic and aDNA analyses,
have consistently pointed toward high levels of connectivity and
mobility in the Aegean World from at least the Neolithic period
onwards, and indeed even earlier. This has involved physical
connectivity through trade and exchange networks, the movement
of people and resources—including agricultural resources, and
more metaphysical connectivity such as the movement of ideas and
material culture “fashions;” burial habits and mortuary practices,
and cultural and socio-cultural connectivity. For long periods of
its history the Aegean World (or at least significant parts of it)
was also under the control of singular empires and/or relatively
culturally and socially similar city states/proto-empires/kingdoms,
further providing a singular connective aspect to the region.
Dietary habits and subsistence practices may simply be one more
window through which macro-regional connectivity in the Aegean
World can be observed.

5 Conclusion

Whilst it can be said that the §'3C values are actually quite
consistent over time in the Aegean World, there is a clearly
observable general and overall, if small, increase in §1>C values over
time. Greater variability in §'3C values is observed on a site-by-site
basis, which is to be largely expected due to varyinglocal and micro-
regional environmental and ecological conditions that are likely
to have influenced subsistence practices and agricultural strategies,
and thus 8'3C values. A similar general and overall relative
consistency (albeit relatively more irregular) is also observed in the
815N values over time. This is with the exception of the Classical,
and to a lesser extent the Hellenistic and Byzantine, sites and
periods. This is particularly true of the Classical and Hellenistic
sites and populations around Athens and also at Thebes, which
have markedly greater §!°N values. The majority of the Aegean
World sites and populations (both regionally and diachronically)
have dietary habits that are predominantly terrestrial and C3-based
(with a heavy reliance on domesticated plant and animal food
resources with marginal wild input), with likely varying (direct
or indirect) inputs of C4 plants in periods after later Bronze
Age periods (see also Papathanasiou and Richards, 2015). The
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sites around Athens, and also at Thebes, may have had a greater
input of freshwater and/or low trophic level marine resources
in their dietary habits (relative to earlier periods and even later
periods where marine consumption has been suggested to be
more common), and is something which would constitute a local
micro-regional flavor and characteristic. Modest marine resource
consumption may also be true for Bronze Age, Roman, and
Late Antique Knossos. However, it should be noted that previous
research has suggested that identifying marine and freshwater
resource consumption in the Aegean World by §'3C and §°N
values alone may be tricky, and that stable isotope analysis into
dietary habits may be underestimating the contribution of marine
and freshwater resources in human dietary habits in this region.
As a result, further research into the isotopic values of potentially
exploited and consumed marine and freshwater species is needed
to further clarify this issue.

One further initial, and perhaps surprising but interesting,
observation is that this relative and broad consistency in §'*C
and 8'°N values for the overall Aegean World is also noted
when examining the different sub-regions (East Aegean, Crete,
West Aegean). Furthermore, expected differences, with perhaps
overall distinct sub-regional patterns, between the three sub-
regions of the Aegean World are not observed. This may point
toward dietary habits, subsistence practices, and agricultural
strategies being a definable aspect of connectivity in the region.
However, in concluding, it should again be emphasized that (due
to time and space constraints in this study) these are broad
and general observable patterns in the human isotopic values
and, furthermore, that with the data currently available this
remains only a tentative observation and “jumping-off” point
of consideration that should be explored further. For example,
future research should also endeavor to more precisely incorporate
archaeobotanical, zooarchaeological, palacoenvironmental, and
palaeoclimatic datasets (including isotopic analyses applied to these
materials and proxies), and chronological variations in them. This
would help to provide a more nuanced examination of dietary
habits and subsistence practices over time in the region.
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