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ABSTRACT
This paper presents a new data set that measures inequality levels in the city-state of Delos at two different points in time during
the period of its independence (314–167 BCE). We propose a new approach for quantifying ancient inequality and its evolution by
relying on inscriptions that indicate property data and artisanal remunerations. A probabilistic approach is adopted to assess the
uncertainty of the estimates and their sensitivity to assumptions. This paper finds that there was a decrease in wealth inequality
of about 20% between the early and late periods of independence. We hypothesize that the main reason for the socio-economic
changes is to be found in the new political status of autonomy that occurred in 314 BCE and resulted in a greater share of wealth
being held by the middle class.
JEL Classification: D63, F54, N33

1 | Introduction

The study of inequality in the preindustrial world represents a
well-known challenge, primarily due to the nature of the avail-
able sources and their limits. Several significant attempts have
been made to address this problem. On the one hand, we have
archaeoanthropological studies that are of great interest, as they
are based on material culture and cover a very broad period
(Bogaard et al. 2024; Lalueza-Fox 2022; Kohler and Smith 2018).
Conversely, when approaching the classical world, particularly
the Greek world, in addition to archaeological sources, we have
access to literary and, even more importantly, documentary
sources. However, the paucity of available sources makes it diffi-
cult to appreciate the evolution of inequality. Plagues, wars, and
famines have been mentioned as possible factors capable of shap-
ing inequalities in the classical world. In other settings, including
prehistorical and modern preindustrial societies, context-specific
institutional factors have been recognized to play a role.1

This paper connects the changes in the economy that occurred
during the period of political independence of Delos from Athens
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to the overall inequality patterns among the inhabitants of the
island. To do so, we draw upon a variety of epigraphic documents,
including city archives. For the classical world, there are no com-
parable cases to that of Delos in terms of the variety and quan-
tity of this type of data. When considering transactions involv-
ing land (rents or sales), which constituted a major source of
wealth in the Greek world, evidence can be found in the records
of poleis such as Athens, Tenos in the Aegean (Cyclades), Olyn-
thus in Chalkidiki, and Mylasa in Asia Minor. However, these are
episodic and quantitatively smaller corpora than that of Delos.
Even in the case of Delos, the relative abundance of evidence
must always be interpreted in light of its fragmentary nature, as
is common when dealing with sources from the ancient world.2

For over a century, scholars have acknowledged the exception-
ality of the socio-economic and financial information available
about Delos. These sources provide insights into land transac-
tions, the composition and compensation of the artisanal work-
force, and the social status of notable individuals as inferred
from prosopographical observations (see below). While the sin-
gle aspects have been thoroughly investigated, as proved by a
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substantial body of literature (Glotz 1913; Heichelheim 1930;
Vial 1984; Osborne 1988; Reger 1994; Feyel 2006), they have not
been combined to provide a systematic assessment based on doc-
umentary evidence about the distribution of wealth among the
inhabitants of Delos, with the exception of Kron (2014) relying
on a different set of data, namely house sizes.

This study focuses on the early (ca. 280 BCE) and late (ca.
190 BCE) phases of Delos’ independence and suggests possi-
ble connections between trade openness, political independence,
and patterns of inequality. While the earlier period reflects the
levels of inequality of a city-state that had been directly managed
by Athens until a few years before, the later independence period
reflects the levels of inequality in a wealthy, commercially ori-
ented city-state. Once liberated from Athenian domination, the
Delians prospered and, far from remaining idle and enjoying their
traditional temple-related privileges, invested in economic activ-
ities (see Section 2 for references).

Our work contributes to two strands of literature and method-
ologically builds upon a third recent one. First, we relate to
the literature estimating inequalities in the classical world, by
adding a significant case-study to a quite uncertain picture.
Indeed, research on inequalities in classical Greece has thus far
mostly concentrated on IV century BCE Athens. The extent of
its inequality in this period is still subject to considerable debate,
and the uncertainty of these estimates reflects a general dis-
agreement about the levels of inequality in ancient Greek states.3
We contribute to this debate by providing a benchmark outside
Athens and by examining its evolution over a period of approxi-
mately a century. In addition to Athens, other studies of inequal-
ity in the ancient Mediterranean have focused on the Roman
Empire (e.g., Milanovic, Lindert, and Williamson 2007; Scheidel
and Friesen 2009, and Flohr 2017). To ensure that the results are
comparable over a broader time and spatial horizon than classical
antiquity alone, we rely on the Gini index approach of Bogaard,
Bowles, and Fochesato, Bogaard, and Bowles (2019) and Bowles
and Carlin (2020).

Second, our study contributes to the literature that seeks to under-
stand the drivers of preindustrial inequality patterns. Among this
literature, Scheidel (2017, 43, 71–75, 265) has argued that violent
events such as wars and plagues and the subsequent rise and fall
of states can explain the decline in preindustrial levels of inequal-
ity. Alfani and Di Tullio (2019) have proposed that the combina-
tion of regressive taxation with the growth of military expendi-
ture can account for the rise in inequalities in the early modern
Republic of Venice. Van Zanden (1995) has associated increases
in inequality during the early modern period. Alfani (2022),
among others, has recognized the important role of epidemics.
Piketty (2014) as well as Borgerhoff Mulder et al. (2010) who
focused on the very long run, emphasized the prominent role
of inheritance systems. In this study, we follow the current view
about the association between political independence and com-
mercial growth of Delos, as suggested by Reger (1994), and we
bring inequality in the equation. Our approach complements
most current studies which investigate either a broader geograph-
ical setting (e.g., the Roman empire) and/or aggregate data span-
ning over a longer period (e.g., house sizes), by offering a dynamic

assessment of inequality based on an in-depth case study. Inves-
tigating Delos has the advantage of being relatively well docu-
mented, but it is also a weakness because it is not easily gener-
alizable to the entire Greek world. Finally, our research touches
upon the probabilistic models recently proposed by Jew and
Lavan (2023) for the ancient world, which are tested through sim-
ulation approaches (for Rome, see also Lavan 2019 and Brugh-
mans and Wilson 2022).

The level of Gini wealth inequality observed during the early
independence period (280s BCE) was 0.51, which is lower than
the wealth inequality estimates for IV century BCE Athens. This
level of inequality had decreased by about 20% in the 190s BCE.
We tentatively suggest that the decline in inequality was driven
by the island’s openness to trade following its independence. This
resulted in a concentration of wealth in the hands of a new group
of merchants to the detriment of the elite. This mechanism pre-
vailed over the increase in the number of landless/poor citizens,
which would have an opposite effect on the Gini coefficient.

2 | Historical Background

Delos enjoyed a special position among the Greek city-states.
In addition to its central position in the Aegean, the island was
home to the very renowned temple of Apollo, who, according to
the myth, was born on Delos. In the first half of the fifth cen-
tury (477–454 BCE), the island hosted the treasury of the recently
established Delian League. Athens exercised formal control over
Delos, sending its own magistrates with the main task of admin-
istering the great wealth of Apollo even after the dissolution
of the league. It was only in 314 BCE that Delos became free
and autonomous thanks to Antigonos the One-eyed. Its indepen-
dence lasted until 167 when Rome, by then the dominant power
in the Mediterranean, attributed Delos to Athens and designated
it as a free port.4

The aforementioned turning points—314 and 167 BCE—
represent institutional epoch-making moments. The first one
(314) resulted in the return of the island to the Delians that
were finally able to administer it autonomously. During the
period of independence, Delos became the administrative cen-
ter of the Nesiotic League, a political association of Aegean
island-states that was promoted and supported by Hellenistic
kings, initially Antigonos I and subsequently Ptolemy I. While
the relevance of this league is tiny in comparison to the Delian
League, it contributed to elevating the status of Delos, which
was already safeguarded by asylia (inviolability), within the
international community. An excellent monograph by Gary
Reger demonstrated that Delians were not merely idle exploiters
of the revenues generated by Apollo’s temple, but rather active
participants in a regional network of commerce and economic
exchanges. As Reger argues, this process of becoming involved
in a regional network was gradual and spanning over genera-
tions. The network was central to the Delian economy and was
influenced by local and regional phenomena to a greater extent
than by the wider-ranging political events of the turbulent III
century BCE. The second break (167) was harsher and more
disruptive. As a consequence of the loss of autonomy, there was
an immediate change in the economic activities of the island.
The majority of Delians (in theory, all of them) were expelled
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from their homeland and those who remained had the status of
aliens, since Delos had become an Athenian overseas territory.5

Several convincing attempts have been made to write an eco-
nomic history of Delos and they focus on the independence
period, which is characterized by a rich body of documentation
(see infra) and clear-cut boundaries. From an economic perspec-
tive, two notable trends emerge: (a) the rents of estates became
gradually lower; (b) the rents of buildings (shops, warehouses,
etc.) grew higher. Scholars have suggested that, when consid-
ered together, these two trends point to a major role played
by commerce and a diversification of Delian economic activi-
ties during the period of independence.6 The fact that the rents
of buildings grew higher may also indicate that the population
involved in commercial activities faced higher production costs,
which would contrast our finding of an increasing share of wealth
owned by the intermediate classes. We observe that, from the
period 282–250 BCE to the period 190–170, the median remu-
neration of artesans quadrupled. Taking also this into consider-
ation, the higher rents can be seen as an indication of increased
commercialization, which more than counteracted the produc-
tion costs.

3 | Sources and Data Set

Notwithstanding the limits of the documentation about the
ancient world, what makes Delos so special for modern scholars
is the unparalleled abundance of detailed documents recording
economic activities. The Delians, once they gained their freedom,
implemented the Athenian recording system and carved on stone
copies of the administrative documents relating to the finances
of the temple. These accounts provide information on all expen-
ditures, including salaries paid to the workforce, purchases of
goods such as oil and animals, and other costs; they also include
income figures, such as rents from estates and buildings, interest
on loans, and donations.

However, this wealth of data is partial and incomplete, due to
both the loss of material and issues intrinsic to the documents.
Records change over time and gradually become more detailed.
For several years, the stones are lost, resulting in a gap in the
data, for example, regarding rents between 268 and 250 and 246
and 219. Finally, the preservation of the records varies, with some
being more well-preserved than others. To sum up, our evidence
is scattered, albeit very rich. Possibly the most relevant feature for
our analysis is the fact that the accounts refer only to the temple
finances, with the exception of the very last decades (beginning
of the II century BCE), during which the civic accounts were also
carved on stone.

The temple was a major economic actor. When the limited size
and resources of the island are considered, the ratio of sacred to
civic economy differs from that observed in most poleis, and is
comparable only to Delphi. The sanctuary constituted a reserve of
capital, a large landowner (which is the reason why we are aware
of the extent of rents), and a major employer. We can postulate
an evolution of the relationship between civic and sacred econ-
omy. During the Classical period, the temple was directly man-
aged by Athens and its economic agency prevailed over the civic
ones. During the period of independence, on the other hand, the

civic and sacred economies, while remaining formally and sub-
stantially separate, showed a greater degree of integration, since
the Delians themselves managed the finances of the temple. It is
therefore reasonable to assume that in this period the relation-
ship was much less unbalanced. In this sense, the fact that civic
accounts began to be recorded in stone at the beginning of the II
century BCE could be interpreted as a sign of the growing impor-
tance of the civic economy. A real break in the economic relation-
ship between city and temple occurred when Delos became a free
port, at which point the civic economy was by far predominant
(most recently, Zarmakoupi 2022 from an urbanistic perspective).

Looking only at the sanctuary inevitably provides us a partial
view of Delian society. Nevertheless, the cross-section it offers
is broad. In order to supplement the partiality of the temple
accounts, we rely on information from other sources, such as
decrees and honorary inscriptions, through which we can gain
insights into the social standing of the individuals mentioned in
them, who usually are members of the upper strata. By employ-
ing such documents and the prosopographical study offered by
Claude Vial, we attribute each individual to the most plausible
group (see next section). Figure 1 shows the total number of
attested individuals for each period.7

All information used in this paper comes from inscriptions. The
majority of the data has already been collected in special stud-
ies, such as a comprehensive register of citizens and a compre-
hensive register of aliens (see Table 1, Panel A). The aforemen-
tioned lists include information about economic and political
activity, and we refer to them for practicality. Furthermore, we
rely on other studies that group individuals according to finan-
cial and/or prosopographical information, such as family trees,
artisans (including works executed and wages), and land tenants
(including estate rents) (see Table 1, Panel B).8

4 | Empirical Approach

We rely on the Gini coefficient to measure wealth inequality. The
Gini coefficient is a measure that ranges from 0 (complete equal-
ity) to 1 (all wealth is held by one person). The data requirements
for computing a Gini index are relatively few, so Gini indexes are
available in many societies and periods. We adopt the method
recently developed by Fochesato, Bogaard, and Bowles (2019).
Their approach has the advantage of making comparable the set
of preindustrial Gini inequality estimates measured to date, even
though they are based on different sources and rely on different
data collection and sampling methods. The Gini index is calcu-
lated as follows:

𝐺 = 𝑛 + 𝑢 − (1 − 𝑢) 𝑠

This specification of the Gini index is particularly suitable to our
scenario as it takes into account the fact that besides the two
classes of large and small wealth holders, most societies, includ-
ing Delos, have had a fair share of those without wealth. In the
formula, 𝑠 indicates the share of wealth owned by small-scale
wealth holders, also referred to as “Group 2”; n indicates the
number of individuals belonging to Group 2 over the total pop-
ulation, which also includes those without wealth; u indicates
the share of the population which belongs to the group of those
without wealth, also referred to as “Group 3”. For example, if n
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FIGURE 1 | Number of recorded individuals by period. Source: Own elaborations of inscriptions (see Table 1).

TABLE 1 | Summary of the analytical studies employed in this research.

Type Study Example

Panel (A). Registers of inhabitants in Delos
Register of citizens Vial (2008) Dexikles son of Timothemis, collector of the tax of Rhenea
Register of aliens Tréheux (1992) Sotadas of Crete, metic choregos at the Dionysia, renter of sacred land

Panel (B). Thematical collection of financial and prosopographical data
Rents of sacred land Pernin (2014, 236–237) Aristodikos, tenant and choregos, rent of 1100 drachmai in 282 BCE
Family trees Vial (1984, 218) Aristodikos son of Antikrates, part of a politically involved family
List of artisans (with commissions) Feyel (2006) Deinomenes son of Leophantos, carpenter, and engraver, received 70

drachmai for engraving a stele in 300 BCE (IG XI, 2147)

is equal to 30% and s is equal to 20%, it can be inferred that 80%
of the population owns a total of 30% of the total land wealth.
If the population of individuals in Group 3 is 40%, the resulting
Gini index is G= 0.3+ 0.4 – (0.6)× 0.2= 0.58. It can be useful to
remark that an increase in the proportion of individuals in Group
3 from Periods 1 to 2 may nonetheless result in a lower Gini index
if, as in our case, the share of wealth held by Group 2 is sufficiently
greater than the one observed in Period 1.

Quantifying the entire population of a town or village is usually
unattainable in the classical world, and this often prevents the
calculation of the Gini index we just described. In the case of
Delos, however, we are fortunate to have at least indirect evidence
of the entire population of adult male citizens in 173 BCE, which
provides a valuable basis for making a well-informed hypothesis
about the population in earlier periods. The number of Delian
citizens in 173 BCE was calculated by Philippe Bruneau, with a
subsequent slight correction by Claude Vial. In that year, records
about the festival of Poseidon document that the officials in

charge reported the total cost of the gift meals, which amounted
to 250 drachmai. Gift meals were offered to all adult male citizens
who attended the festival. In the same year, 50 drachmai were
spent on the nonattending citizens. Since the equivalent indem-
nity for the nonattending citizens was 1.5 obol (0.25 drachmai), it
is possible to calculate the number of attending citizens by divid-
ing 250 by 0.25, which equals 1000. The same methodology was
applied to account for the nonattending citizens (50/0.25), result-
ing in an estimated total population of adult males in 173 BCE of
approximately 1200. To calculate the population of citizens in ear-
lier periods, we employ a yearly growth rate of 0.35%, which is an
intermediate value between a maximum of 0.5% and a minimum
of 0.25% estimated for the Greek world. The results are generally
robust to the use of both the lower (0.25%) and the higher (0.50%)
population growth rates (see Table 3, Panel C).9

We consider that the number of male citizens is representative
of the number of households, which also included women and
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slaves. In fact, women who owned assets constituted a minor-
ity and needed a tutor. Furthermore, slaves could run businesses,
but they were not legally independent. The quantification of the
slave population is an exceptionally challenging endeavor. We
cautiously propose three alternative scenarios that include the
slave population, based on data calculated by Walter Scheidel for
the urban population of Roman Italy and for the city of Alexan-
dria. The minimum of 10% is based on the low estimate of slaves
in the urban population from Roman Italy, while the maximum
of 20% is based on the high estimate of slaves from Alexandria.
The intermediate value is the mean of the two values (15%).10

The fragmentary status of the evidence does not allow a
year-by-year study. To compensate for the lack of continuous
data, the period has been divided into six subperiods, each corre-
sponding to a generation of 25 years (the last one is 8 years shorter
because the independence ends in 167). Subperiods 1, 2, 3, 4, 5,
and 6 span the following timeframes: (1) 314–289; (2) 288–263;
(3) 262–237; (4) 236–211; (5) 210–185; and (6) 184–167. As our
study is based on individuals (all Delians, of whom we have
knowledge), we consider such a unit of time to be an appropriate
measure of generational change.

To categorize the Delians according to their economic status, we
rely on the information concerning their political and economic
activity. The term “activity” is used in a deliberately generic sense
to indicate the reason why an individual appears in documents.
Economic activities include renters, landowners, entrepreneurs,
artisans, as well as guarantors. In the political sphere, holding
a certain office (in Delos) was directly related to the economic
capacity of the person. Political activities include charges such as
bouleutai (members of the council), hieropoi (administrators of
the temple), archons (chief civic magistrates), treasurers, or com-
missioners. Individuals mentioned only for extremely trivial and
occasional services are excluded. Consequently, the number of
individuals lacking land ownership is determined by subtracting
the estimated total population from the population of individu-
als appearing on the lists. Individuals are classified as Group 1
when their activity is indicative of possession of significant eco-
nomic resources. In the political sphere, this encompassed the
hieropoi and the prodaneistai, who were responsible for guaran-
teeing loans contracted by the city. In the realm of economic activ-
ities, this encompassed landowners and their guarantors. Indi-
viduals such as guardians, artisans, and tenants are classified as
minor landowners (Group 2), since their economic activities do
not necessitate the use of considerable economic resources. It is
not uncommon for an individual to be documented as engaging
in multiple activities. In such instances, the individual is classi-
fied according to the activity that denotes the higher status. For
example, Epiktemon son of Meilikos rented warehouses around
200, and this would put him in Group 2, but he is attributed to
Group 1, since he had been archon.

Table 2 provides examples of the political and economic activi-
ties of individuals that fall within each group. As we proceed by
hypothesis accumulation, prosopographical cross-examination
confirms the soundness of the reconstruction. For instance,
hieropoi are conspicuously present as renters of sacred land. In
cases where the status is more difficult to determine, such as
that of choregoi (sponsors of dramatic performances) or owners
of small properties, three main scenarios are proposed. The first

TABLE 2 | Examples of the classification into socio-economic status
groups.

Group Examples

1 Hieropoi, prodaneistai, archons, bankers, guarantors
2 Logistai, sitones, artisans, heralds, guardians,

architects, tenants
3 Wealth-less individuals (slaves)

Note: In Groups 1 and 2, the examples cover both political and economic indexes to
status. The political and institutional charges are underlined. In Group 3, slaves
are put in parentheses because they are included only in some specifications.

(scenario “A”) codes them as part of Group 1, thus representing
an upper bound of the number of individuals belonging to Group
1. The second scenario (scenario “B”) assigns them to Group 2,
thus representing a lower bound. The third (scenario “C”) assigns
them according to the class that, based on the available prosopo-
graphical information, is more likely. For example, approximately
half of the choregoi for whom we have more data on their activity,
around half were also hieropoi, while the other half were sim-
ply renters of commercial businesses. Consequently, the remain-
ing choregoi are divided into two groups: Group 1 and Group 2.
The next section will discuss the sensitivity of the results to each
scenario.

Ascertaining the proportion of wealth owned by the groups of
wealth holders (1 and 2) is not an easy task. Despite the rela-
tive abundance of economic data in independent Delos, we are
lacking data on the wealth of business owners and of tax col-
lectors. We have identified two types of financial information,
one for each group of wealth holders, for which we have more
detailed data. As the temple of Apollo was an important land-
lord and its transactions were carefully recorded, we are able to
gain a fairly comprehensive picture of the rent values of sacred
estates and their evolution. An analogous consideration can be
applied to the remuneration of artisans for temple-related works.
We rely on these sources to obtain indicative information regard-
ing the distribution of wealth in Delos. It is important to note that
this measure is limited in that it does not account for all forms of
wealth or income: not all wealth is derived from land, and not all
income is derived from remuneration for temple work.11

We relied on two complete sets of leases: one from the first period
(year 269) and one from the second period (192). Subsequently, an
examination was conducted to ascertain the number of lessees
who could be classified as belonging to Group 1 and Group 2,
respectively, based on prosopographical evidence suggestive of an
upper-class status, such as the holding of costly political charges.
The mean land value for Group 1 citizens was then calculated.
The mean value of the remaining lands is employed as an ini-
tial estimate of the proportion of wealth owned by Group 2 (see
Table A1). The second measure of the share of wealth owned by
the intermediate class is the mean compensation received by arti-
sans in each period.

To verify and possibly corroborate our key hypothesis regarding
the proportion of wealth held by the different groups, we rely
on the size data of the 91 houses cataloged by Trümper (1998)
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and consider them as referring to the period of late indepen-
dence (210–185), since it is closer to the proposed chronology of
the archaeological contexts (late third to early first century BCE).
Since Group 1 constitutes 30.7% of the population, it corresponds
to the first 27 houses in order of size, which represent 55.5% of the
total house surface. This figure corroborates the estimate of the
proportion of wealth held by Group 1, according to the method
we used, which for the period 210–185 gives a result of 52.7%
(most likely value: see Table A1).

The division of the individuals into three groups might appear to
follow a social table approach, in which each group is assigned an
average amount of wealth or income (e.g., Modalsli 2015; Schei-
del and Friesen 2009; Milanovic 2006). Our case has some simi-
larities with the social table approach, but also important differ-
ences. Looking at the population, one could attempt a detailed
disaggregation based on a finer-grained distinction between polit-
ical charges. However, in the case of Delos, it may very well result
in an arbitrary process, since there were no fixed census require-
ments to hold political charges. If one nevertheless wished to
operate in this way, one would be faced with a lack of data on
the wealth to be attributed to each class. Taking these difficul-
ties into account, we created groups, not social classes, that asso-
ciate wealth derived from certain types of activities (in particular,
agricultural) with socio-political prominence, while a lesser polit-
ical commitment is linked with mainly artisanal activities. This
takes for granted the fact that, within the Greek city, holding cer-
tain political offices was a social duty of the better-off. Given the
available sources, the only way to reach a comparable parameter
would mean using evidence based on house sizes. Such evidence
however is limited only to the second period and not available for
the first one, making comparison de facto impossible.12

In most ancient poleis, in addition to citizens and slaves, there
were also resident aliens (metics). The status of metic was legally
defined, but precise data on most individual metics in Delos are
lacking. Jacques Tréheux assembled a comprehensive register of
aliens drawn from all Delian inscriptions. Such inscriptions can
be quite precisely dated, according to internal or external indices,
and often specify the main activity of the alien. It is not always
possible to ascertain with certainty whether these individuals
were recognized as metics. We identify individuals as metics if
they comply with either one of two criteria: (a) a person is explic-
itly mentioned in the inscription as metic; (b) a person is an alien
whose occupation or activity suggests a prolonged stay in Delos,
such as renter, guarantor, and craftsman—either unskilled or
contracted for long-lasting public works.

To assign metics to Group 1 or 2, we follow the same approach
as for citizens. Figure 2 shows the proportion of metics over the
number of citizens in the period between 288 and 167 BCE. The
proportion of metics does not follow a linear trend: it is as high as
12% in the period 288–263 (Period II) and gradually declines to
about 6% in the period 210–185 (Period V). This result could be a
pure coincidence due to the limitations of the sources, or it could
be due to our mistake in identifying the metics. Otherwise, we
can assume that the openness of the island after independence,
as well as its being the center of the Nesiotic League, contributed
to making it more attractive. The gradual stabilization of the pro-
portion of metics can be explained, at least in part, by the fact that
some metics were naturalized among the citizen population.13

The robustness of our results to individual assumptions is
supported using Monte Carlo simulation scenarios, follow-
ing the approach proposed by Jew and Lavan (2023). Monte
Carlo-simulated scenarios include permutations of specific

FIGURE 2 | Share of metics over citizens according to attested individuals. Source: Own elaborations from Vial (2008) and Tréheux (1992).
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TABLE 3 | Wealth Gini estimates in Delos, 288–263 BCE and
210–185 BCE.

Panel (A). Most likely estimates

Slaves

(1) (2)
Period No slaves 15% of population

I (288–263 BCE) 0.489 0.561
II (210–185 BCE) 0.374 0.457
Percentage change −23.5% −18.5%

Panel (B). Monte-Carlo simulated estimates

Estimate (no slaves)

(1) (2)
Period Mean HDI

I (288–263 BCE) 0.51 [0.38–0.59]
II (210–185 BCE) 0.41 [0.31–0.51]
Percentage change −19.6% [−15.5% to 21.5%]

Note: The Monte-Carlo simulations randomly draw 10,000 times the parameters
needed to calculate the Gini index (n, u, and s) from a triangle distribution which
includes the minimum, maximum, and most likely value of each parameter, and
uses the 80% Highest Probability Density Interval (HDI). For Period I, the range of
values of the share of Group 2 individuals is 0.28–0.51, the share of wealth is
0.20–0.39, and the share of Group 3 individuals is 0.29–0.30. For Period II, the
range of values of the share of Group 2 individuals is 0.28–0.51, the share of wealth
is 0.37–0.54, and the share of Group 3 individuals is 0.32–0.32.

instances randomly drawn across the range of plausible values,
presented in the form of a probability distribution (each poten-
tial outcome is assigned a probability of occurrence, which is
measured as the relative frequency with which it occurs in the
simulation). This approach allows us to quantify the uncertainty
of our estimates.

5 | Results

Based on the classification proposed in the previous section, the
Gini coefficient is calculated for the two periods we consider.
Before discussing the results, it may be helpful to provide an illus-
trative example of the methodological steps related to the extrac-
tion of the Gini coefficients. In the period of early independence,
the most likely estimated population of citizens is 840 and of met-
ics 72, 38 of which are found to belong to Group 2. The population
share in Group 2 is thus 𝑛 = 316+34

912
= 0.39. The population share

in Group 3 is 𝑢 = 278
912

= 0.31, while the share of wealth owned by
Group 2 is 𝑠 = 0.29 (see Table A1).14 The resulting Gini coeffi-
cient is thus 𝐺 = 0.39 + 0.31 − (1 − 0.31) × 0.29 = 0.489, as dis-
played in Table 3, Column 1. The same procedure is carried out
to calculate the Gini coefficient for the late independence period.
For both periods, are presented alternative scenarios in terms of
wealth owned by Group 2, population growth rates and the share
of slaves in the population, as shown in Table 4.

During the period of political independence, we observe a signifi-
cant reduction in wealth inequality, which fell by a value of about
18%–23% from the earlier period (288–263) to the later period
(210–185 BCE) (see Table 3, Column 1). This pronounced decline

in inequality is consistent across all sensitivity analyses of the
Gini estimates (see Table 4). In particular, the levels of the Gini
index are mostly unaffected by changes in the proportion of slaves
in the population (Table 4, Panel A), by alternative scenarios of
the proportion of wealth owned by Group 2 (Table 4, Panel B),
and by population growth rates (Table 4, Panel C). The estimated
inequality levels are approximately 0.10 points higher when the
number of individuals in Group 1 is overestimated (Scenario “A”)
and approximately 0.10 points lower when the number of individ-
uals in Group 2 is overestimated (Scenario “B”). The Gini levels of
such scenarios are not plausible since they represent extreme val-
ues of “interval estimates,” which refer to improbable population
compositions (Jew and Lavan 2023, 7).

Monte-Carlo simulations are a more powerful tool to quantify
the joint uncertainty that comes from the reliance on a set of
uncertain coefficients. We run such simulations by relying on
the minimum, maximum, and most likely values of the compo-
nents, drawn at random from a triangle probability distribution.
This has the great advantage of allowing to specify the most likely
value of each parameter.

The resulting Gini index is an average of the Gini indexes
obtained through 10,000 iterations of the simulation (see
Figure 3). The point estimates and uncertainty are aligned with
our pre-simulation estimates (compare Table 3, Panel A with
Table 3, Panel B). The decline in the Gini index observed after
independence can be attributed mainly to an increase in the pro-
portion of wealth owned by Group 2 in Period II (see Table A1).

A comparison with other Gini estimates can both corroborate the
plausibility of our figures and situate them within the broader
framework of ancient Mediterranean economies. Figure 4 pro-
vides a summary of the Gini inequality values proposed by other
scholars. Our study posits that the Gini value at Delos between
288 and 263 BCE was 0.51. The wealth inequality Gini for Athens
is 0.71, which is higher than our estimate for Delos in the early
independence (0.48). Kron (2014) suggested a Gini value of 0.35
for Delos based on house size. This estimate is in line with our
result of 0.37 for the late independence period. Furthermore, if we
assume a share of Group 3 individuals of 30% as in our study, fol-
lowing the approach of Fochesato, Bogaard, and Bowles (2019),
the house size-based Gini appears to be slightly higher (0.51) and
similar to the one estimated in larger urban centers such as Perga-
mum and Carthage in the Hellenistic period (Kron 2014).

When considering the Mediterranean during the Roman period,
the inequality observed in late independence Delos (0.37) was
comparable to that calculated for the Roman Empire in the sec-
ond century CE, the Samnium (Southern Italy) in 101 CE, and
Egypt in the third century CE. In contrast, inequality was higher
in 79 CE Pompeii and Herculaneum.

Against these results, a possible explanation could come from
observing the increased importance of commercial activities in
the economy of Delos. Reger (1994) suggested that Delos saw
a greater prosperity toward the end of the III-beginning of the
II century BCE. He based his argument on an examination of
economic factors such as the variation in the prices of rents
and leases as well as of several goods (especially pigs, oil, and
wood). Furthermore, Reger (1994, 257–264) suggested that Delos
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TABLE 4 | Sensitivity analysis of wealth Gini estimates in Hellenistic Delos.

Panel (A). Sensitivity analysis: Impact of the range assumed for number of slaves on the Gini index (in %)

% slaves

Scenario Period 0% 9% of population 15% of population 50% of population

A I (288–263 BCE) 0.62 0.65 0.67 0.74
II (210–185 BCE) 0.50 0.55 0.57 0.67

B I (288–263 BCE) 0.38 0.44 0.47 0.59
II (210–185 BCE) 0.27 0.33 0.36 0.51

C (most likely) I (288–263 BCE) 0.49 0.54 0.56 0.66
II (210–185 BCE) 0.37 0.43 0.46 0.58

Panel (B). Sensitivity analysis: Impact of the range assumed for the wealth owned by the top two classes on the Gini index (in %)

% of wealth owned by Group 2

Scenario Period Minimum Intermediate Maximum

A I (288–263 BCE) 0.68 0.62 0.55
II (210–185 BCE) 0.58 0.50 0.46

B I (288–263 BCE) 0.45 0.38 0.32
II (210–185 BCE) 0.34 0.27 0.23

C (most likely) I (288–263 BCE) 0.56 0.49 0.42
II (210–185 BCE) 0.45 0.37 0.33

Panel (C). Sensitivity analysis: Impact of the range assumed for the population growth rate the Gini index (in %)

Annual population growth rate

Scenario Period 0.25% 0.35% 0.50%

A I (288–263 BCE) 0.67 0.62 0.58
II (210–185 BCE) 0.52 0.50 0.49

B I (288–263 BCE) 0.46 0.38 0.33
II (210–185 BCE) 0.30 0.27 0.26

C (most likely) I (288–263 BCE) 0.56 0.49 0.44
II (210–185 BCE) 0.40 0.37 0.36

Note: Panel (A). The baseline model considers either no slaves in the population or adds 15% to the population as slaves. Scenario A corresponds to a society where if uncertain, an individual is coded as
belonging to the élite (Group 1); Scenario B corresponds to a society where if uncertain, an individual is coded as belonging to Group 2; Scenario C corresponds to a society where if uncertain, an
individual is coded as belonging to the most likely class, considering additional prosopographical information. Panel (B). The maximum share of wealth owned by small landowners is 38% in the first
period and 54% in the second period. The minimum value of wealth owned by Group 2 is 20% in the first period and 37% in the second period. The intermediate and benchmark value is the average of
the minimum and maximum values, corresponding to 29% in the first period and 48% in the second period. For scenarios: See note 2 of Panel (A). Panel (C). The baseline model relies on an annual
population growth rate of 0.35%. For scenarios: See note 2 of Panel A.

became a local transshipment point for the Kykladic commer-
cial traffic, which finds corroboration, among other things, in
the establishment of a new commission to foresee the renova-
tion of the harbor infrastructures.15 Our research adds a nuance
to this narrative, showing that during the postulated economic
transition in the second half of the III century BCE, there was a
reduction in the levels of inequality.16

6 | Conclusion

The island of Delos was one of the most important religious cen-
ters of ancient Greece, eventually becoming a prominent trade
hub thanks to its tax-free status (from 167 BCE onwards). Before
that, starting from 314 BCE, Delos ceased to be under Athe-
nian control and became independent. The transition in the eco-
nomic sphere was gradual and complex. The present study offers

an assessment of ancient inequalities in Delos after the institu-
tional change. Despite the limits of the available sources, our
estimates allow us to assess inequality at two distinct points in
time, one at the inception and one at the end of the period of
independence.

The estimated levels of inequality are consistent with those of
other ancient Mediterranean societies, but we also observe a
notable decrease in wealth inequality of about 20% after about a
century of independence from Athens. This decrease in inequal-
ity is largely explained by an increase in the share of wealth in
the hands of small-scale wealthholders (Group 2). This suggests
that inequalities in the classical world, as for later preindustrial
societies, could be susceptible to institutional changes.

To appreciate the applicability of our research to other contexts,
two issues need to be kept in mind. The first is that the temple
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FIGURE 3 | Frequency distribution of the output (Gini indexes). (a) Early Independence (288–263 BCE), (b) Late Independence (210–185 BCE).
The frequency of Gini indexes is based on the range of minimum, maximum, and most likely values of wealth and relative representation of Groups
2 and 3 individuals. The specific instances of each parameter are drawn 10,000 times from a triangle probability distribution. HDI intervals of 80% are
shown as vertical dashed lines.

FIGURE 4 | Comparison of Gini estimates in the ancient Mediterranean. Source: Delos: This study and Kron (2014, 129). Athens: Morris (2000, 2009)
and Ober and Scheidel (2022) for the minimum, Kron (2011) for the maximum, average for intermediate value. Pompeii-Herculaneum: Flohr (2017), for
extreme values and Fochesato, Bogaard, and Bowles (2019) for intermediate values. Samnium: Duncan-Jones (1982, 346). Imperial Rome: Scheidel and
Friesen (2009); Roman Egypt (Fayyum): Bagnall (1992). The Gini coefficients for Ampurias, Southern Gaul, Carthage, Pergamum, Priene, and Olynthus
are derived from Kron (2014, 129). The interval estimates for Delos, Pompeii, and the Roman Empire are based on the minimum, maximum, and most
likely estimates.

of Apollo attracted external capital and was a large landowner,
so the ratio of the sacred economy to that of the city might be
an anomalous case. The second is that the available financial
information is mostly confined to transactions of the temple, thus
providing only minimal information about the civic economy.
Regarding the first point, we are unable to propose a solution
and hope that further research focusing on other poleis can help.
As for the second point, the situation is perhaps less problematic
than it seems. While the picture we get from the purely financial
and economic point of view is large, but limited to temple transac-
tions, the information we obtain from the entire set of documen-
tary sources about Delian society is abundant. When analyzed
prosopographically, these documents can shed much more light
on the socio-economic situation of the Delians than the sanctuary
data suggest.

The results we offer should be understood as a starting point for
further research that could corroborate or disprove our findings.
It will be a remarkable achievement if additional research from
other perspectives will allow to gain a stronger foothold on the
relationship between institutional change and inequality in the
ancient world.
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Endnotes
1 For an overview, see Scheidel (2017), Alfani (2021) and, for an example

of a more context-specific analysis about the causes of inequality,
Alfani and Di Tullio (2019). Although only for the industrial period,
Milanovic (2016) recognizes the importance of less idiosyncratic fac-
tors, such as structural change and urbanization, in the inverted U rela-
tionship between inequality and modern economic growth proposed
by Kuznets (1955). For a focus on how institutional mechanisms have
shaped inequality over the long term, Chirikure et al. (2018), Alfani
and Carballo (2023). For a review of surplus theory, according to which
institutions regulate the extraction and distribution of social surplus
and on which the work of Milanovic, Lindert, and Williamson (2007)
is based, see Cesaratto (2024).

Interdisciplinarity may encounter some obstacles when it comes to
specific choices. Our use of the term ‘institutions’ and its derivatives
is a case in point. For scholars working on the Greek city-states, “in-
stitution” has a very specific meaning and, as a way of studying the
past, a consolidated and well-defined tradition (suffice it to refer to
the work of Gauthier 2011). Institutions refer to the official charges,
civic bodies and the mechanisms by which the poleis were adminis-
tered. However, given the scope and methods of our study, we follow
the practice of economic history studies. In this context, the term is
used loosely to indicate a form of government or the political situa-
tion of a particular state, community, and so on (see, e.g., the seminal
work of North 1990). The volume by Murray and Bernard (2024) pro-
poses ways to move beyond the new institutional paradigm in ancient
economic history.

2 A very useful and comprehensive collection of land transactions in the
Greek world is the monograph by Pernin (2014).

3 For a lower bound of inequality in Athens, see Morris (2000, 140–142),
followed by Morris (2009, 120), Bresson (2015, 145), Ober and Schei-
del (2022); for the upper bound, see Kron (2011, 129–138 and
133–135), Ober (2015, 493) and Gallego (2017, 79–80). For egal-
itarian interpretations of the ancient Greek society, see Burford
Cooper (1977–1978), Hanson (1995). For inegalitarian interpretations,
see Foxhall (1992, 157), Foxhall (2007), and Van Wees (2011), sup-
ported by Kron (2011) for Athens. Other attempts of assessing the
distribution of wealth in IV century BCE Athens include Ruschen-
busch (1985).

4 See Will (2003). On Delos and the Cyclades, Reger (1994, 17–47).
More recent, focusing on Delos in the III century BCE: Constanta-
kopoulou (2017).

5 For the history of the Cyclades in II century BCE and an economic
interpretation, see Reger (1994, 17–47).

6 See Osborne (1988, 279–324); from an economic point of view,
Reger (1994, 249–76), divides the independence period into three
sub-periods: 314–290 (uncertainty and adjustment); ca. 290–230
(steady economy); 230–167 (new prosperity). It must be mentioned,
as economically relevant, that in the first quarter of the III century
Delos obtained the repayment of substantial international loans that
had been outstanding since the Athenian domination period (see
Migeotte 2014, 622–623).

7 On the economic history of Delos, the best contribution remains
Reger (1994). In particular, pp. 51–53 emphasize the important role
played by the sanctuary of Apollo as an economic actor. For several

examples of Delian documents, with French translation and a concise
commentary, see Prêtre et al. (2002). For the structure of the accounts,
see Migeotte (2014, 592–596).

8 For the lists of citizens: Vial (2008). For the list of aliens: Tréheux, de
Délos, and Index. Tome I. (1992). For the list of artisans: Feyel; for a
synopsis of the estate rents: Reger (1994, 309–349) and Pernin (2014,
233–251).

9 For the number of Delian citizens in 173 BCE, we follow
Bruneau (1970, 262–263), as corrected by Vial (1984, 18–20). This
approach is consistent with the ones normally accepted for the
Classical world (Varinlioğlu 1986, 22), cf. Classical Review XXXVIII
(1988), 124 and The Journal of Hellenic Studies CIX (1989), 244, and
it has the advantage of providing a figure that also takes into account
persons absent from the event for which attendance is recorded. On
the uncertainty of population estimates in antiquity, see Lavan (2019,
91–111). For a more recent approach than Ruschenbusch (1985), see
Hansen (1985, 11–13) and Hansen (2006, 55) for the upper bound. See
Scheidel (2003, 123) for the lower bound. The growth rate of 0.35% is
0.05 percentage points higher than the one assumed by Mackil (2023),
in consideration of the fact that Delos seems to have been an expand-
ing community. Vial (1984, 17) observes that in 262, the population
must have exceeded 612 citizens because there were 600 members
of the court (heliea) and 12 magistrates. Our estimated population
for 262 BCE is 879 citizens, and ranges from 960 when assuming a
population growth rate of 0.25% to 769 when assuming a population
growth rate of 0.50%. Reger (1994, 83–84) postulated that the popu-
lation growth remained the same throughout the independence (see
also Chankowski 2019, 268–269).

10 For female asset ownership in Delos: Vial (1984, 78, 288). In par-
ticular, we note that due to the nature of the documentation and
the society of the time, women are hardly visible in the documents
we used. Women could not act as guarantors, nor could they lease
or rent land. In the context of financial transactions, women were
required to have a male guarantor, except for donations. From the
perspective of this study, however, the limited economic data pertain-
ing to women are nevertheless included, as they are attributed to the
male intermediary. As for the issue of slavery, we concur with Bres-
son (2015, 476 n. 7), that demography is extremely difficult to quantify,
and that makes ancient inequality substantially different from modern
ones. For the maximum share of slaves in the population, see Schei-
del (2004a); for the minimum share of slaves, see Scheidel (2004b) and
Scheidel (2011).

11 It is complicated to write an economic history of skilled labor in the
ancient world, and Delos is no exception, despite the wealth of evi-
dence available. This difficulty does not affect our research, as our focus
is not on the specific remuneration for individual tasks, but on the over-
all sum involved in the compensation for manual work, that is, in the
total compensation and number of people involved.

12 For the second period, we propose an alternative scenario in which
Delian society is disaggregated into five groups and we attribute wealth
to each group on the basis of data obtained through house size compar-
isons. The results are in line with our main results (compare Table 4
with Table B1).

13 Mackil (2023, 62) suggests 15% as a possible maximum percent-
age of metics over the free population (including women), allow-
ing for huge spatial and temporal differences. Our proposals, max.
12.9% metics over the free male population, are well within that
range.

14 The share of individuals without wealth (about 30%) may seem high
compared to early modern times, when it reached a level of 14% as
in 15th century Florence and ranged between 17.9% and 32% in 15th
century Prato (Alfani and Ammannati 2017, 1094; Alfani 2022, 30). For
the ancient world, our share is supported by Friesen (2004, 344), which
estimates that 28% of the population of urban settings in the Roman
empire were “incapable of earning a living” and “permanently in crisis
through wage fluctuations and low wages” (25% by Longenecker 2009,
263). Both estimates are based on Whittaker (1993, 301–333).
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15 See also Vial (1984, 340–341). Recent paleogeographic research shows
that the main harbor infrastructure was improved in the period from
the end of the III century BCE to the end of the II century BCE (Desru-
elles et al. 2023).

16 About the transition from a mostly agricultural to a commer-
cial economy during the independence. See Vial (1984, 317–356),
Osborne (1988, 300–303), and Reger (1994, 259–264).
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Appendix A

Summary of the Methodology

Appendix B

Alternative Specification of the Gini for the Late Independence
Period

In the main text, the population of Delos is divided into three groups. In
this appendix, we propose a more detailed breakdown of Delian society
using a social table approach. This approach suffers from an important
limitation, namely that we can operate it only for the late independence
period because the share of wealth is based on house size data, available
only for the latter period. For this reason, such an approach does not allow
for diachronic comparisons between Gini values, and has the function of
corroborating the reliability of our estimates more than providing alter-
native results.

There are five groups we introduce in this alternative categorization.
Group 1 includes individuals attested to political offices that presuppose
the highest level of material wealth, such as prodaneistai and hieropoi,
and who correspond to 10.1% of the population. Group 2 includes individ-
uals attested to economic motives that presuppose a high level of material
wealth, such as owners of commercial buildings and tenants of sacred
lands, and correspond to 16.6% of the population. Group 3 includes indi-
viduals attested to political offices that presuppose an intermediate level
of material wealth, such as presidents of the assembly and choregoi,
and correspond to 17.1% of the population. Group 4 includes individu-
als attested to economic motives that presuppose an intermediate level
of material wealth, such as artisans and architects, and correspond to
28.6% of the population. Finally, Group 5 includes all other individuals
not directly attested in the inscriptions and corresponds to 31.9% of the
population (see Table B1).

To assign wealth to Groups 1–4, we rely on the size distribution of the
91 dwellings attested for Delos by Trümper (1998), assigning the first 15
houses to Group 1, the second 15 to Group 2, the third 22 to Group 3,
and the remaining to Group 4. The resulting Gini is 0.345. This level of
Gini is very much in line with our Gini for the late independence period
(0.374) and also with the Gini based on the same house size data of Trüm-
per (1998) by Kron (2014) (0.35).
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TABLE A1 | Key figures and assumptions.

Parameter Parameter Minimum Most likely Maximum References

Panel A: Early Independence (Period II: 288–263 BCE)

Annual growth rate (%) g 0.25% 0.35% 0.5% Hansen (1985, 11–13) and Hansen (2006, 55) for the maximum of 0.5%;
Scheidel (2003, 123) for the minimum. Both estimates refer to population

growth rates of ancient Greece.

Population of Delian citizens c.
275 BCE

p 930 840 722 Sum allocated for gift meals in the festival for Poseidon in the year
173 BCE, given the cost of a single meal (1200 citizens). Retropolation of
the total population of the late independence assuming a yearly growth

rate of population of 0.35%.

Population of metics m 72 Own results based on the list of aliens of Tréheux (1992)

Slaves (%) sl 10 15 20 Scheidel (2004a, 292) for minimum of 10% and Scheidel (2004b) for
maximum of 20% in urban Roman Empire (15% intermediate).

Population of Group 1 (excl. metics) e 130 246 341 Own results based on the list of citizens of Vial (2008) and
prosopographical observations of Vial (1984).

Population of Group 2 (excl. metics) n 221 316 431 Own results based on the list of citizens of Vial (2008) and
prosopographical observations of Vial (1984).

Population of Group 3 u 278 278 278 Subtraction: p− e−n.

Wealth of Group 1 (%) 1-s 80.4 70.7 60.9 Share of rent value of sacred land owned by Group 1 sacred land tenants
over total rent value.

Wealth of Group 2 (%) s 19.6 29.4 39.1 Minimum: Minimum mean rent value of remunerations in Period II.
Most likely: Average of mean rent value of sacred land owned by Group 2

and mean value of remunerations in Period II. Maximum: Mean rent
value of sacred land owned by Group 2 in Period II.

Panel B: Late Independence (Generation V: 210–185 BCE)

Annual population growth rate (%) g 0.25% 0.35% 0.5% Hansen (1985, 11–13) and Hansen (2006, 55) for the maximum of 0.5%;
Scheidel (2003, 123) for the minimum. Both estimates refer to population

growth rates of ancient Greece.

Population of Delian citizens c.
197 BCE

p 1130 1103 1065 Sum allocated for gift meals in the festival for Poseidon in the year
173 BCE, given the cost of a single meal (1200 citizens). Retropolation of
the total population of the late independence assuming a yearly growth

rate of population of 0.35%.

Population of metics m 52 Own results based on the list of aliens of Tréheux (1992).

Slaves (%) sl 10 15 20 Scheidel (2004a, 292) for minimum of 10% and Scheidel (2004b) for
maximum of 20% in urban Roman Empire (15% intermediate).

Population of Group 1 (excl. metics) e 180 328 451 Own results based on the list of citizens of Vial (2008) and
prosopographical observations of Vial (1984).

Population of Group 2 (excl. metics) n 284 406 555 Own results based on the list of citizens of Vial (2008) and
prosopographical observations of Vial (1984).

Population of Group 3 u 370 370 370 Subtraction: p− e (max Group 1)−n (min Group 2)

Wealth of Group 1 (%) 1− s 62.8 51.7 46.0 Share of rent value of sacred land owned by Group 1 sacred land tenants
over total rent value.

Wealth of Group 2 (%) s 37.2 48.3 54.0 Minimum: Minimum mean rent value of remunerations across Periods V
and VI (Period VI). Most likely: Average of mean rent value of sacred land

owned by Group 2 and mean value of remunerations in Periods V and
VI. Maximum: Mean rent value of sacred land owned by Group 2.

TABLE B1 | Resulting estimates according to the alternative Gini approach.

Group Population % Population
Wealth

(m2) % Wealth Gini

1 127 11.0 8124 38.4 0.345
2 131 11.3 5050 23.9
3 198 17.1 3439 16.3
4 331 28.6 4523 21.4
5 368 42 0 0

Note: aThe population includes metics, which have been assigned to the groups according to the same criteria adopted for citizens (N.B. according to our criteria, metics could not belong to Group 1.1
since they could not hold the highest offices).
Source: Our study and Trümper (1998).
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