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Abstract

The Late Neolithic site of Opovo Ugar-Bajbuk (Serbia), a well-
known Vinéa settlement, has been re-investigated after 40 years.
Earlier investigations in the 1980s offered insights into its architec-
ture, economy, and social life. Recent research (2022-2024) used ge-
omagnetic surveys, drilling, surface finds, and radiocarbon dating to
reassess the site. Results revealed 180-220 house structures and five
enclosing ditches, indicating a larger settlement with a more elabo-
rate spatial order. Radiocarbon data indicate the site’s core occupa-
tion from around 4850 to 4725 BCE, with models hinting at a larger
population than previously estimated. Through an analysis of house
sizes, ditch volume, and demography, we discuss implications for a
potentially egalitarian social structure at Opovo. However, the social
or economic factors leading to its abandonment remain uncertain.
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Zusammenfassung — Opovo: Riickkehr nach 40 Jahren. Rekon-
struktion von Siedlungsentwicklung und Sozialstrukturen im spit-
neolithischen Fundplatz Opovo Ugar-Bajbuk, Serbien

Der spitneolithische Fundort Opovo Ugar-Bajbuk (Serbien), eine
bekannte Siedlung der Vinéa-Kultur, wurde nach 40 Jahren erneut
untersucht. Frithere Ausgrabungen in den 1980er Jahren liefer-
ten wichtige Erkenntnisse zu Architektur, Wirtschaft und sozialer
Organisation. Neue Forschungen (2022-2024) kombinierten geo-
magnetische Prospektionen, Bohrungen, Oberflichenfunde und
Radiokarbondatierungen zur umfassenden Neubewertung des
Fundplatzes. Dabei wurden 180-220 Hausstrukturen und fiinf um-
laufende Graben identifiziert, was auf eine grofiere und strukturier-
tere Siedlung schlieffen lisst. Radiokarbondaten deuten auf einen
Besiedlungsschwerpunkt zwischen etwa 4850 und 4725 v. u. Z. hin.
Modellierungen legen nahe, dass die Bevolkerungszahl deutlich ho-
her war als bislang angenommen. Auf Grundlage von Hausgroflen,
Grabenvolumen und demografischen Analysen diskutieren wir mog-
liche Hinweise fiir eine egalitire Sozialstruktur in Opovo. Dennoch
bleiben die sozialen oder wirtschaftlichen Faktoren, die zur Aufgabe
der Siedlung fiihrten, bislang ungeklart.

Schlusselbegriffe
Soziale Ungleichheit, Siedlungsarchiologie, Sozialarchiologie,
Vinéa, Urgeschichte, Demografie



I Fynn Wilkes et al.

Fig. 1. Left: Location of Opovo (orange dot) with nearby cities/towns (black dots); top right: Site in relation to modern Opovo; bottom right:
Opovo in a European context (Satellite image: Airbus, CNES/Airbus, Landsat/Copernicus, Maxar Technologies 2025, via Google Earth;

Graphic: F. Wilkes).

1. Introduction

The Late Neolithic settlement at Opovo (Ugar-Bajbuk,
Serbia, Fig. 1) is one of the well-known sites of the Vinca
Culture (Tringham, Brukner, Voytek 1985; Tringham et
al. 1992). In the research, Opovo has a special position, be-
cause aspects of the archaeological material - like the house
architecture or zoological inventory (Tringham et al. 1992;
Russell 1993; Stefanovi¢ 1997) — differ from typical Vinca
settlements. This raises questions about the function of the
settlement in the regional settlement network on the one
hand, and on the other hand, it opens up questions about
differences in social organization in Opovo compared to
other settlements in the wider region.

Various models regarding the site’s function and social
structure were proposed based on the 1980s excavations.
However, an international project conducted new field-
work in 2022, yielding results which allow for a re-evalua-
tion. The geomagnetic field campaign was carried out in late
March to early April 2022, and a drilling and surface survey
in October 2022 by an international team from the Chris-
tian-Albrechts-University Kiel, the National Museum in

Pancevo and the Museum of Vojvodina in Novi Sad. The
fieldwork was continued by a systematic survey for surface
finds in spring 2024 and an excavation in autumn 2024.

The new fieldwork in Opovo is embedded in long-term
Serbian-German research on regional Neolithic and Chal-
colithic settlement dynamics during the 6% to 5% millennia
in the lower Tisza and Timis regions (Medovi¢ et al. 2014;
Hofmann et al. 2019a; Stankovié Pesterac 2024; Hofmann et
al. 2025a) and was part of the PhD project on “The develop-
ment of social inequality in the Carpathian Basin between
5200 and 1000 BCE’ by Fynn Wilkes. In the context of the
new research activities at Opovo, the team got into contact
with Ruth Tringham, the head of the 1980s research project
and exchanged thoughts about the new findings.

In this article, we provide an overview of the research
conducted in Opovo from the 1980s to the present. The
focus is on two central questions: first, our research aims
to determine how the Late Neolithic settlement of Opovo
Ugar-Bajbuk developed over its lifetime. Second, we seek
to analyse the settlement structure to understand how so-

ciety in Opovo was organized. Our approach combines the
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findings of previous campaigns with new insights gained
through targeted investigations using geomagnetics, drill-
ing, and excavations.

2. Material and Methods

2.1. Opovo - Research History and Past Interpretations

The Late Neolithic settlement of Opovo (Ugar-Bajbuk,
Serbia) is located approximately 2 km east of the modern
village of Opovo, in the Southern Banat District of the
Autonomous Province of Vojvodina (Fig. 1). The site lies on
a small hill (114-117 m asl) surrounded by palaecomeanders
of the Timis River, which today flows about 3 km west
of the settlement. The site was discovered in 1965 by the
local priest and amateur archaeologist Andreas Majer (Glas
Opova 2016).

Archaeological investigations intensified in the 1980s,
led by Yugoslav and American teams (Bukvi¢, Priki¢ 1980;
Tringham, Brukner, Voytek 1985; Tringham et al. 1992).
Initial sondages (1979-1980) were conducted by archae-
ologists from the University of Belgrade and the National
Museum in Pandéevo. Between 1983 and 1989, a 16 x 20 m
trench was excavated by researchers from the universities of
Novi Sad and Berkeley and the National Museum in Pance-
vo (Tringham et al. 1992).

The 1980s excavations identified three building hori-
zons (BH 1-3) and partially or fully excavated six buildings
(Tringham et al. 1992; Russell 1993, 70-71). The material
culture corresponds with the Vina-Plo¢nik/C2 phase!
(Tringham, Brukner, Voytek 1985, 437). Radiocarbon
dating of bone samples from BH 2 and BH 3 suggests a
short occupation period between 4860 and 4780 calBCE
(Orton 2012, 20-21). The site was previously estimated at
250 x 200 m (c. 5 ha; Tringham, Brukner, Voytek 1985, 425),
but our recent surveys indicate a larger extent. Compared
to other Vinca settlements like Gomolava and Vinéa-Belo
Brdo, the houses at Opovo are small, single-room structures
and were, according to Tringham, less well constructed
(Tringham 1991, 16; Tringham et al. 1992, 381).

The local environment was marshy and waterlogged
in prehistory (Tringham, Brukner, Voytek 1985, 426—427,
435). Elevated areas with fertile chernozem soils offered
farmable land (Tringham, Brukner, Voytek 1985, 434—435).
The site lay within a changing fluviatile landscape shaped
by the Timi$ River (Tringham, Brukner, Voytek 1985, 436).
It has been described as agriculturally marginal marshland
(Tringham 1994, 172).

1 This correlates with M. Gara$anin’s Vinéa Plo¢nik I phase (Garas-
anin 1993), as well as W. Schier’s Vinca C2/3 phase (Schier 1995) and
G. Lazarovici’s Vinca C (Lazarovici 1981).

Zooarchaeological evidence shows high proportions
(62-71 %) of wild animal bones — especially red deer — com-
pared to other Vinca sites and more in line with Tisza sites
(Greenfield 1986, 98-111; Russell 1993; Bartosiewicz 2005,
52; Orton 2012, 33). Botanical analysis revealed a typical
Vinca plant spectrum alongside substantial evidence of ag-
riculture. Wild plants likely served as supplementary food
during periodic flooding (Borojevi¢ 2006, 162-165). These
findings point to a subsistence economy combining farming
and hunting, adapted to environmental conditions.

The lithic assemblage includes a broad variety of tool
types (Tringham et al. 1992, 377). Due to the absence of
nearby raw material sources, the lithic material of chipped
and ground stones likely came from the Fruska Gora Moun-
tains (c. 45 km from the northwest; Tringham et al. 1992,
377-378; Russell 1993, 466—467). Obsidian makes up 6-7 %
of the assemblage — relatively high for the Vinéa region —and
is traced to the Tokaj-Eperjes Mountains in the southern
fringe of the Northwestern Carpathians (Russell 1993, 466—
467; Mili¢ 2016, 212-213; Furholt 2026), indicating partici-
pation in extensive exchange networks. The low quantity of
flakes and debitage suggests that core preparation and tool
manufacture occurred either outside the excavated areas or
even outside the settlement (Tringham et al. 1992, 378).

Regarding the past interpretations of Opovo, the inter-
national research project from the 1980s focused on ques-
tions of social and economic organization, particularly the
role of the household as a social unit within the settlement
(Tringham, Brukner, Voytek 1985, 427). With reference to
the material analysed by the Yugoslav and American re-
searchers so far, anumber of hypotheses regarding the char-
acter and use of the settlement have been proposed and dis-
cussed. The general interpretation of the features excavated
in Opovo is that of a relatively short-lived site (200 years,
5-7 generations, max. 10 simultaneous households; Tring-
ham 1992, 141-142; Tringham et al. 1992, 381-384; Tring-
ham 1994, 189-190).

Early interpretations of Opovo proposed three models
to explain its character and function. One saw the site as a
local Vinéa development influenced by Tisza traditions, re-
flecting a blend of hunting-gathering and farming practices
(Tringham, Brukner, Voytek 1985, 444). A second model
suggested it was founded by groups fissioning from large
Vinéa settlements south of the Danube due to demographic
or ecological pressures (Tringham, Brukner, Voytek 1985,
444). A third, proposed Opovo as a seasonal site for hunting
and gathering expeditions. Nerissa Russell’s faunal analysis
ruled out seasonality and emphasized a mixed subsistence
economy with high reliance on wild resources, interpret-
ing Opovo as a permanent settlement positioned within re-
gional exchange networks (Russell 1993, 468-471). Ksenija
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Fig. 2. Geomagnetic image of Opovo Ugar-Bajbuk. The survey was conducted in 2022 and the white spot in the northeast of the image is a

waterlogged, heavily cropped patch (F. Wilkes).

Borojevi¢’s archaeobotanical work confirmed the presence
of both cultivated and wild plant use, arguing for local adap-
tation rather than specialization (Borojevi¢ 2006, 164-165).
Tringham and colleagues ultimately emphasized Opovo’s
role as a marker of organizational change within the Vinca
system, shifting from centralized models to more dispersed,
adaptive settlement forms (Tringham etal. 1992, 353; Tring-
ham 1994, 189-190).

2.2. New Research 2022-2024

2.2.1. Geomagnetic Survey

The geomagnetic survey at Opovo was conducted between
late March and early April 2022, and the site was largely ac-
cessible. Measurements were only excluded from three small
areas: a c. 75 x 40 m patch of marshland in the northeast, a
shrub-covered area on the hilltop, and a modern drainage
channel in the eastern part of the site (Fig. 2, blank spaces).
Surveying was carried out usinga Magneto® MX V3 system
(SENSYS) in an 8-sensor setup, with 50 cm sensor spacing
and a 20 Hz measuring frequency, similar to previous sur-
veys in the area (Wilkes 2024). The device was mounted on

a handcart operated by two to three persons and linked to
a Leica GNSS Differential GPS (VIVA GS 10) for accurate
positioning. Data processing was performed using SENSYS
software (MonMX, DLMGPS, and MAGNETO ARCH),
and the final image was exported in Surfer grid 7 raster for-
mat with a resolution of 0.2 x 0.2 m. Approximately 13 ha
were surveyed in total.

Interpretation of the geomagnetic data was based on two
complementary methods. The first followed the approach
adopted by Knut Rassmann et al., using the r.contour func-
tion in QGIS (v. 3.12.2) to digitize anomalies at five flux
density thresholds (1,5, 10, 20, and 30 nanoTesla [nT]; Rass-
mann et al. 2021b, 15-18). Mean flux values of polygons in
the 5 nT layer were calculated using v.rast.stats to help iden-
tify low-intensity anomalies and enhance interpretation of
contextual variation.

The second method was the ‘six-eye methodology’
(Miiller-Scheefiel et al. 2020, 4-5), which involves anomaly
identification and classification based on expert interpreta-
tion by three archaeologists. Each evaluator independently
digitized features and assigned them to categories (house,
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ditch, pit). Their results were then compared to identify
overlapping or diverging interpretations. This method al-
lows an assessment of interpretation confidence and serves
to approximate the number, location, and orientation of
buildings with greater reliability.

The geomagnetic image (Fig. 2) reveals a dense cluster
of high-flux anomalies (up to 100 nT) in the settlement’s
centre. The identification and interpretation of the magnetic
anomalies as houses is based on examples from excavated
and surveyed Late Neolithic sites in the region (Crnobrnja,
Simi¢, Jankovi¢ 2009; Hofmann et al. 2019a; Perié, Miletié
2019); therefore approximately 180-220 of these anoma-
lies — rectangular in shape and with strong signals — can be
interpreted as burnt houses. This estimate is based on the
six-eye methodology (details in Appendix 1) and represents
the houses agreed on, which is to be seen as a conservative
estimate, as further structures may remain undetectable due
to overlapping features, insufficient magnetic contrast (e.g.
unburnt houses), or signal depletion at depth.

Smaller anomalies with irregular or round shapes and
flux densities between 5 and 15 nT likely correspond to pits,
hearths or partially burnt structures. Two notable areas —
one in the settlement centre (c. 40 x 20 m), the other ¢. 50 m
northwest of the centre (c. 35 x 30 m) — show an absence
of anomalies. These could represent open spaces or plazas,
presumably as an element for communal activities; one
might also align with the 1980s excavation trench, though
its exact location is unknown. Magnetic anomaly density
decreases significantly in the northwestern and western
parts of the site.

The entire settlement is enclosed by two, and in parts
three, linear low-flux anomalies (1-2 n'T), interpreted as en-
closureditches (Fig. 3A: ditches aand b). These outer ditches
define an area of roughly 9.4 ha, measuring c. 405 m (E-W)
and ¢. 300 m (N-S). Within this enclosure, three additional,
weaker linear anomalies (Fig. 3: ditches c—¢) divide the inte-
rior into smaller sections. Ditch ¢, enclosing the core of the
settlement (c. 4 ha), is partially overlain by house anomalies,
suggesting it may have been filled in at some point during
the settlement’s life. Openings in ditches a, b, and ¢ — one
to two in the south and one in the north — are interpreted as
access points. It is noteworthy that every building visible in
the magnetic image is integrated into the ditch system, cre-
ating a protected space for each member of the community
at Opovo.

Elevation data (see Fig. 3B) show that ditches ¢ and d
enclose the highest ground (116-117 m asl), while ditches a
and b also encompass lower-lying areas (114 m asl). In the
southern part of the magnetic plan, the outer ditches (a and
b) curve inward around a faint, circular feature (c. 25 m di-

ameter), which appears to have been intentionally preserved.

This suggests that the outer ditches were constructed after
this feature was already present, pointing to a possible later
digging of ditches a and b, as well as a later expansion of the
settlement.

Taken together, the spatial organization revealed by
the magnetic data supports a division of the site into two
principal and consecutive occupation zones which will lat-
er be analysed further by means of radiocarbon modelling
(Fig. 3A):

e Settlement area I: Enclosed by ditch ¢, c. 4.3 ha in
size, possibly representing the founding phase of the
settlement.

o SettlementareaIl: The zone enclosed by ditches aand
b, c. 9.4 ha, likely representing a later expansion of the
settlement.

The difference in house density and the presence of features
in area II reinforce the interpretation of settlement growth

over time.

2.2.2. Drilling Survey

In early October 2022, a drilling survey was conducted to
recover dateable material from house contexts, aiming to ex-
pand the radiocarbon dataset beyond the older dates from
the 1980s excavations. This strategy, successfully applied at
the Linear Pottery Culture site of Vrable-Velké Lehemby/
Farské (Slovakia; Meadows et al. 2019; Staniuk et al. 2020),
targeted 23 house anomalies selected from various parts
of the settlement and with differing orientations based on
magnetic imaging.

Sampling was carried out using a vibracore drilling sys-
tem with a 6 cm diameter (Wacker Neuson® and Stitz®
GmbH). Drill cores reached depths of 2-4 m and were
opened, described, and sieved on-site for organic material.
Charcoal and bones were collected for radiocarbon dating;
while charcoal samples were successfully analysed, most
bone fragments were too small or poorly preserved to iden-
tify species. Burnt daub layers — resembling the remains of
destroyed houses —were encountered between 0.4 and 1.5 m
depth. In drill points DP008 and DP015, anthropogenic lay-
ers with daub, pottery, charcoal, and bone extended as deep
as2.9-3.1 m. These deeper layers likely represent settlement
debris accumulated in ditches, as both drill points lie direct-
ly above ditch c anomalies (Fig. 4).

Findings from the drillings and surface collections indi-
cate that the upper layers of the site have been significantly
disturbed by agricultural activity. This has led to the pres-
ence of artifacts and construction materials — particularly in
the central and eastern parts of the site — where ploughing
has likely destroyed house remains and brought up daub
and other find materials.
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Fig. 4. Magnetic image with marked drillings and excavation areas. Of 24 drillings (2—4 m deep), 18 contained organic material; 13 provided

suitable samples for radiocarbon dating (F. Wilkes).

Radiocarbon samples were carefully selected from
well-defined contexts, either directly from burnt daub lay-
ers or from directly underlying strata, to ensure reliable dat-
ing of the building structures. A total of 19 samples from 13
drill cores were submitted for analysis (see Tab. 1; Fig. 4).
While vibracore sampling has inherent limitations — such
as a restricted view of stratigraphy and the risk of vertical
displacement —the sample collection process was supervised
by two specialists to ensure contextual accuracy.

2.2.3. Surface Find Collection

Surface find collection has been an integral part of all field
campaigns at Opovo. The first surveys were unsystemat-
ic, using smartphone GPS for documentation. However,
since autumn 2022, a structured approach has been adopt-
ed, employing a 50 x 50 m grid system for fieldwalking.?

2 The quadrants in the fieldwalking grid have been assigned small
letters and a number, while the excavation quadrants use capital let-
ters and numbers (see below).

Each quadrant was surveyed for 30 to 45 minutes, after
which finds were sorted by material type, then counted and
weighed.

Pottery was further classified by ware type — fine, me-
dium, or coarse — and by decoration. Fine wares are finely
tempered and often polished, indicating high-quality crafts-
manship. Medium wares are made from finer clay but lack
finishing, while coarse wares are heavily tempered, with raw
surfaces, typically from large vessel fragments. Due to sea-
sonal field conditions, not all grids were surveyed. The fo-
cus was placed on the central, densely settled area identified
through magnetic imaging.

The surface material highlights the Vin¢a C and D (after
Lazarovici 1979; Schier 1995) occupation of the site (P1. 1/1-
3,5; PL. 2/8, 9, 11, 12, 14). Decorated pottery pieces, those
with incisions, incrustations or painting, are very rare in
Opovo, with only four pieces of decorated pottery among
the total of 2230 pottery fragments collected during sur-
veys. Besides Neolithic find material of the Vinéa Culture
there are other periods present at the site, such as small frac-
tions of Early Neolithic Staréevo pottery (PL. 2/10), Early
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Quadrants without a colour gradient have not been surveyed (F. Wilkes).

Eneolithic (Pl. 1/4), Bronze Age (Pl. 2/13) and Sarmatian
pottery (Pl. 1/6-7).

Among the notable surface finds are a figurine, a figurine
arm (PL. 3/18) or part of an anthropomorphic vessel, and an
object interpreted as a bucranium (Pl. 3/15-17). The latter
shows similarities to the Herpély Culture bucranium dis-
covered at Berettyotjfalu-Herpaly (Kalicz, Raczky 1987,
117) as well as to objects with zoomorphic representations
from Driguseni, Trusesti and Parta (Romania) interpreted
as parts of clay sceptres (Marinescu-Bilcu, Bolomey 2000,
142-146, Fig. 175/1-6).

The chipped and ground stone tools of the Vinéa period
atOpovo display adiverse range of materials. Polished adzes
and axes are particularly abundant in the central area of the
site. A total of 63 lithic artifacts were discovered during the
spring 2024 campaign, including 52 chipped and 11 ground
stone tools, all of which have been analysed in more detail.

The raw material spectrum of the chipped stone assem-
blage includes flint of unidentified provenance, limnic silic-
ite, and chert, although their precise geological sources re-
main undetermined. Nevertheless, two pieces of Carpathian

obsidian and a single flint tool attributed to the Central
Banat provide importantinsights into their provenance. The
obsidian most probably originated from the Tokaj-Eperjes
Mountains (Hungarian name) / Pre$ovsko-Tokajské Po-
hot{ (Slovak name), which straddle the Hungarian-Slovak
border, while the flint tool may be linked to the sources
in the Apuseni Mountains or the Southern Carpathians in
Romania (Comsa 1987; Bir6 2014; Furholt, Medovi¢ 2024).
Most of the unsourced flint tools are light to medium grey
in colour and closely resemble the lithic assemblages from
the Late Neolithic Bordos tell and its horizontal settlement
and from Gomolava, where a similar flint variety has also
been documented (Kaczanowska, Koztowski, Pawlikowski
1986, 14-16; Furholt, Medovi¢ 2024, 194-195).

Cores, raw material fragments, flakes, blades, and tools
— exclusively end-scrapers — are present in the assemblage,
indicating that all stages of lithic production, from the ini-
tial shaping to the final retouching, took place on-site. Only
three blades and ten end-scrapers show evidence of retouch-
ing, representing a relatively low proportion. All 11 ground
stone tools are polished items, consisting of eight adzes, one
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B. Pottery (n =2230); C. Chipped stone (n = 31); D. Polished/ground stone (n = 67) (F. Wilkes).

chisel, and two small fragments. Their raw material appears
macroscopically homogeneous, likely a light grey crystal-
line schist, with one adze possibly made from a lighter white
stone (Antonovié¢ 1997; Antonovié¢ 2003).

2.2.3.1. Find Distribution
In 2024, 22 quadrants were systematically surveyed, reveal-
ing notable spatial variation in material composition across
the settlement zones (Figs. 5 and 7). A clear distinction
emerges between the western and eastern parts. The central
and eastern zones exhibit higher concentrations of surface
finds overall (Fig. 6A), a pattern consistent across all identi-
fied material groups: pottery, bone, chipped stone, ground
stone, and building clay (daub). Quadrants in lines a—c gen-
erally yielded fewer material groups than those in lines d-g.
Pottery analysis further supports this east-west divide
(Fig. 7). Western quadrants show a higher proportion of
medium and fine wares, while the eastern side is dominated

by coarse and medium wares. Outer quadrants (g4-5, d1-2),
situated near or beyond the enclosed area, contain particu-
larly high proportions of coarse ware. In contrast, the cen-
tral quadrants (d3-6, e3—4), with the exception of €5, display
amore balanced mix of medium and coarse wares and yield-
ed the highest overall surface find quantities.

Chipped and ground stone artifacts, though generally
sparse, also tend toward higher concentrations in the eastern
part. Two central quadrants stand out: d3, with 13 chipped
and 1 ground stone tool (avg. 1.4; Fig. 6C), and €5, with a
notably high count of 22 stone artifacts (avg. 3.1; Fig. 6D).
These concentrations may reflect variations in the intensi-
ty of ploughing, but the possibility of specialized activity
zones or workshops cannot be excluded. Biases based on
the collection year, individual surveyors, or inconsistencies
in documentation have been ruled out as explanations for
the observed distribution patterns.
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Fig. 8. South profile of the 2024 Opovo excavation trench. Ditch b was cut near an entrance, but excavation was stopped due to safety and
groundwater issues. Drillings (DP007, 009, 010, 013) were conducted to assess the stratigraphy. Radiocarbon samples (yellow stars) were taken
from the profile and drillings (F. Wilkes).
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2.2.4. Excavation

In autumn 2024, an excavation was conducted in the en-
trance area of the main ditch (Figs. 4 and 8). The excavation
trench, aligned southwest-northeast, measured 16 x 2 m,
witha2.5 x 2 m extension to the north at its centre. It was di-
vided into 2 x 2 m quadrants (see Appendix 1) and excavated
in artificial 20 cm layers, adjusting techniques whenever the
soil colour or substrate changed. The 50 cm topsoil layer
was removed using an excavator.

During excavation, it became apparent that the magnetic
image was slightly offset to the south; the outer edge of the
ditch appeared further northeast than expected. As a result,
its northeastern extent was identified only via drillings, as it
lay outside the trench.

Despite this, both the excavation and drillings con-
firmed that the ditch at the settlement’s entrance measured
approximately 11 m in width and 4.5 m in depth. In upper
layers down to 1.2 m (feature 11), finds primarily consisted
of fragmented pottery and small animal bones. At 1.2 m in
quadrants C-D1,’ a concentration of pottery, larger animal
bones, an unburnt animal-shaped daub object, and a goat
horn were found (feature 14). Below this depth, the quantity
of finds — particularly fragmented animal bones — increased
in quadrants C-D1 and D2, near the outer site of the ditch.
These quadrants also yielded four human bones within fea-
ture 15. In contrast, quadrants E-H1 contained fewer finds,
mostly strongly fragmented pottery. From 1.8 m down-
ward, the soil increasingly included charcoal fragments
(features 14, 15). Feature 9, on the inner trench side, was es-
pecially rich in charcoal, darkening the soil to nearly black.

The excavation reached 2.5-3 m over two weeks but was
halted due to rising groundwater and safety concerns about
the trench walls. Manual drillings with a Pirckhauer auger
revealed that the ditch extended another 2 m deeper. From
1.2 m downward (features 9, 14-15), the soil was loamy and
dark. Drillings DP007 and DP009 showed greyish cultural
layers, likely reduced by groundwater. Cultural layers be-
tween 2.5 and 4 m contained charcoal, small bone fragments,
and daub, all collected for further analysis. At approximate-
ly 4.5 m, the soil changed to a silty yellow loess, marking the
natural subsoil and base of the ditch.

These results indicate that at least one of the main ditch-
es at Opovo was notably large, especially at the entrance.
When compared to similar Neolithic ditches — such as those
at Oreskovica-Seliste (Serbia, 7 m wide, 3.6 m deep; Borié et
al. 2018), Gornea-Caunita de Sus (Romania, 2-2.5 m wide,

3 The excavation quadrants use capital letters and numbers, while
the quadrants in the fieldwalking grid have been assigned small letters
and a number.

0.6-0.7 m deep; Lazarovici 1990, 95), and Bicske-Galag-
onyés (Hungary, 2.9 m wide, 2.8 m deep; Tulok, Makkay
1990, 119-120) - the Opovo ditch stands out in terms of
the scale. However, its inner section remains unexplored,
preventing conclusions about associated features such
as palisades, known from Oreskovica-Seliste (Bori¢ et al.
2018, 338-339). The function of the ditch remains uncer-
tain: it may have served as a settlement boundary, a defen-
sive structure, or protection against flooding in the marshy
environment. Addressing these questions will require fur-
ther site-level investigation alongside broader studies of the
landscape and climate history.

3. Analysis and Discussion

The results of past and recent fieldwork serve as a founda-
tion for re-evaluating the interpretations of the site, as well
as adding further knowledge regarding the settlement’s lay-
out. By integrating surface surveys, geomagnetic surveys,
drilling, excavation, and radiocarbon dating, a more detailed
analysis of the site’s development s achieved. This approach
allows new insights into the settlement’s development, its

demography, and possible social organization at Opovo.

3.1. Radiocarbon Dating and Settlement Development
While Tringham reports one radiocarbon dating on daub
(house 2 dated in the Grocka Laboratory, Belgrade;
3700 + 100 uncalBCE; Tringham et al. 1992, 365), the first
sequence of radiocarbon dates for Opovo was presented by
David Orton, who analysed samples from the bone assem-
blage excavated in the 1980s (Tab. 1; Orton 2012). His study
included 11 samples from the two oldest building horizons
(BH 2 and 3). No dates were available for the youngest hori-
zon (BH 1). David Orton concluded that BH 2 and BH 3
spanned between 4860 and 4780 calBCE (Orton 2012, 21).
A subsequent analysis by Alasdair Whittle et al. incorpo-
rated these dates and added two additional radiocarbon
samples, although the latter were not assigned to a specific
building horizon (Tab. 1; Alasdair Whittle etal. 2016). Their
findings suggest settlement activity began between 4915 and
4840 calBCE (68 %) and ended between 4820 and 4740 cal-
BCE (68 %; Whittle et al. 2016, 20).

Using samples from recent drilling and excavations,
24 new radiocarbon samples were added to the existing 14
(Tab. 1). Most of the new measurements were conducted at
the Kiel AMS Laboratory (KIA), with additional samples
analysed by the Vilnius C14 Laboratory (FTMC). Of the 19
samples collected during the drilling survey, 14 are attribut-
ed to houses, while the remaining five are taken from ditch-
es. The combined dataset of 13 earlier dates by Orton 2012
and Whittle et al. 2016 and 14 new building-related sam-
ples was calibrated and modelled in OxCal (Bronk Ramsey
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Lab. code Context and depth Sample type ]()ua;zil)’ D?;esc:{,]/i?E Reference
KIA-57397 DP001;0.7-0.9 m Charcoal; Cornus 5905 + 35 4885-4703 This study
KIA-57398 DP002; 0.45-0.6 m Bone 5870+ 40 4840-4615 This study
KIA-57393 DP008;2.45-2.8 m Bone 5950 + 40 4936-4723 This study
KIA-57401 DP008; 1.9-1.95m Charcoal; Quercus 5875 + 35 4840-4620 This study
KIA-57402 DP009; 1 m Charcoal; Prunus 5945 + 40 4935-4721 This study
KIA-57394 DP011;1.33-1.36 m | Charcoal; Acer 5945 + 35 4933-4722 This study
KIA-57403 DPO011;1.4-1.55m Charcoal; Quercus 5930 + 35 4902-4716 This study
KIA-57404 DP012;1.23-1.25m | Charcoal; Cornus 5890 + 35 4844-4687 This study
KIA-57405 DP013;0.8-1 m Bone 5935+ 40 49334716 This study
KIA-57406 DP014;1.3 m Charcoal; Acer 5945 + 35 49334722 This study
KIA-57395 DPO015;2.26 m Charcoal; Quercus 5720 + 35 4786—4551 This study
KIA-57407 DP015;1.79-1.82m | Charcoal; amorphous 5820+ 40 4899-4697 This study
KIA-57408 DP015;2.05 m Bone 5910+ 40 48994697 This study
KIA-57413 DP016;1.35-1.53 m | Bone 5895 + 40 4893-4682 This study
KIA-57529 DP016;1.35-1.53 m | Charcoal; amorphous 5970 + 40 4883-4726 This study
KIA-57414 DP020; 0.4 m Bone 5895 + 40 4893-4682 This study
KIA-57396 DP024;0.9 m Bone 5905 + 40 4897-4691 This study
KIA-57411 Profile; 0.3-0.4 m Bone 5885 + 35 4843-4683 This study
KIA-57412 Profile; 0.3-0.4 m Bone 5785 + 35 4721-4542 This study
FTMC-FU35-1 Feature 1 —Level 12 | Charcoal; Fraxinus 5827 + 35 4789-4613 This study
FTMC-FU35-2 Feature 1 —Level 14 | Charcoal; Pomoideae 5888 + 36 4846-4717 This study
FTMC-FU35-3 DP07 (2024) Charcoal; Acer 5768 + 35 4715-4552 This study
FITMC-FU35-4 DP09 (2024) Charcoal; Pomoideae 5728 +35 4682-4501 This study
FTMC-FU35-5 DP07 (2024) Charcoal; Quercus 5959 + 37 4940-4789 This study
CAMS-4411 Feature 41 - 6030 + 60 5205-4730 Whittle et al. 2016
CAMS-4413 Feature 41 - 5990 + 60 5027-4723 Whittle et al. 2016
OxA-21123 Feature 30; BH3 - 5978 + 35 4987-4731 Orton 2012
OxA-21124 Feature 30; BH3 - 6036 + 36 5037-4805 Orton 2012
OxA-21125 Feature 30; BH3 - 5973 £35 49844728 Orton 2012
OxA-21126 Feature 41 (W); BH3 | - 5966 + 36 4946-4726 Orton 2012
OxA-21127 Feature 41 (E); BH2 | - 5921 +35 4898—4713 Orton 2012
OxA-21128 Feature 41 (E); BH2 | - 5926 + 35 4899—4716 Orton 2012
OxA-21129 Feature 45; BH3 - 5963 + 34 4942-4727 Orton 2012
OxA-21130 Feature 45; BH3 - 5972 + 37 49854727 Orton 2012
OxA-21212 Feature 52; BH2 - 5913 + 30 4880—4713 Orton 2012
OxA-21131 Feature 52; BH2 - 5992 £ 39 4996-4786 Orton 2012
OxA-21454 Feature 52; BH2 - 5887 + 36 4845-4681 Orton 2012
Unknown
Geophysical Institute House 2, daub; BH1 | - 5700 + 100 4781-4350 Tringham et al. 1992
Belgrade

Tab. 1. Radiocarbon dates from samples taken during the 1980s excavation, as published in Whittle et al. 2016 and Orton 2012, alongside radio-
carbon samples from the 2022 drilling survey (DP: Drilling Point) and the 2024 excavation. BH indicates the building horizon from which the
1980s samples were taken.
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selementpart | Bvent | JDEIRS | atunan | (aoE) | de(alBE)
Ditch ¢ / Entrance area Start ditch 4887-4795 4948-4732 48554805 4837
(n=38; Agreement =126) | Entrance
End ditch 4701-4615 4716—4528 4680—4655 4650
Entrance
Duration ditch 116-273 27-375 193
Entrance
Opovo area Start area [ 4876—4806 4926—4799 4855-4845 4854
(n=20; Agreement=163) | . . o 4791-4741 48264697 4785-4775 4765
Durationarea I | 18-132 4-211 91
Opovo area I Start area 11 4874-4746 5009-4725 4825-4790 4819
(n=4 Agreement=163) [ o 4782-4692 4828-4560 47404715 4726
Duration area IT | 0-150 0-416 98
Duration 120-266 29-440 200

Tab. 2. Radiocarbon modelling results for the chronological sequence between settlement areas I, II, and the ditch. The modelling was conduct-

ed using OxCal (methodology see Appendix 1, code see Appendix 2).

2009). The new model (Tab. 2) suggests a slightly longer
settlement duration and, in combination with the results of
the magnetic survey, allows for the reconstruction of the
possible settlement history.

The model is based on the location of samples within the
settlement (ditch, settlement areas) and the depth at which
each sample was obtained (Tab. 1). Three key features have
been identified and modelled separately in OxCal (descrip-
tion in Appendix 1, code available in Appendix 2): ditch ¢
and the southwestern entrance area, as well as settlement ar-
eas [and II (Tab. 2). Five datings, which showed weak mod-
el agreement (see Appendix 1), had to be excluded from the
model. Additionally, two older dates with unclear origins
as regards the building horizon (CAMS-4411 and CAMS-
4413) were also omitted. A detailed description and further
illustrations of the model are included in Appendix 1.

The model’s results (see Tab. 2) indicate that settlement
activity at Opovo began between 4876 and 4806 calBCE
(68 %; median: 4854 calBCE) with the construction of
ditch ¢ and the first houses in settlement area I. Settlement
area II was occupied later, at some point between 4874 and
4746 calBCE (68 %; median: 4819 calBCE). The occupa-
tion of area I ended between 4791 and 4741 calBCE (68 %;
median: 4765 calBCE), while area II remained in use until
4782-4692 calBCE (68 %; median: 4726 cal BCE).

The model suggests that ditch ¢ was still at least part-
ly open between 4701 and 4615 calBCE (68 %; median:
4650 calBCE), which is significantly later than the aban-
donment of both settlement areas. This may indicate that

the ditch continued to be filled gradually after the settle-
ment was abandoned and not in one event at the end of the
settlement.

Regarding settlement areas I and II, the data suggests
that the first inhabitants arrived in Opovo during the first
half of the 49" century BCE and left in the second half of the
48+ century BCE. According to the model, the settlement
was occupied for 120-266 years (68 %) with a median of 200
years. Although small proportions of Early Neolithic find
material were collected, no settlement features from that pe-
riod have been found so far, leading to the assumption that
there was not a considerable Early Neolithic settlement in
preceding phases.

Based on the current radicarbon data and the median
values for Opovo, a settlement development scenario can be
reconstructed. Around 4850 calBCE, the Late Neolithic set-
tlement on the loess hill in the floodplain of the Timis River
was founded. The earliest inhabitants built their structures
around the highest point of the hill (area I) and constructed
an enclosure (ditch ¢). Approximately 30 years later, settle-
ment activity expanded beyond the original core, includ-
ing slightly lower-lying locations in the vicinity (area II).
Area I continued to be occupied, leading to the formation
of a multi-layered settlement mound indicated by the three
building horizons discovered by Tringham in area I.

Following the settlement of area II, ditch ¢ appears to
have been partially filled, as magnetic imaging reveals house
structures built over thisanomaly. As ditch c was abandoned

—and no demarcation between areas I and II existed —a new,
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more extensive ditch system (ditches a and b) was likely
constructed around the entire settlement, incorporating
elements of the older ditch ¢ in the southwestern part of
the settlement. Around 4765 calBCE, the settlement began
to decline as houses in area I were abandoned. By approxi-
mately 4726 calBCE, area II was also deserted, marking the
end of the Neolithic occupation of Opovo.

A similar pattern of settlement development and ditch
construction can be observed at other Late Neolithic sites
in the Balkans. In Bordos (Serbia), for example, a flat set-
tlement enclosed by a ditch emerged in close proximity to
the also enclosed tell settlement (Hofmann et al. 2019a). In
Uivar (Romania), settlement dynamics involved phases of
expansion and contraction. Initially, a tell settlement with
an enclosing ditch was established, and in later phases, a
surrounding and flat settlement developed around this set-
tlement nucleus, also enclosed by a ditch (Drasovean et al.
2017; Schier, Dragovean 2020). Over time, various modifi-
cations were made to the ditch system. In Okoliste (Bos-
nia and Herzegovina), continuous changes in both the set-
tlement layout and the ditch system can also be observed.
However, in this case, the settlement gradually shrank,
leading to the successive adaptation of the ditch system and
finally the abandonment of the settlement (Miiller, Rass-
mann, KujundZi¢-Vejzagi¢ 2013, 41-50).

While the sequence of ditches at Opovo in particular
seems plausible based on the recent results, at the current
stage of research, the precise relationship between the indi-
vidual ditches remains unclear. Specifically, the integration
of ditch d and e into the settlement development needs in-
vestigation. Furthermore, the abandonment of ditch ¢ and
the construction of ditches a and b cannot yet be dated due
to the lack of radiocarbon data from ditches a and b.

An attempt was made to apply the pseudo-neglect
model (Hofmann, Miller-Scheefiel 2020; Miiller-Scheef3el
et al. 2020) as a possibility for obtaining a more refined
sequencing of houses within the individual settlement areas
of Opovo. This approach was particularly relevant since
Robert Hofmann and Nils Miiller-Scheeflel, using data from
Ruth Tringham, identified a slight shift in house orientation
over Opovo’s entire occupation period. However, their
analysis was based on only four houses. With the currently
available dataset of 11-14 dated houses, their findings
cannot be confirmed.

No conclusions can be drawn regarding the presence or
absence of pseudo-neglect. The only observable trend is that
houses dated after 4800 calBCE exhibit a slight tendency
toward a north-south orientation (4850-4800 calBCE: 36°;
4800-4725 calBCE: 33°). However, this subtle shift cannot
be statistically validated.

In addition to the still limited number of dated houses,
several sample-specific factors may contribute to the incon-
clusive results regarding parts of the site chronology. These
include potential shifts within the sediment cores, old wood
and reservoir effects, or secondary sample intrusions caused
by factors such as animal activity or sedimentation. Expand-
ing the drillings to more parts of the settlement, as well as
conducting targeted excavations of ditches and houses on
top of ditches would improve the current model of settle-

ment development.

3.2. Society and Demography

With a chronological model for Opovo established, we can
now explore broader social and demographic questions.
One important topic is estimating the population through-
out the settlement’s lifespan. Two lines of reasoning inform
this analysis: the volume of the ditches and population de-
velopment models, which are based on a set of assumptions.
Further, based on the magnetic anomalies of possible houses
and the surface finds, the social structure within the settle-
ment will be discussed.

3.2.1. Demography

3.2.1.1. Ditch Volume

We begin with the volume of the five ditches revealed by the
geomagnetic imaging in Opovo (see Figs. 2-3). The ditches
range from 230 to 1,100 m in length and have widths varying
from 3 to 11.5 m. Drilling and excavation give some indica-
tion about the depth of ditches at certain points, although
it is important to mention that ditches might have varying
depths throughout their course and often underwent sev-
eral episodes of recutting and improvement. However, the
depths derived from our field data serve as an indication of
the depth, width and length range into which the respective
ditches fall. Our field data shows that at least the inner ditch
(ditch ¢) and possibly one of the outer ditches (ditch b) reach
depths of 3 to 4.5 m. Excavation data suggest that the shared
southwestern section of ditch b and c is generally U-shaped,
although the possibility of V-shaped sections within the
profile remains. Further, due to their partly shared course,
deriving the workload for ditches b and ¢ might be regarded
as impossible. As with the variability in depth and width,
the workload calculation undertaken in the course of this
study serves the purpose of giving an indication of a range
of the extent of work necessary to build the ditches. While
the ditches do not exhibit a uniform width and depth, it is
possible to estimate their minimum and maximum volumes
based on the available measurements. Two scenarios have
been considered (for the methodology, see Appendix 1):
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®  Minimum Scenario: The ditches are V-shaped, with
the minimum widths listed in Appendix 1 and a depth
of 3m.

e Maximum Scenario: The ditches are nearly rectangu-
lar, with the maximum widths indicated in the Ap-
pendix 1 and a depth of 4.5 m.

e By considering a labour cost of one day (8 hours)
per person to excavate 1 m? with simple tools (Vin-
ci, Vanzani 2025, 11-12), the construction of the five
ditches at Opovo would require an estimated 17,000
to 176,000 person-days. For a population of 200 in-
habitants, this equates to 85 to 879 days of work if
everyone participated. Similarly, for a population of
500 inhabitants, the construction would take approx-
imately 34 to 352 days.

With a population of 200 individuals, assuming that each
person contributed to the construction, the digging of
ditch ¢ would have taken between 13 and 134 days, whereas
with 500 individuals, the process would have taken approx-
imately 5 to 54 days. For ditches a and b, the effort required
is estimated at 63 to 672 days for 200 people and 25 to 269
days for 500 people.

Given that other Neolithic ditches in the region are
typically more V-shaped (Bori¢ et al. 2018; Hofmann et al.
2025b), we can reasonably assume that most ditches align
more closely with the Minimum Scenario. However, our
excavations and drillings indicate that U-shaped or even
mixed-profile ditches are also possible. As a result, while
the workload estimates span a broad range, they consis-
tently suggest that, even under the Minimum Scenario, a
substantial population would have been required to com-
plete the ditch digging within a practical time frame. This
is especially true considering that the calculations are based
on the assumption of full-time labour (8 hours per day). In
reality, work on the ditches was likely restricted to specific
time windows. It would have been strongly shaped by how
much labour a community could divert from other essen-
tial tasks (c.f. IGZA 2023, 69-72) and further constrained
by seasonal weather conditions. The estimates given above
should therefore be understood as illustrative, highlighting
the substantial effort required to construct and maintain a
multi-ditch system.

As for the sequence of construction, it can be assumed
from the radiocarbon model above that ditch ¢ was con-
structed at the beginning of the settlement, while ditches a
and b were established at a later stage. The smaller ditches,
d and e, cannot yet be integrated into the sequence and are
therefore not considered in detail here.

3.2.1.2. Site Size and Population Modelling

Opovo was traditionally regarded as a relatively small Vinéa
site, estimated at approximately 5 ha. In the past, Tringham
reconstructed the settlement as consisting of up to ten si-
multaneous households at any given time (Tringham et al.
1992, 381-382; Tringham 1994, 189-190), describing it as a
‘small hamlet’ (Tringham 1992, 141). This aligns with John
Chapman’s population estimates for sites between 4 and
4.9 ha, which range from 200 to 500 inhabitants (Chapman
1981, 48-50). Tringham further estimated the settlement’s
duration at about 200 years, corresponding to five to sev-
en generations of inhabitants.

The magnetic survey in particular has reclassified Opo-
vo as a medium-sized Vinca settlement with a revised area
of approximately 9.4 ha. The survey revealed between 180
and 220 potential houses in the magnetic imagery. While ra-
diocarbon dating confirms a settlement duration similar to
previous estimates (Orton 2012; Whittle et al. 2016), the sig-
nificantly larger site size implies a much greater population
over its five to seven generations or across its three building
phases, as inferred from the 1980s excavations.

It is likely that the up to 220 houses visible in the mag-
netic survey represent only a minimum estimate (for rea-
sons described above). The total number of houses over the
settlement’s lifetime was likely much higher. Traditional
methods for the calculation of population sizes use ethno-
graphic data, such as household size (4-5 inhabitants per
household; Diachenko, Zubrow 2015, 8) or population den-
sity (one inhabitant per 6-10 m% Por¢i¢ 2012, 171; Poréié,
Nikoli¢ 2021, 479). Applying these methods to the 180 to
220 identified houses yields a total population estimate of
842-1,960 inhabitants. However, these approaches often do
not consider several settlement phases or different models
of population development and are thus outdated.

A more dynamic probabilistic approach introduced
by Marko Por¢i¢ and Mladen Nikoli¢ uses logistic growth
models to simulate population changes over time (Por¢i¢,
Nikoli¢ 2021). This method considers variables such as the
starting population, carrying capacity, settlement duration,
growth rates, and household size (see Appendix 1, code
available in Appendix 2). Two scenarios were modelled for
Opovo:

e Model 1 (Rapid Abandonment): Population grows
logistically until rapid abandonment.

e Model 2 (Gradual Abandonment): Population grows
initially, but decline or gradual abandonment sets in
midway through the settlement’s lifetime.

Both models were validated against constraints which are
described in detail in Appendix 1. After 1 million simula-
tions, valid results provided potential population estimates,
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growth rates, and possible settlement duration ranges (de-
tailed results in Appendix 1). Given that extreme minimum
and maximum values are unlikely scenarios, the 25% and
75" percentiles were used for interpretation.

e Model 1 (Fig. 9; Appendix 1: Figs. 1-4): The initial
population is between 158 and 283 inhabitants (medi-
an: 216), and the population peaks at 346711 inhab-
itants (median: 481) before the rapid abandonment
of the settlement. The interquartile range (IQR) of
the settlement duration of the valid iterations ranged
from 166 to 273 years (median: 210 years), and the
median growth rate is 0.04. A total of 4989 out of
1 million simulations matched the constraints.

*  Model 2 (Fig. 10; Appendix 1: Figs. 5-9): The initial
population is between 167 and 293 inhabitants (me-
dian: 226), and the population peaks at 349-581 in-
habitants (median: 449) before being gradually aban-
doned. The interquartile of the settlement duration of
the valid iterations ranged from 269 to 376 years (me-
dian: 323 years). The median growth rate is 0.04, and
the median negative growth rate -0.07. A total of 8676
out of 1 million simulations matched the constraints.

These findings suggest that the population at Opovo like-
ly ranged from 158 to 293 inhabitants at its lowest and 346
to 711 inhabitants at its peak. Further, the models suggest
a settlement duration between 166 and 376 years, possibly
suggesting a slightly longer duration than the radiocarbon
model based on the median values.

3.2.2. Spatial Organization

Observations regarding the spatial organization based on
the magnetic image reveal two key features. First, anom-
aly-free areas between the house anomalies suggest the
presence of plazas, which, due to their central location (see
Fig. 4; north of DP001 and around and south of the box ‘old
excavation’), might have served as communal spaces. Similar
features have been observed in other Late Neolithic settle-
ments of the region too (Rassmann et al. 2021a; Hofmann et
al. 2025a, 150). The row-like pattern and grouping of house
anomalies further suggests the presence of social subunits
(see Fig. 3); however lacking more conclusive stratigraphic
and chronological data, this remains hypothetical.

Second, the absence of buildings outside the enclosed
area suggests an inclusive settlement society. As outlined in
aprevious chapter, the enclosure system was expanded after
the abandonment of the initial inner ditch c. This expansion
likely took place in response to population growth, simi-
lar to other Late Neolithic sites (Schier, Drasovean 2020,
551-558; Hofmann etal. 2025a, 149-150). It appears that the
initial and the expanded ditch system included every house

and, by implication, every member of the community. This

would lead to the interpretation that there was no pro-
nounced residential differentiation, in contrast to patterns
documented at other Neolithic settlements (Chapman,
Gaydarska, Hardy 2006, 29-33; Wunderlich et al. 2020).

The inclusive character of ditches in general has been
discussed by DuSan Bori¢ and colleagues (Bori¢ et al. 2018,
344-345). They highlight the communal labour involved in
creating and maintaining the ditch system as a [...] power-
ful and cohesive social bond in creating and maintaining a
sense of belonging for groups who identified with particular
settlements’ (Bori¢ et al. 2018, 345).

3.2.3. Social Organization

Given the likelihood of such a high number of inhabitants,
we have to expect site-internal social structures facilitat-
ing collective decision making and organizing subgroups
within the site. This could have involved hierarchical or
heterarchical structures. What we want to explore further
is to what degree there was material wealth inequality and
to determine whether it may have reached an unsustainable
level, potentially contributing to the site’s abandonment.
In the following, we investigate house sizes as a marker for
intra-settlement material wealth inequality. Doing so, we
have to stress again that it is likely that the up to 220 houses
visible in the magnetic survey represent only a minimum es-
timate due to underrepresentation of deep or slightly burnt
house structures. However, the houses present in the mag-
netic image most likely provide a representative transect of
the house sizes of the settlement throughout its lifetime.

The house anomalies based on the magnetic image are
used to analyse the size and orientation of buildings in
Opovo (measurements in Appendix 1). The median width
of houses is 5 m (IQR: 4.3-5.6 m) and their median length
8.6 m (IQR: 7.5-9.2 m). The buildings size ranges from 19
to 111 m? in size, with a median size of 44 m2 (IQR: 34.9-
55.7 m?), which is well within the range of Vinéa (Hofmann
et al. 2025a) and in general Late Neolithic houses (Lichter
1993; Brami 2021).

Apart from the median angle (total settlement: 41.9°),
there are no clear differences in the width, length or area
of houses between settlement areas I and II. As indicated
above, the angle of houses shifts only slightly when consid-
ering the radiocarbon dated houses (36°-33°). Considering
settlement areas, houses in the earlier starting settlement
area I show a median angle of 42.4° (IQR: 34.2°-51°), while
houses in settlement area II have a median angle of 38.6°
(IQR: 21.4°-54.8°).

Using the Gini index (methodology in Appendix 1) —a
well-established measure of wealth inequality ranging from
0 (maximum equality) to 1 (maximum inequality) —on house

sizes enables analysis of material wealth inequality (Kohler
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simulations of the Rapid Abandonment Model
(Model 1) (F. Wilkes with R ggplot2).
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etal. 2017; Poréi¢ 2019; Kerig et al. 2022; Duffy et al. 2025).
This is because, as essential spaces for storage, living, and
work, the size of houses can often be constrained by the ma-
terial wealth available to their builders. Beside the mere con-
struction costs of the houses, the size also includes informa-
tion regarding the number of people that might have lived
init (workforce) and the number of resources that could po-
tentially have been stored in it, expressing potential wealth
disparities in a multi-faceted way. However, since houses
by their nature have certain architectural requirements and
limitations (no possibility for negative or zero-values; de-

pendent on measures of building resources like tree width/

ulations of the Gradual Abandonment Model
(Model 2) (F. Wilkes with R ggplot2).

400

length) and that our magnetic record only shows the final
moment of a house’s life cycle, it is important to mention
that house size-based inequality analysis constitutes an ap-
proximation of a society’s social disparities.

In Opovo, the house size-based Gini index is 0.22,
which is slightly below the average Gini index for Neolithic
sites in the Carpathian Basin (Duffy et al. 2025). The Gini
index can therefore be considered relatively low. This be-
comes evident when comparing it to house size-based Gini
indices from a global and historical perspective (Kohler et
al. 2017; Basri, Lawrence 2020) or to those of modern so-
cieties (World Bank 2025). Furthermore, comparing house
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Fig. 11. Possible settlement development of Opovo Ugar-Bajbuk based on radiocarbon analysis. Ditches (brown) are phase-specific, while

houses (orange) are shown schematically due to the unclear chronology. In phase A (~4850 calBCE), the site was enclosed by ditch ¢. By
phase B (~4820 calBCE), ditch ¢ was abandoned, the settlement expanded, and ditches a and b were built (F. Wilkes).

size inequality between the two settlement areas, area I has
a slightly higher Gini index of 0.23, while area II shows a
lower value of 0.19.

One might argue that, due to the uncertainty surround-
ing the contemporaneity of individual houses, the calculat-
ed Gini indices are of limited interpretative value. However,
if the structures visible in the magnetic image are assumed
to represent a reasonably unbiased sample of all houses that
existed at the site over time, it becomes possible to assess
the potential variability of inequality. To explore this, we
randomly sampled between 10 and 100 house size values
from the full dataset of house sizes, repeated 500 times — as
indicated by Monte Carlo error estimation (methodology
and results see Appendix 1). This approach produced 500
hypothetical house groupings, each representing a plausible
composition of contemporaneous dwellings. For each sam-
pling run, a Gini index was calculated, resulting in a median
value of 0.22 with an interquartile range from 0.20 to 0.23.
Even the maximum observed Gini value of 0.3 remains rel-
atively low. These results suggest that, at any given point
during the site’s occupation, disparities in house size, and by
implication house-size-based material wealth, were modest,
indicating a generally low level of socioeconomic inequality
within the settlement.

4. Social Structure of Opovo
By combining radiocarbon modelling, demographic data,

and inequality studies, we set out a model of the society of

Opovo. Population estimates and ditch sizes point to a more
complex form of social organization. Constructing ditch-
es a, b, and ¢ required a significant investment of labour.
This suggests that a considerable founding population was
present, likely increasing over time. Its growth would have
enabled the filling of ditch c and the construction of ditches a
and b by a sufficiently large society, as well as creating the
need for an expansion of the settlement area. Furthermore,
such large-scale construction required social coordination
for both building and maintenance of the ditches.

While ditches are common in Late Neolithic settle-
ments throughout the region (Crnobrnja, Simi¢, Jankov-
1¢ 2009; Peri¢ et al. 2016; Hofmann et al. 2019a; Rassmann
et al. 2021a), the ditches at Opovo are particularly large.
Their construction and maintenance would have required
significant communal effort and certain degrees of social
structuring.

Studies suggest that once communities surpass approx-
imately 150 members, increasing social structuring is often
required to mitigate scalar stress. If such structuring is not
implemented, social groups may fragment (Johnson 1982;
Alberti 2014). Therefore, population estimates have impli-
cations for social organization, stratification, and inequal-
ity. Gregory Johnson identifies increasing group size as a
driver of ‘scalar stress’ (Johnson 1982), while Gianmarco
Alberti calculates that scalar stress significantly impacts
societies at population thresholds of 122-170 individuals
(Alberti 2014). Archaeological and anthropological studies
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(Bandy 2004; Parkinson 2006; Porci¢ 2012; Porci¢ 2019;
Ellyson 2022) show correlations between the size of the
population and levels of social stratification. Opovo’s pop-
ulation size of well over 150 at its peak likely required the
implementation of structured forms of decision making and
within-group differentiations of subgroups, which could be
organized horizontally or vertically.

However, analyses of significantly larger settlement
agglomerations than Opovo (Hofmann et al. 2019b; Green
2021; Hodder 2022; Hofmann, Miiller-Scheeflel, Miiller
2024) challenge the widely held assumption that larger
populations necessarily require hierarchical stratification
(Johnson 1982). Non-hierarchical forms of social organi-
zation, such as heterarchy (Crumley 1995) or segmental
organization (Sigrist 2004), should also be considered. The
construction, maintenance, and organization of up to five
enclosures suggest the presence of a social system capable
of coordinating large-scale communal labour. However,
given the absence of effective coercive mechanisms (Lund,
Furholt, Austvoll 2022; Furholt in press), such projects
were likely collaborative endeavours rather than top-down
initiatives, potentially serving to strengthen group cohesion
(Duffy et al. 2025). In this context, the ditches, which en-
closed all parts of the settlement in both the early and later
phases, suggest an inclusive society with no excluded settle-
ment areas or houses. Likewise, the presence of open spaces,
or plazas, within the settlement might be a further sign of
communal organization.

To underpin this and as discussed above, house size dif-
ferences do not indicate a significant potential for material
wealth inequality within the settlement.

To sumup, given the considerable population size, some
form of social structuring would have been necessary. Fur-
ther observations regarding the social structure are the size
and sequence of the ditches, which required continuous
communal effort, as well as the spatial layout, in which ev-
ery building was integrated into the ditch system and there-
by protected. Together with the low level of material wealth
inequality based on house size, these factors suggest that
Opovo, showing modest material differentiation in built
space consistent with low inequality, might even have been a
largely egalitarian society. Based on these observations, the
abandonment of the settlement most likely was not caused
by material wealth disparities.

5. Conclusions

Recent investigations at Opovo Ugar-Bajbuk, building on
excavations from the 1980s, have substantially revised our
understanding of Opovo’s development and structure. Ear-
lier research had suggested a settlement of approximately
5 haand a population of around 200 people, based on a small

set of radiocarbon dates placing occupation of the site be-
tween 4860 and 4780 BCE (Tringham et al. 1992; Tringham
1994; Orton 2012). These interpretations framed Opovo as
either a small agricultural hamlet or a modestly active cen-
tre of the regional trade networks (Russell 1993; Borojevié
2006; Mari¢ 2015; Mili¢ 2016).

New research conducted between 2022 and 2024 has
more than doubled the estimated site size to 9.4 ha, iden-
tified up to 220 house structures, and raised the peak pop-
ulation estimate to up to 711 inhabitants. These findings,
coupled with updated radiocarbon analysis, suggest contin-
uous occupation from approximately 4850 to 4725 BCE -
slightly extending the known lifespan of the site. In addition
to identifying a more complex enclosure system, geomag-
netic surveys have revealed an internal spatial organization
that points to dynamic changes in the settlement layout over
time.

Obur first research aim was to trace the physical and de-
mographic development of Opovo (Fig. 11). Early occu-
pation was concentrated within a roughly 4.3 ha area (set-
tlement area I), enclosed by ditch ¢ in around 4850 BCE.
Expansion into a larger area (area II) occurred around
4820 BCE, coinciding with the partial infilling of ditch ¢
and the construction of larger ditches (a and b). This expan-
sion implies at least subtle population growth and a need for
structural reorganization. Radiocarbon dating suggests that
the settlement remained occupied until at least 4725 BCE,
after which it was abandoned. The environmental, econom-
ic, or social reasons for this abandonment are still unclear.

The second research question addressed how society at
Opovo was structured. The analysis of house size data sug-
gests a relatively low material wealth disparity. House size
analysis using the Gini index (median: 0.22) indicates low
inequality in material wealth. This implies that economic
differentiation existed but did not result in significant so-
cial stratification and likely played only a minor role. The
construction of up to five ditches points to a well-organized
community capable of coordinating large-scale labour ef-
forts. However, the absence of evidence for coercion implies
that these efforts were cooperative rather than hierarchical.

While we have expanded the already impressive body
of research on Opovo Ugar-Bajbuk, several questions re-
main open for future investigation. One key question is the
precise sequence of ditch construction and its implications
for settlement expansion. Additionally, further research on
the spatial organization of production activities could shed
light on the social structure and the nature of specialized
crafts within the settlement. Building on the findings of our
German-Serbian collaboration (Stankovié¢ PeSterac 2024),

a broader regional comparison with other Late Neolithic
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sites is essential to understand better Opovo’s role within
exchange networks and regional settlement patterns.
Overall, our research has led to a reassessment of Opo-
vo, identifying it as a medium-sized Vinca settlement. These
new insights refine previous interpretations, reinforcing its
characterization as an organized community with a rela-
tively low level of social inequality. It is important to note
that our approaches to assessing the demography, chronol-
ogy, and social structure are often based on assumptions,
which are well justified and based on field and laboratory

data (Appendixes 1 and 2). So far, our quantitative study of

12.7

inequality has been limited to material wealth as indicated
by house size. However, based on observations of the ditch
system, surface finds, and spatial organization, we assume
that our conclusions regarding social inequality will not
be significantly changed when analysing other domains of
wealth, such as relational or embodied forms (Borgerhoff
Mulder etal. 2009). Nonetheless, this remains an open ques-
tion, that future research must address. Upcoming studies
and fieldwork will contribute to a deeper understanding of
the social structure, settlement development, and Opovo’s

role within the broader Late Neolithic landscape.
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Pl 1. Surface finds from
«  Opovo.-1-3,5. Vinéa Culture
pottery (Vinéa C-D); 4. Early

Eneolithic pottery; 6-7. Sar-
10 cm matian pottery.
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Pl. 2. Surface finds from Opovo. - 8-9, 11-12, 14. Vinca Culture pottery (Vinca C-D); 10. Staréevo Culture pottery; 13. Bronze Age pottery.

0 5cm

Pl 3. Special surface finds from Opovo. — 15-17. Clay object interpreted as a bucranium or zoomorphic sceptre element; 18. Figurine arm or
fragment of an anthropomorphic vessel.
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