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Abstract: In historic and prehistoric populations, the sex ratio can often only be determined based on bio-
archaeological analyses of cemeteries. In this context, a so-called female deficit has been described, which 
clearly contrasts the sex ratio typical of recent populations. The present study aims to analyze the sex ratio 
in the eastern cemetery (‘Gräberfeld Ost’) of the Roman town Ovilava. This site is located beneath today’s 
city of Wels in Upper Austria (AUT), in the northwestern region of Noricum. Spatial as well as chronologi-
cal aspects of the sex ratio were considered. A total of 111 individuals older than 15 years could be included 
in the analysis. Radiocarbon dating allowed a chronological classification of the burials. In addition, a spa-
tial analysis of the cemetery was carried out using a geoinformation system. For the whole sample, a sex 
ratio of 200.0 and a marked female deficit were recorded. Considering the individual age classes and the 
periods separately, an apparent female surplus emerged among individuals younger than 20 years (sex ratio 
= 62.5). With increasing age class, the proportion of females reduced dramatically; among the over 40-year-
olds, the sex ratio was 370.0. There was also an apparent female deficit in the Early Roman and Imperial 
Roman Periods but an almost balanced sex ratio in the early Middle Ages. Furthermore, the sex proportion 
varied between the cemetery areas. Consequently, a female deficit occurs mainly during Roman times and 
in specific areas of the burial ground. 
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Introduction

In 1662, the English businessman John 
Graunt (1620–1674) published the first 
detailed descriptive analysis of the nu-
merical ratio of male to female newborns. 
His analysis of the sex ratio of baptized 
children in London revealed a  signifi-
cantly higher number of male newborns 
than female ones (Greuch 2020). This 
observation of a  numerical preponder-
ance of male infants was confirmed by 
both the English mathematician John 
Arbuthnott (1667–1735) and the Ger-
man demographer Johann Süßmilch 
(1707–1767) (Greuch 2020). On the oth-
er hand, Charles Darwin (1809–1882) 
postulated a 1:1 ratio of male to female 
individuals in a natural population (Dar-
win 1871). This assumption was later 
adopted by Ronald Fisher (1890–1962), 
whose theory of a  male-to-female ratio 
of 1:1 became known as Fisher’s prin-
ciple as an evolutionarily stable strategy 
(Greuch 2020). All these observations are 
related to the so-called secondary sex ra-
tio, the numerical sex ratio at the time of 
birth or the neonatal period (Chao et al. 
2019; DÁlfonso et al. 2023). In addition 
to the secondary sex ratio, the primary 
sex ratio is also defined as the numeri-
cal ratio of chromosomally female (XX 
constellation) to chromosomally male 
(XY constellation) zygotes at the time of 
conception. However, this primary sex 
ratio cannot be examined in demograph-
ic analyses (James 1987).

Currently, in populations without 
prenatal selection favoring one sex, 
a  secondary sex ratio of 103–105 male 
newborns per 100 female newborns 
is observed (Hobbs 2004). However, 
a  marked female deficit is observable 
in populations with prenatal selection 
against female offspring (Sharma et  al. 

2017). Following the neonatal period, 
which concludes on the 42nd day post-
birth, the tertiary sex ratio becomes es-
tablished. As individuals age, this ratio 
gradually shifts in favor of the biological 
female sex. Throughout adolescence and 
in the majority of human populations, 
males tend to exhibit higher mortality 
rates compared to females within the 
same age group. This discrepancy per-
sists even after accounting for causes of 
death specific to females, such as child-
birth-related fatalities. The higher mor-
tality among males can be attributed 
to both natural factors, including heart 
attacks, strokes, and cancer (which ac-
count for the majority of deaths), as well 
as violent causes like homicide and war-
fare (Kruger and Nesse 2004). Conse-
quently, females generally enjoy a longer 
life expectancy due to these factors. The 
low status of the female gender, howev-
er, increases female mortality rates and 
contributes in this way to an imbalance 
between the sexes and may lead to a fe-
male deficit, even today (Coale 1991). 
Consequently, the sex ratio (SR) varies 
considerably around the world, from 
a dramatic male surplus in states such 
as Qatar (SR=266), the United Arabian 
Emirates (SR= 228.2) or Bahrain (SR = 
163.8) to an apparent female surplus, as 
in the successor states of the former So-
viet Union such as Georgia (SR= 88.7), 
Lituania (SR=88.4), Russia (SR=86.7), 
Lativa (SR=86.7), Ukraine (86.2), Bela-
rus (SR=85.5) and Armenia (SR=81.9) 
(UNO 2022). These differences can be 
biological-medical but also ecological, 
sociocultural, political-historical, or 
economic (Heshketh and Xing 2006).

A  particular challenge is the recon-
struction of the sex ratio of historical 
populations. On the one hand, written 
sources can be used; on the other hand, 
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if written sources are unavailable, bi-
oarchaeological analyses of cemeteries 
are the only way to reconstruct the sex 
ratio among historical and prehistorical 
populations. In the case of bioarchaeo-
logical, i.e., osteological analyses, only 
the tertiary sex ratio of juvenile or adult 
individuals can be determined with mac-
roscopic-morphological methods since 
sex-typical features on the skeleton only 
develop with the hormonal changes of 
puberty (Schaefer et  al. 2009). Some-
times, however, a  purely morphological 
sex diagnosis is impossible due to a poor 
state of preservation or an indifferent 
combination of features (White and Folk-
ens 2005). Although there are limits to 
osteological analysis, bioarchaeological 
analyses often reveal an astonishing phe-
nomenon that stands in marked contrast 
to observations of recent populations:

In numerous studies, a  conspicuous 
surplus of male-classified adult individ-
uals was reported (Schott 1964; Häussler 
1969; Weiss 1972; Caselitz 1981; Wit-
twer-Backofen 1987; Volk and Büchner 
1995), a finding that led to an assump-
tion – rarely critically questioned – of 
a  general female deficit in archaeologi-
cal series (Kemkes-Grottenthaler 1997). 
This situation led to the point that if no 
female deficit was found, this finding 
was interpreted as a  methodological ar-
tifact (Schott 1964; Kunter 1991). The 
female deficit in bioarchaeological series 
remained a mystery, although more than 
25 years ago, Ariane Kemkes-Grotten-
thaler (1997) presented a critical analysis 
of possible explanations of this phenom-
enon. She discussed the importance of 
methodological problems in diagnosing 
sex on the skeleton, the focus on selected 
samples such as monastery cemeteries, 
poorhouses, or slave cemeteries (Weiss 
1972; Caselitz 1981), but also sex-typ-

ically varying mortality patterns, or the 
theory of sex-differentiated parental in-
vestment according to Trivers and Wil-
lard (1973).

In recent years, however, descriptions 
of a general female deficit have been in-
creasingly critically questioned, and vari-
ous explanatory models have been postu-
lated. Mostly, methodological problems 
in morphological sex estimation result-
ing in the benefit of male classifications 
are reported (Weiss 1972). White and 
Folkens (2005) discussed artifacts, such 
as misclassification by using only skull 
elements for sex determination and the 
problem of sex determination among ju-
venile individuals. Other studies yielded 
no significant differences in the preserva-
tion between male and female skeletons 
(Stojankowski et  al. 2002; Walker et  al. 
1988). Cintas-Peña and Herrero-Corral 
(2020), who reported the apparent male 
surplus at 62 prehistoric sites on the 
Iberian Peninsula from the 8th to the 3rd 
millennium BC, discussed – but finally 
rejected the interpretation that a possibly 
poor state of preservation of female skel-
etal remains or the complete destruction 
of the smaller and more delicate female 
bones, might lead to the impossibility of 
a correct sex diagnosis. 

However, a male surplus is not only 
described for prehistoric cemeteries; 
early and late medieval samples from 
Italy (Barbiera et al. 2017) and medieval 
England (Bardsley 2014) also suggest 
a clear male surplus. In contrast, a bal-
anced sex ratio is described for Late An-
tique Italy (Barbiera et al. 2017). Again, 
this finding contrasts with an apparent 
male surplus or female deficit described 
for numerous Roman burial sites in 
Austria (Lebzelter 1935; Ehgartner 
1947; Kloiber 1957, 1962; Pichlmayer 
1972; Neugebauer 1987; Wiltschke and 
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Teschler-Nicola 1991; Berner 2014; 
Marschler 2013), Germany (Ziegelmay-
er 1979; Wahl 1988), and Switzerland 
(Brunner 1972), but also in the former 
Yugoslavia (Mikic 1984). A female sur-
plus, on the other hand, is documented 
much more rarely (Pail 2009; Schweder 
and Winkler 2004). These very unbal-
anced gender relations of the Roman pe-
riod skeletal series, however, are rarely 
subjected to a  critical analysis. There-
fore, the present study aimed to analyze 
and interpret the sex ratio of the Ro-
man and early medieval inhumations 
at the eastern cemetery (‘Gräberfeld 
Ost’) of Ovilava, now known as Wels, 
in present-day Upper Austria (AUT). 
For the first time at this crucial urban 
Roman site, we applied a  state-of-the-
art archaeothanatological approach. 
This attempt integrates bioarchaeo-
logical, spatial archaeological, and so-
cial archaeological methods. Since the 
analysis of the sex ratio is based on the 
morphological analysis of the skeletal 
features, only the biological sex is con-
sidered in the present study.

For this purpose, the following hy-
potheses were tested:
1.	 The cemetery of Ovilava shows a fe-

male deficit.
2.	 The sex ratio of the cemetery of 

Ovilava varies depending on the bur-
ials’ chronology and the burial areas’ 
spatial patterns.

Material and methods 

The site Ovilava – archaeological 
background 

For around 500 years, between the ends 
of the 1st cent. BC and the 5th cent. AD, 
the southeastern Upper Danube River 

Basin (sUDRB) (Fehér et al. 2015; Som-
merwerk et al. 2022; Stagl and Hatter-
mann 2015; Zoboli et  al. 2015), com-
prising roughly the Roman provinces 
of Noricum and Pannonia, was under 
Roman rule and part of the Imperium 
Romanum (Hagmann 2019). System-
atic civil settlement activities in No-
ricum emerged traceable from the 2nd 
half of the 1st cent. AD onwards, along 
the border zone next to the Danube 
river, known today as the UNESCO 
World Heritage site ‘Danube Limes,’ 
but called ‘ripa Norica’ in ancient 
times (Hagmann 2019, 2022, 2023). 
The Roman town of Ovilava/Ovilavis 
(coordinates: 48.1575°, 14.026667° 
[EPSG:4326 WGS 84; https://epsg.
io/4326]), which today can be found in 
the urban area of ​​the city of Wels in Up-
per Austria (AUT), was located in the 
northwestern part of Roman Noricum 
(resp., in late antiquity, Noricum rip-
ense), around 20 km south of the river 
Danube. Throughout hundreds of years 
of Roman settlement, Ovilava nev-
er served as a military camp near the 
Danube limes. Instead, it consistently 
functioned as a civilian and economic 
center in the hinterland of the frontier 
zone. Consequently, the inhabitants of 
Ovilava were mostly not active soldiers 
but mainly civil traders, craftsmen, and 
other kinds of workers, which likely 
originated from Norcium and adjacent 
regions. Nevertheless, some may also 
be migrated from other parts of the Ro-
man Empire, such as North Africa, to 
this area near the Danube limes (Anto-
nio et al. 2022) (Figure 1).

Currently, there is no archaeological 
evidence of any older, i.e., pre-Roman, 
settlement in this region. The first trac-
es of a Roman settlement preceding the 
urban place can be assumed in the 2nd 

https://epsg.io/4326
https://epsg.io/4326
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half of the 1st cent. AD and can be possi-
bly thought of as a rural vicus (roadside 
settlement). In the area of Ovilava, the 
east-west running trunk road that con-
nected, e.g., in the 2nd cent. AD, the Ro-
man town (municipium) and legionary 
fortress (castra legionis) Lauriacum (to-
day Enns, AUT) and the town (municip-
ium) of Iuvavum (today Salzburg, AUT), 
as well as the road that led from the su-
pra-regional trading hub Aquilea in to-
day’s northern Italy over the Alps to the 
military camp (castellum) of Boiodurum 
(today Passau, GER), crossed each other. 
The favorable location at the intersec-
tion of two critical roads suggests that 
Roman Ovilava established itself as an 
important administrative, infrastructur-
al, and economic node in the province 

of Noricum. At the beginning of the 2nd 
cent. AD, when the whole region was 
at its height, Ovilava received Roman 
city rights during the reign of the Ro-
man emperor Hadrian (76–138 AD) and 
became municipium Aelium Ovilava. 
During the second half of the 2nd  cent. 
AD Ovilava seemingly remained un-
troubled by the Marcomannic wars. 
Ovilava was finally raised to Colonia 
Aurelia Antoniniana during the reign of 
Caracalla (211–217 AD), and town for-
tification walls were erected during the 
3rd cent. AD. During the late-antique 
administrative reforms, e.g., by Diocle-
tian (284–305 AD), Ovilava probably 
became the capital of the new province 
of Noricum ripense. (Miglbauer 2002, 
2014, 2015) 

Fig. 1. Spatial location and extent of the Roman town of Ovilava and the eastern cemetery (‘Gräberfeld Ost’) 
in former northwestern Noricum, situated within the area of modern-day Wels in Upper Austria (AUT)
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A  long-lasting polycrisis, resulting 
from epidemics like the ‘Antonine plague’ 
in the late 2nd cent. AD or the ‘plague of 
Cyprian’ in the mid-3rd cent. AD, climat-
ic changes with the end of the Roman 
Climate Optimum (RCO) and the begin-
ning of the Late Antique Little Ice Age 
(LALIA) (Erdkamp 2021; Haldon et  al. 
2018b, 2018a, 2018c; Harper 2017; Mc-
Cormick et al. 2012), various migration 
waves in the course of the great migration 
period (Meier 2019), as well as the reg-
ular massive internal political conflicts 
in the style of civil wars as also conflicts 
with external enemies (Börm 2022), trig-
gered the relatively slow but somewhen 
ultimate decline of northern Noricum 
as an integral part of the Roman Empire 
(Hagmann 2019, 2022, 2023). 

In 476 AD, the barbarian king Odoac-
er deposed Romulus August(ul)us, who is 
often considered the last emperor of the 
Western Roman Empire. Odoacer replaced 
him as the new king of the Italian penin-
sula’s lands, including Noricum. Accord-
ing to the Vita sancti Severini (44, 5), the 
life description of Severinus of Noricum 
(c. 410–482 AD), finished in 511 AD by 
the monk Eugippius and the most impor-
tant written source for the ‘latest’ late-an-
tique period of Noricum ripense, Odoac-
er’s brother Hunuwulf followed the king’s 
order to resettle the Roman people (offi-
cials as well as the ‘average’ population) 
from Noricum in 488 AD to the South 
(Winckler 2016). It cannot be verified that 
the entire population left the region be-
cause of that order and also not how the 
whole process took place (non-violent? 
forced?) but, e.g., the eastern cemetery of 
Ovilava (cf. infra) was only seldom used 
from the end of the 3rd cent. AD onwards. 
It was reoccupied again by early medieval 
populations, probably Bavarians, only in 
the early 7th cent AD. Therefore, Roman 

settlement activities seemingly ended in 
the 5th cent. AD to a  likely considerable 
extent, although it hardly came to a set-
tlement hiatus (Hausmair 2022). It is 
thus not clear what really happened to the 
Roman population of this area. 

The eastern burial ground of Ovilava 
– the ‘Gräberfeld Ost’

According to Roman custom, the civil in-
habitants of Ovilava were buried in the ne-
cropoleis along the arterial roads outside 
the city gates (Retief and Cilliers 2010, 
134). One of the town’s most significant 
cemeteries was located in the east along 
the road from Lauriacum to Iuvavum and 
is accordingly known as ‘eastern ceme-
tery’ (‘Gräberfeld Ost’). Today the area of 
the Roman cemeteries is located in the 
densely built city of Wels. Therefore, ex-
cavations are only possible in the context 
of construction projects, mainly within 
the modern city – recorded archaeolog-
ical finds are thus known since the 19th 
cent. Until today, it was not possible to 
uncover the entire burial ground, but only 
several unconnected areas have been ex-
cavated. (Jäger-Wersonig 1999a,b,c; Migl-
bauer 2007, 2009) For the study presented 
in this paper, 5 specific excavation areas 
from the Gräberfeld Ost are of utmost im-
portance: 
	– Pendlerparkplatz (2004–2005) (Mi-

glbauer 2006; Greisinger 2006; Gre-
isinger et al. 2020); 

	– Kanalgrabung Dr.-Groß-Straße (2006) 
(Greisinger 2007; Greisinger et  al. 
2020);

	– Alois-Auer-Straße (2007) (Miglbauer 
2006; Greisinger et al. 2020);

	– Dr.-Groß-/Dr.-Schauer-Straße (2002) 
(Miglbauer 2004; Greisinger et al. 2020);

	– Fronius (2008–2010) (Greisinger 
2010; Greisinger et al. 2020).
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The construction of an underground 
car park near the central train station re-
sulted in a rescue excavation of large parts 
of the Roman cemetery between 2004 and 
2005 (‘Pendlerparkplatz’). During this 
campaign, more than 220 burials (61 inhu-
mations and more than 150 cremations) 
could be excavated (Greisinger 2006). 
The construction of a  drainage channel 
in Dr.-Groß-Straße (‘Kanalgrabung’) in 
2006 also required a  rescue excavation, 
during which 16 inhumation graves were 
uncovered (Greisinger 2007). Between 
2002 and 2007, rescue excavations in the 
Alois-Auer-Straße and Dr.-Groß-Straße 

respectively Dr.-Schauer-Straße yielded in 
total the remains of 8 inhumations (Migl-
bauer 2004, 2006). All these excavations 
occurred between the city center and the 
central train station of Wels. Somewhat 
further outside today’s city center in the 
suburbs east of the city center, 51 inhu-
mations were recovered between 2008 and 
2010 in the course of a rescue excavation 
on the premises of the Fronius company 
(Greisinger 2010). As pointed out, the 
cemetery of Ovilava was bi-ritual, contain-
ing cremations and inhumations. The dif-
ferent sections of the burial ground treated 
in this study are presented in Figure 2.

Fig. 2. Spatial extent of the eastern cemetery indicating the 5 excavation areas discussed in this study, in-
cluding the years of excavation: Pendlerparkplatz (2004–2005), Kanalgrabung Dr.-Groß-Straße (2006), 
Alois-Auer-Straße (2007), Dr.-Groß-/Dr.-Schauer-Straße (2002), and Fronius (2008–2010). A section 
of the Pendlerparkplatz area is highlighted in detail and displays the predominantly distinct spatial 
separation between inhumation burials (stylized bodies, indicating their respective orientation) and 
cremation burials (urn symbols)
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Taking into account the excavations 
from the 19th and 20th cent. a partial 
picture of the cemetery east along a de-
cumanus (east-west street in the street 
grid) can be reconstructed in terms of 
its extent (Miglbauer and Waser 2020). 
The spatial locations of the excavated 
cemetery areas in the outskirts of the ur-
ban settlement as well as the cemetery 
itself, the (yet partially analyzed) grave 
goods, and (few) qualitative attributes 
of the tombs indicate that elite but also 
‘commoners’ and ‘poor’ were buried at 
the burial ground of Ovilava. According 
to the archaeological finds, the burials 
dated mainly in the 2nd and 3rd cent. AD 
(Jäger-Wersonig 1999 20–22; Miglbau-
er 2007, 2009). Considering previous 
investigations, the cemetery seemed to 
be in use, although possibly very scarce 
in the end, up to Early Medieval times 
(Miglbauer 2001; Hausmair 2022). Few 
burials are attributed to Early Medieval 
Bavarians (Hausmair 2006).

Over 2/3 of the burials consisted of 
cremations; the remaining others were 
inhumations. The skeletal remains have 
been stored at the Archaeological Collec-
tion of the Stadtmuseum Wels-Minorit-
en. In 2019, the skeletons were tempo-
rarily transferred to the Department of 
Evolutionary Anthropology, University 
of Vienna, where the bioarchaeological 
analysis is currently in progress. The re-
maining cremations of the burial ground 
of Ovilava have not been analyzed up to 
now and are subject to a planned project 
which is scheduled to start in 2024. 

Chronology
In order to be able to assess the chron-
ological position of the individual cem-
etery areas better and to be able to re-
construct the settlement history based 
on archaeothanatological findings, we 

decided to carry out radiocarbon dating 
of inhumations of the cemetery as much 
as possible (Pearce 2016). The radiocar-
bon dating of 97 individuals, with 83 in-
dividuals older than 15 years, has been 
carried out so far. Following a dedicated 
sampling strategy, clusters for pre-selec-
tion were spatially defined, and individ-
uals from all cemetery areas were select-
ed as a  proportion of the total number 
of burials and dated using radiocarbon 
analysis. The samples determined in 
this way were further supplemented by 
individual samples of further individuals 
particularly suitable for dating. The radi-
ocarbon datings were carried out at the 
VERA-lab of the Faculty of Physics at the 
University of Vienna (https://isotopen-
physik.univie.ac.at/en/vera/).

A dedicated controlled vocabulary, ex-
plicitly tailored for Noricum, was used 
to periodize the data (Hagmann 2021): 
Based on the radiocarbon dating results, 
the inhumations were classified using 
the following time periods for Roman 
Antiquity (50 BC to 500 AD) in Noricum 
(resp. 50 AD to 500 AD in northern No-
ricum) as
	– Early Period (50 AD to 117 AD); 
	– Imperial Period (117 to 284 AD);
	– Late Antiquity (284 to 488 AD).

Early Middle Ages (for the Gräberfeld 
Ost, this period corresponds c. to the 7th 
and 8th cent. AD) were defined from 500 
to 1100 AD following Eichert and Rich-
ards (2022).

21 individuals belonged to the Early 
Period, 58 to the Imperial Period, 2 to 
Late Antiquity, and 16 were classified as 
Early Medieval. 

Sample
The excavated parts of the Ovilava buri-
al ground include 328 cremation burials 
and 134 inhumations. A total of 153 in-

https://isotopenphysik.univie.ac.at/en/vera/
https://isotopenphysik.univie.ac.at/en/vera/
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dividuals could be assigned to the inhu-
mations. The spatial distribution of the 
burials is presented in Table 1.

All 153 individuals were osteological-
ly analyzed using standard bioarchaeo-
logical protocols outlined by Buikstra and 
Ubelaker (1994) as well as Mitchell and 
Brickley (2017). Age at death and sex of 
the individuals were estimated by a com-
bination of various standard techniques 
(White and Folkens 2005). Pathologies 
were determined according to Ortner 
(2003). Although the state of preserva-
tion of the individual skeletons differed, 
the preservation of the pelvis and/or the 
skull of 108 individuals older than 15 
years allowed sex as well as age at death 
estimation. 

Age at death determination
Age at death of non-adult individuals was 
estimated through dental development 
and eruption patterns, the degree of clo-
sure of the epiphyseal plates (Cardoso 
2008; Coqueugniot and Weaver 2007; 
Schaefer et  al. 2009), and metric docu-
mentation of diaphyseal lengths (AlQa-
thani et  al. 2010; Cunningham et  al. 
2016). If the specific skeletal elements 
were present, the age at death of adult in-
dividuals was estimated using the pubic 
symphysis scoring system according to 
Brooks and Suchey (1990), the auricular 
surface of the ilium according to Lovejoy 
et al. (1985), the sternal articular surfac-
es of the clavicle (Szilvássy 1978). Fur-
thermore, the closure of cranial sutures 
(Meindl and Lovejoy 1985) and mandib-
ular and maxillary attrition were analyz-
ed according to Lovejoy (1985). 

Sex/gender determination 
For biological sex determination, pelvic 
bones were primarily used following the 
Phenice method (Phenice 1969) and the 

classification scheme according to Walk-
er (2005). In addition, skull morphology 
was used for sex determination, accord-
ing to Walker in Buikstra and Ubelaker 
(1994). Furthermore, biological sex was 
determined using 28 selected character-
istics of the skull and mandible, the pel-
vis, and the robustness of the humerus 
and the femur according to the catalog of 
characteristics by Acsádi and Nemeskéri 
(1970) and Ferembach et al. (1979) The 
degree of expression of these 28 charac-
teristics was rated on a scale from -2 (hy-
perfeminine) to +2 (hypermasculine). In 
individuals under the age of 18, the sex 
was only determined if the sex-determin-
ing characteristics mentioned above were 
already clearly developed.

Besides biological sex, gender was 
estimated based on grave goods. Weap-
ons and knives were associated with 
the male gender, while needles, specif-
ic jewelry, and mirrors were associated 
with a female identity. Since biological 
sex determination and archeological 
gender estimation differed only in one 
individual, in the present study, biolog-
ical sex determination was used. This 
match of biological sex determination 
and gender-typical grave goods can be 
cautiously interpreted as evidence for 
a  binary sex/gender system. Further-
more, among 10 adult individuals, an 
aDNA analysis was performed to veri-
fy the molecular sex of the individuals. 
The morphological sex determination 
and the molecular sex determination 
corresponded to 100%. 

To quantify the ratio of male and fe-
male-determined individuals, the sex ra-
tio was calculated. The sex ratio is com-
monly defined as the number of men to 
every 100 women (Hobbs 2004).

sex ratio= 100*n men/n women 
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The sex ratio can be expressed in units 
(1.02) or hundreds (102) to demonstrate 
the number of men per 100 women. In 
the present study, we used units.

Statistical and spatial analysis

Statistical analyses were carried out us-
ing SPSS Version 24. After computing de-
scriptive statistics, differences in the sex 
proportion between the burial areas, the 
age groups, and the chronological periods 
were calculated by means of Chi squares. 
A p-value below 0.05 was considered sig-
nificant.

The entire dataset has spatial compo-
nents. Therefore, a geographic information 
system (GIS) plays an essential role in the 
research design, as it can ideally accom-
modate our sites’ complex relational and 
diachronically changing contexts. In addi-
tion to digital cartography, the GIS serves 
primarily as a  central database and and 
analysis tool for all data, including open 
government data (OGD). Consequently, 
the study relies on the records of archae-
ological contexts, the recorded human 
remains, and their bioarchaeological anal-
ysis results for the digital and contextual 
archaeothantological analysis of (bio)ar-
chaeological data in a  comprehensive ge-
odatabase. For this purpose, an integrated 
digital approach was applied, using both 
proprietary and free and open source soft-
ware (FOSS) for information management 
and spatial data analysis (Hagmann 2020). 
The GIS software was QGIS (latest 3.30 
‘s-Hertogenbosch) installed on a Windows 
11 Pro device (as SPSS). As a  coordinate 
reference system, we used the Austrian 
National Survey Coordinate System for the 
central part of Austria, EPSG:31255 MGI / 
Austria GK Central (https://epsg.io/31255). 
In the first step, all digital and analog exca-
vation plans were imported into the GIS or 

(in the case of analog data) retro-digitized 
and then geo-referenced. The digital gen-
eral archaeological map of the city of Wels 
provided the overall basis for spatial analy-
sis (Greisinger et al. 2020). Then, in step 
2, all burial pits were mapped in the GIS to 
obtain a complete dataset of all burials in 
Ovilava’s eastern cemetery, also integrating 
data from the digital general map. In step 3, 
significant qualitative information was se-
lectively extracted from the excavation doc-
umentation records and mapped onto the 
newly generated geospatial dataset utilizing 
standardized attributes. For this purpose, 
cultural data was collected in structured 
tables in Excel/Microsoft 365 (XLSX file 
format), and a  sophisticated folder struc-
ture was used for sustainable data man-
agement. All data was securely stored in 
a cloud (Google Drive). Spatial vector data 
stored in ESRI shapefiles (SHP and auxilia-
ry files) provided all quantitative technical 
information about the area of interest. In 
step 4, the qualitative archaeological da-
taset was merged with the systematic ra-
diocarbon dating data and loaded into the 
FOSS GIS software as non-spatial tables in 
CSV file format. Further, the quantitative 
and qualitative bioarchaeological attributes 
were merged with those of the spatial cem-
etery dataset to obtain the final dataset. 
For this purpose, the cultural-qualitative 
tables were merged with the spatial-quan-
titative information, followed by validation 
activities regarding quality control. The re-
sults were used for map-based cartographic 
visualization and plotted in TIFF file for-
mat; by that, we applied a  specific form 
of integrated ‘deep-mapping’-approach for 
visualizing archaeological data, providing 
a richer, more nuanced, multilayered, and 
multidimensional understanding of the 
burial ground per each map (Hagmann 
2020). (Hagmann 2020, 2021; Kirchengast 
and Hagmann 2022).

https://epsg.io/31255
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Results

Spatial analysis of the burial ground

The four defined burial areas differed 
highly significantly (p<0.003) in temporal 
patterns. While most of the burials in the 
Kanalgrabung area dated to early medie-
val times (63.6%), the Alois-Auer-Straße 

(100%) and Dr.-Groß-/Dr.-Schauer-Straße 
(50%) areas were predominantly used in 
Roman Imperial times. More than 70% 
of the Fronius area individuals dated in 
the Roman era, while the area of the Pen-
dlerparkplatz was used also mostly used 
in Imperial Roman times (62.2%) but also 
the Early Roman (20%) and Early Medieval 
time (17.8%) (see Table 1 and Figure 3). 

Table 1. Description of the individual burial areas at the Gräberfeld Ost 

area

Period Burial type

ER IR EM cremations
inhumations

graves individuals
n n n n n n

Pendlerparkplatz 9 28 8 116 61 77
Fronius 8 24 1 186 50 51
Kanalgrabung Dr.-Groß-Straße 1 3 7 20 15 17
Alois-Auer-Straße 0 2 0 0 5 5
Dr.-Groß-/Dr.-Schauer-Straße 1 1 0 6 3 3
total 19 58 16 328 134 153

Legend: ER = Early Roman, IR = Imperial Roman, EM =Early Medieval 

Fig. 3. Spatio-temporal occupancy patterns of the defined excavation areas, segregated by male and female 
inhumation burials, in relation to Roman Antiquity and the Early Middle Ages
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Age distribution
More than 30% of the individuals in the 
inhumation sample were subadults, with 
a particularly high percentage of regular-
ly buried neonates (11.7%). 16.5% of the 
subadult individuals were classified as 
infans I or infans II, indicating an age at 
death between 2 months and 13 years. 
The majority of the individuals buried 
at the Gräberfeld Ost areal died between 
the ages of 20 and 40 years (42.6%). 22% 
died between 40 and 60 years, and only 
2 % were older than 60 years (Figure 4).

Fig. 4. Age distribution of the whole sample 

Sex ratio 
The biological sex distribution of the 
whole sample is presented in Figure 5. 
Considering the individuals classified 
as juvenile or adult only, the number of 
male-classified or likely male-classified 
individuals significantly surpassed the 
number of female-classified or likely fe-
male-classified ones (see Figure 5). The 
sex ratio of the whole sample is 200. 
This observation means that the propor-
tion of men in this burial ground is twice 
as high as that of women. 

However, when the individual cem-
etery areas, age groups, and chronology 
are considered separately, it becomes ap-
parent that this marked female deficit 
varies temporally and spatially. As shown 

in Table 2, the respective cemetery areas 
differ concerning the sex ratio. A  female 
deficit can be observed for the Fronius, 
Pendlerparkplatz, Alois-Auer-Straße, and 
Dr.-Groß-/Dr.-Schauer-Straße areas. No 
female-classified skeleton was excavated 
in the Dr.-Groß-/Dr.-Schauer-Straße-ar-
ea; however, this area yielded only 3 adult 
individuals. Considering the larger burial 
areas, the Fronius area showed the highest 
female deficit (sex ratio = 287.5). 

Fig. 5. Sex distribution of the whole sample 
(n=153) and of the individuals older than 15 
years (n=110)

In the Pendlerparkplatz area, almost twice 
as many males are buried as females. Only 
the Kanalgrabung area revealed more fe-
male than male skeletons. When com-
paring the sex ratio across different age 
groups - juvenile (15 to 19 years), adult 
(20 to 40 years), and mature (>40 years) 
- a noticeable surplus of female-classified 
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skeletons is observed in the youngest age 
group. However, a female deficit emerges 
in the adult age group. In the highest age 
group, male-classified skeletons outnum-
ber female ones by almost four to one (see 
Table 2).

In a further step, the time periods were 
compared. Here, the significantly highest 
surplus of men was observed in the Ear-

ly Roman Period (1st cent. AD). Further-
more, a significant female deficit could be 
observed in the Roman Imperial Period 
(2nd and 3rd cent. AD) – more than twice 
as many male-classified skeletons could be 
found. Only in the Early Middle Ages (7th 
and 8th cent. AD) the sex ratio was almost 
balanced, although a  slight surplus of 
males could still be observed (see Table 2).

Table 2. Sex ratio (100*M/F) according to burial area, age group, and period

F/F? M/M? UND Total Sex ratio

n % n % n % n (men to every  
100 women)

Areal

Kanalgrabung 7 53.8% 6 46.2% 0 0.0% 13 85.7

Pendlerparkplatz 20 32.8% 38 62.3% 3 4.9% 61 190.0

Fronius 8 25.8% 23 74.2% 0 0.0% 31 287.5

Alois-Auer-Straße 1 33.3% 2 66.6% 0 0.0% 3 200.0

Dr.-Groß-/Dr.-Schauer-Straße 0 0.0% 3 100.0% 0 0.0% 3 .

Chi-square 12.2      p=0.429

Total burial ground 36 32.4% 72 64.9% 3 2.7% 111 200.0

Age groups

Juveniles 15 to 19 yrs 8 57.1% 5 35.7% 1 7.1% 14 62.5

Adults 20 to 40 yrs 18 37.5% 29 60.4% 1 2.1% 48 161.1

Mature > 40 yrs 10 20.4% 37 75.5% 1 4.1% 48 370.0

Chi.square                          5.26    p=0.218

total 36 71 3 110

Period

Early Roman 4 22.2% 14 77.8% 0 0.0% 18 375.0

Imperial Roman 15 30.0% 35 70.0% 0 0.0% 50 233.3

Early Middle Ages 7 46.7% 8 53.3% 0 0.0% 15 114.3

Chi-square 14.4      p=0.026

total 26 31.3% 57 68.7% 0 0.0% 83 219.2
legend: F/F? = female and likely female, M/M? = male and likely male; UND =undetermined

In the last step, the sex ratio of the 
eastern Ovilava burial ground was com-
pared to those of other Roman times 
samples from Austria, Germany, Hunga-
ry, Serbia, and North Macedonia. As pre-
sented in Table 3 and Figure 6, a female 
deficit occurred in many samples. Only 
the Austrian samples from Saladorf (Ro-

man rural villa population) and Petron-
ell-Carnuntum (Roman urban popula-
tion next to the legionary fortress), as 
well as the Hungarian sample from Pécs 
(Roman urban population of Sopianae), 
revealed a female surplus. All other sam-
ples showed a marked female deficit (see 
Table 3 and Figure 6). 
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Table 3. Sex ratio of Ovilava and Roman times samples (inhumations only) around the Danube River Basin 
(adapted from Schweder & Winkler 2004, 73 tab. 39 and supplemented by the authors)

Roman samples F/F? M/M?
Sex ratio  

(men to every  
100 women)

Austria

Saladorf1 12 9 75.0

Carnuntum2 24 19 79.2

Carnuntum Mühläcker3 7 7 100.0

Lentia/Linz Tiefer Graben4 16 16 100.0

Mannersdorf a. Leithagebirge1 10 12 120.0

Halbturn5 24 30 125.0

Brunn a. Gebirge6 4 5 125.0

Vindobona/Vienna-Albertina Albertina7 20 26 130.0

Comagena/Tulln a. d. Donau8 14 19 135.7

Arrianis (?)/Klosterneuburg9 10 18 180.0

Lauriacum/Enns Espelmayrfeld10 34 65 191.2

Ovilava/Wels 36 72 200.0

Pottenbrunn11 15 36 240.0

Oggau a. Neusiedlersee12 4 10 250.0

Lauriacum/Enns Steinpaß13 54 143 264.8

Ziegelfeld14 33 107 324.2

Germany

Neuburg a. D. Zone 115 11 32 290.9

Neuburg a. D. Zone 215 9 27 300.0

Neuburg a. D. Zone 315 3 10 333.3

Stettfeld16 4 18 450.0

Switzerland

Bonaduz17 190 269 141.6

Hungary

Pécs18 52 37 71.2

Tokod19 50 56 112.0

North Macedonia

Deboj-Ohrid20 21 45 214.3

Serbia

Viminacium Pećine 20 65 144 221.5

Viminacium Više Grobalja20 11 38 345.5

Legend: 1 Pail 2009; 2 Schweder & Winkler 2004; 3 Harrer 2014; 4 Wiltschke & Teschler-Nicola 1991; 5 Bern-
er 2014; 6 Szilvassy 1976; 7 Marschler 2013; 8 Lebzeltner et al. 1935; 9 Neugebauer et al. 1987; 10 Kloiber 
1962; 11 Hölbling 2008; 12 Ehgartner 1947; 13 Pichelmayer 1972; 14 Kloiber 1957; 15 Ziegelmayer 
1979; 16 Wahl 1988; 16 Knötzele 2018; 17 Brunner 1972; 18 Ery 1973, 19 Ery 1981, 20 Mikic 1984
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Fig. 6. Geospatial location of Ovilava and Roman times samples (inhumations only) regarding sex ratio 
across the Danube River Basin

Discussion

In the present study, we analyzed the ter-
tiary sex ratio of the inhumations of the 
eastern cemetery of Ovilava only. Before 
we start with a detailed discussion of the 
results, we must mention the limitations 
of the present study. First, it should be 
noted that the entire cemetery of Ovilava 
could not be excavated, as it is now locat-
ed under the densely built-up urban area 
of the city of Wels in Upper Austria. It is, 
therefore, only possible to analyze indi-
vidual areas uncovered randomly during 
rescue excavations. Therefore, the num-

ber of skeletons included in the analysis, 
111, is relatively small. The analysis, 
however, included only inhumations, and 
the more than 328 cremations have yet 
to be analyzed. Although there is no hint 
from the literature that burial practices 
(inhumations versus cremations) varied 
significantly between men and women in 
the time periods considered in this study, 
the fact that cremations are not included 
in the analysis represents a major limita-
tion of this study (infra).

Furthermore, regarding the general 
spatial location of the study area, it is un-
clear whether the road, which continued 
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eastward from the inner-city decumanus, 
was the main exit road or just another 
suburban feeder parallel to the principal 
axis. Therefore, it remains to be consid-
ered whether the present reconstructed 
picture corresponds at all to the full ex-
tension. It can also be assumed that the 
actual core areas of the cemetery are still 
archaeologically unrecorded and lay fur-
ther southeast around the decumanus 
maximus (east-west main road) and 
a main drop-off road adjoining it, which 
so far could not be further identified ar-
chaeologically. Accordingly, it is also 
possible that the currently reconstruct-
ed area of the Gräberfeld Ost represents 
only a peripheral section of the outermost 
edge of a much larger cemetery. Further, 
it must be noted that radiocarbon dating 
has shown that inhumations occurred 
in the cemetery during the entire Ro-
man Antiquity, even if during the Early 
Roman Period (seemingly in favor of cre-
mations), the inhumations occurred only 
sporadically. Consequently, this result 
does not change the generally accepted 
assumption that inhumations only be-
gan to appear more frequently c. at the 
end of the 2nd cent. and largely replaced 
cremations, but it must be emphasized 
that inhumations should not be placed 
due to this premise in the later Roman 
periods from the outset (infra). 

The tertiary sex ratio represents 
a  crucial demographic parameter that 
quantifies a population’s numerical ratio 
of male to female individuals. The anal-
ysis of the sex ratio of historical popula-
tions poses a particular challenge, as the 
numerical sex ratio can only be deter-
mined utilizing written records, such as 
gravestone inscriptions, or the bioarchae-
ological analysis of burial grounds. Since 
sex-typical features on the skeleton that 
allow sex diagnosis do not manifest until 

puberty and adolescence, in most cases, 
osteological sex diagnosis can only be 
made from the juvenile phase onwards. 
Furthermore, poor preservation status 
reduces the possibility of a valid sex di-
agnosis.

The good state of preservation of the 
skeletons of the eastern Ovilava cem-
etery allowed a  morphological sex es-
timation for the 108 older juvenile and 
adult individuals and, thus, hypothesis 
testing. Hypothesis 1 could be verified. 
Of the 108 individuals at least 15 years 
old, only 36 could be classified as likely 
female or female, while 72 skeletal in-
dividuals were determined to be likely 
male or male. Only for three skeletons, 
sex estimation was impossible due to 
the poor state of preservation. Therefore, 
a sex ratio of 200.0 among the inhuma-
tions could be determined for the sample 
older than 15 years, which means twice 
as many males as females among the in-
humations at the Ovilava cemetery. This 
enormous male surplus corresponds to 
those of numerous other historical sam-
ples, especially from the Roman period:

As shown in Table 3, a  sex ratio of 
200.0, as in Ovilava, does not represent 
the most pronounced male surplus or 
female deficit. Except for the samples 
from Saladorf (Pail 2009) and Petron-
ell-Carnuntum (Schweder and Winkler 
2004), the majority of Roman samples 
from Austria (Lebzelter 1935; Ehgartner 
1947; Kloiber 1957, 1962; Pichlmayer 
1972; Neugebauer-Maresch and Neu-
gebauer 1987; Berner 2014; Marschler 
2013), Germany (Ziegelmayer 1979; 
Wahl 1988), and Switzerland (Brunner 
1972), but also in the former Yugosla-
via (Mikic 1984) had a  sex ratio above 
100.0 and thus a female deficit. Only for 
Lentia (Wiltschke and Teschler-Nicola 
1991) and Carnuntum Mühläcker (Har-
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rer 2014), a sex ratio of 100, indicating 
as many females as males, was report-
ed. Consequently, a female deficit seems 
a  not unusual demographic pattern 
among inhumations in the Roman limes 
provinces. 

In most older studies, the female defi-
cit of historical populations was assumed 
to be an unquestioned fact; in new stud-
ies, methodological errors are often dis-
cussed as explanatory approaches (Cin-
tas-Peña and Herrero-Corral 2020). 
Furthermore, a poor state of preservation 
of the female skeletons, which may lead 
to misidentifications, was postulated 
(White and Folkens 2005). Also, the pos-
sibility is discussed that gracile female 
skeletons would not have been preserved 
at all, and thus an unnatural sex pro-
portion is justified. The present sample 
from Ovilava does not support this inter-
pretation. The majority of the skeletons 
were in an excellent state of preservation, 
which allowed a morphological sex diag-
nosis. In addition, 10 aDNA analyses of 
skeletons from Ovilava are available to 
date, which had been analyzed as part 
of another study. All chromosomal sex 
diagnoses corresponded to the morpho-
logical sex estimations. Furthermore, the 
morphological sex estimation was com-
pared with the grave goods. Here too, 
a correspondence between the biological 
sex and the gender associated with the 
material remains was found. Therefore, 
there is no indication of a methodologi-
cal misdiagnosis.

Considering that only the inhuma-
tions, and not the cremations, have been 
included in the analysis, we must state 
that a  complete demographic analysis 
would only be possible by including all 
burials, including both inhumations 
and cremations. Consequently, an ob-
vious explanation for the female deficit 

would be that Roman women in Ovila-
va were cremated more often than their 
male counterparts. However, no evi-
dence from historical sources suggests 
that burial practices differed between 
sexes in a standardized manner nor that 
sex-specific, separate burial grounds were 
systematically used in the Roman Em-
pire (Barber & Bowsher 2009; Gonçalves 
et  al. 2010). Already in Ovilava, the 
well-known grave portraits of a married 
couple, dating back to the Roman Impe-
rial Period (Antoninian/2nd cent. AD) and 
documented since the 16th cent., are 
prominently embedded in a house facade 
on the main square. They depict a mar-
ried couple in the form of half-figures. In 
their original context, it is assumed that 
they were part of a more elaborate funer-
ary monument, likely placed at a family 
burial site, indicating that individuals of 
all genders were interred there (http://
lupa.at/593).

Moreover, in the case of the Pendler-
parkplatz area, inhumation and crema-
tion burials do not intermingle in the 
overall picture, except for very few possi-
ble exceptions (Figure 2). The burials, in-
stead, tend to be distinctly separate from 
each other. For most cases, this observa-
tion can be understood as no mixing of 
cremated and physically buried individu-
als in the same plot. Instead, it seems that 
both males and females were either both 
cremated or physically buried. The gen-
eral and precise situation regarding burial 
customs and rites in the Roman Empire 
over time remains generally unclear due 
to a  lack of comprehensive data evalua-
tion. Overall, one should always consider 
regional and zeitgeist-influenced specif-
ics, as the explicit, ‘typically Roman buri-
al custom’ in this particular form did not 
exist (Pearce 2011; Prowse 2014). While 
the ‘Gräberfeld Ost’ exhibits a  bi-ritual 

http://lupa.at/593
http://lupa.at/593
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nature, it is currently difficult to foresee 
which patterns allow us to distinguish 
between cremation and inhumation bur-
ials regarding timing and funerary prac-
tices for each individual. The traditional 
division between early cremations until 
approximately the 2nd cent. AD and later 
body burials from approximately the 2nd 
cent. AD onwards (Darby Nock 1932; 
Toynbee 1996) does not appear to be en-
tirely applicable in Ovilava, as supported 
by radiocarbon dates (supra). This situa-
tion necessitates exploring other explan-
atory approaches (Pearce 2016). 

Another interpretation of the female 
deficit may be the higher mortality rate 
of female newborns and children, which 
could have led to a  deficit of adult fe-
males. Due to the low validity of mor-
phological sex diagnoses on the sub-
adult, especially prepubertal skeleton, 
this interpretation cannot be confirmed 
but also not refuted. Infant mortality 
was undoubtedly high in Roman times, 
but whether more girls died cannot be 
said. According to the male-disadvan-
tage hypothesis, however, the male sex 
would be the more vulnerable and af-
fected by a higher risk of morbidity and 
mortality (Naeye 1971; Kirchengast and 
Hartmann 2009; Pongou 2013). The 
male disadvantage hypothesis contrast-
ed with an assumed lower social value 
of female children in the very patriar-
chal Roman society, which may have 
resulted in higher death rates of female 
children, whether by active infanticide 
or by deliberate neglect leading to higher 
mortality of girls (Boswell 1988; Har-
ris 1982, 1994). Several other studies, 
however, found no evidence of increased 
female infanticide rates (Engels 1980; 
Haentjens 2000); the possibility of fe-
male infanticide, however, cannot be 
ruled out (Scheidl 2010). In the present 

sample, higher mortality of females in 
the subadult age group was thus evident 
during adolescence. If increased mortal-
ity was evident at prepubertal age, too, 
this could lead to a shift in the sex ra-
tio. On the other hand, skeletal evidence 
from Roman time cemeteries clearly 
showed that the majority of children, 
independent of their sex, suffered from 
severe stress phases caused by malnutri-
tion or diseases resulting in visible skel-
etal stress makers such as Cribra orbita-
lia, enamel hypoplasias or even stunting 
(Pilkington 2013). However, high mor-
tality rates among newborns and chil-
dren can be assumed for both sexes. An 
indication of a female deficit at the mar-
riageable age may be the marriage leg-
islation under Augustus in the 1st cent. 
AD. Here, non-senatorial freeborn men 
are possibly encouraged to marry freed 
women, suggesting a  shortage of wom-
en, at least among the Roman upper 
classes (McGinn 2004). However, this 
lack of women could also be due to the 
excess mortality of women of reproduc-
tive age. Pregnancy and childbirth repre-
sent dramatic mortality risks in the re-
cent past and even today (Alkema et al. 
2016; Hirshberg and Srinivas 2017). 

Nonetheless, since the bioarchaeolog-
ical evidence for deaths causally related 
to reproduction is extremely rare (Stone 
2016), the interpretation here can only 
be indirect. The higher number of female 
skeletons in the juvenile age between 15 
and 19 years could be interpreted con-
cerning the increased mortality of fe-
males in relation to reproduction. Also, 
the female deficit is lower in the age 
class between 20 and 40 years, conse-
quently in the reproductive phase than 
in the post-reproductive phase. This ob-
servation also proves the verification of 
the second hypothesis. In the present 
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study, it was shown that the sex ratio 
varies both as a  function of age classes 
and between periods. Comparing the 
Early Period, i.e., the 1st cent. AD, with 
the Roman Imperial Period and the Ear-
ly Middle Ages shows a reduction of the 
female deficit over time. The most prom-
inent female deficit is found in the Early 
Period, which coincides with the land oc-
cupation and foundation of Ovilava. In 
this phase, men outnumber women by 
a factor of three. In the Imperial Period, 
the female deficit was reduced, and in 
the Early Middle Ages, the sex ratio was 
almost balanced, corresponding to other 
early medieval samples such as the Avar 
burial ground of Csokorgasse, Vienna 
(Grossschmidt 1990).

Although the proportion of early 
medieval skeletons in the cemetery of 
Ovilava is very low, a  clear trend to-
wards a balanced sex ratio can be recog-
nized. This condition could be attribut-
ed to the increased societal value of the 
female sex on one hand, and to ecologi-
cal changes on the other. After the RCO 
between 250 and 400 AD, temperatures 
dropped, and a  more unstable climatic 
situation set in in the area of the Roman 
Empire. Studies of recent populations 
show that unstable climatic conditions 
lead to increased maternal stress and 
may lead to an increase in the sex ra-
tio, as male fetuses are more vulnerable 
to stress, increasing miscarriages and 
stillbirths of male fetuses, while female 
fetuses prove to be more resistant to 
stress (Fukuda et al. 2014). The end of 
the RCO in the 3rd cent. AD would be 
possible as an explanatory model here, 
as a decline in average temperatures in 
southern and central Europe may have 
negatively affected the ratio of male to 
female neonates, thus reducing the fe-
male deficit. In the present study, there 

is a reduction in the female deficit with 
increasing timing. In the other studies, 
which cite an apparent female deficit 
in Roman-period samples, this aspect 
cannot be verified since no dating of 
the individual individuals of the sample 
was carried out. However, mostly only 
a chronological classification was made 
based on material legacies. Stress factors 
such as plagues, economic changes, and 
increasing insecurity at the limes bor-
ders (McCormick et al. 2012; Pilkington 
2013; Il and Joksimovic 2015; Wippert 
et al. 2017; Zuckermann and Crandall 
2019) could also have increased the 
stress for expectant mothers and infants 
and thus led to a reduction of more vul-
nerable male fetuses and consequently 
a reduction of the female deficit.

Another explanatory model for the fe-
male deficit at sites of the limes region 
could be based on the legionary camps of 
the region, where females, despite their 
regular on-site presence, were a minori-
ty per se. However, such an explanation 
cannot be assumed for the present study 
since Ovilava did not represent a legion-
ary camp but clearly a ‘rural-civilian’ town 
in the hinterland. For example, a similar 
picture can also be seen for Pottenbrunn 
(Hölbling 2008), which represents a dis-
tinct rural civilian settlement (probably 
a vicus), having an even lower sex ratio 
than Ovilava.

The present study tested another ex-
planatory option as part of a spatio-tem-
poral analysis. The second hypothesis 
predicted a  variation in the sex ratio 
between the individual burial areas and 
could be verified. In a  spatial-temporal 
analysis, the individual cemetery are-
as were compared, and it was shown 
that, on the one hand, the cemetery ar-
eas were mainly used at different times, 
so the Early Medieval skeletons were 
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mainly found in the area of canal exca-
vation and, therefore a surplus of wom-
en in the Kanalgrabung area as well as 
a balanced sex ratio in the Early Middle 
Ages. Both of these findings are associ-
ated. The idea that males and females 
have been buried in different sections of 
the burial ground could be rejected be-
cause male and female individuals were 
found in all burial ground areas. Finally, 
such a  model would have contradicted 
specifically the general evidence in most 
other places regarding Roman burial 
customs (Scholz 2022).

An extraordinary male surplus could 
be found for Alois-Auer-Straße and Dr.-
Groß-/Dr.-Schauer-Straße, but each area 
contains only 3 individuals in total and is 
therefore of little significance. However, 
the area of Fronius, which is of particu-
lar interest and is located furthest from 
the town of Ovilava with a sex ratio of 
0.35, exhibited a much higher male ex-
cess compared to the Pendlerparkplatz 
area, which had a sex ratio of 0.53. The 
Fronius area dates primarily to the Early 
and Roman Imperial Period and is char-
acterized by a  high proportion of skele-
tons with severe wear on the spine and 
joints (Kirchengast et al. 2023). Although 
these severe stress features are observa-
ble in male and female classified skele-
tons, this finding argues for a hard-work-
ing population composed predominantly 
of males. Indicators of increased somatic 
stress in the limes hinterland could also 
be demonstrated for skeletal series from 
Croatia. Here, too, men show particular-
ly frequently load-induced pathological 
changes of the spine (Šlaus et al. 2003). 
The fact that men affected by particular 
physical stress were mainly buried in 
a specific decentralized area of the cem-
etery (Fronius area) allows the following 
cautious interpretation: 

The urban center of Ovilava was an 
attraction point for migrant workers or 
labor migrants from nearer and farther 
regions (de Ligt and Tacoma 2016; Lo 
Cascio and Tacoma 2016). Neverthe-
less, a planned project with isotopic in-
vestigations and aDNA analyses should 
provide clarity here in the future. We in-
terpret the results of the spatial analysis 
as indicating an organized funerary sys-
tem, presumably in the form of private 
burial associations (collegia funeraticia) 
and possibly even municipal magistrates 
as proxies, to provide burial in distinct, 
remote, and therefore possibly favorable 
areas of the burial ground. They may 
have ensured that, after a fatal accident 
or a lonely death on the street, the hu-
man remains of workers, the poor, and 
even outcasts, as well as other acciden-
tal deaths without relatives, were recov-
ered and given a  dignified burial. This 
interpretation, also considering the hy-
gienic aspects and the overriding social 
attitudes regarding death pollution, is 
further supported by the fact that we do 
not observe any of the much-quoted but 
hardly documented mass graves for the 
poor (puticuli) but discrete individual 
burials in the “potter ’s fields” of Ovilava 
(Bodel 2000; Emmerson 2020; Graham 
2006a, 2006b; Perry 2017; Sano 2012; 
Verboven and Laes 2016). The possible 
presence of a  larger group of poor, pre-
dominantly male migrant workers or 
labor migrants, may have contributed 
to the observed female deficit or male 
surplus in the Ovilava inhumations 
(Le Guennec and Stevens 2020; Séguy 
2019; van Driel-Murray 2008; Verha-
gen 2019) and may also be supported 
by contemporaneous observations: The 
most pronounced male surplus in the 
world is currently found in Qatar with 
a sex ratio of 287.0, which is compara-
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ble to the findings of the Fronius area 
of Ovilava. This exorbitantly high male 
surplus in Qatar is explained by the high 
number of impoverished male migrant 
workers and labor migrants living in 
Qatar and not by a female deficit of Qa-
tar ’s autochthonous population. Sim-
ilar findings could be described for the 
Arab Emirates, Saudi Arabia, and Oman 
(UNO 2022).

Conclusion

Since only inhumations and no crema-
tions have been included in the analysis, 
we must clearly state that this is a pilot 
study only. The analysis of the sex ratio 
of the civilian Roman city of Ovilava in 
the limes hinterland reveals an extreme-
ly unbalanced sex ratio in favor of the 
biological male sex. This situation was 
especially true of the Early Roman and 
Imperial Roman periods, but not for ear-
ly medieval times. A female surplus was 
only found for the youngest age group 
aged between 15 and 19 years. Simi-
lar findings are reported for many other 
Roman times cemeteries in the limes 
hinterland. In the present sample, the 
spatial analysis of the sex ratio revealed 
an extremely high male surplus for the 
so-called Fronius part of the cemetery, an 
area that a physically hard-working pop-
ulation may have occupied. Therefore, 
the spatial analysis may allow a socioec-
onomic interpretation of the unbalanced 
sex ratio of the cemetery of Ovilava. Fur-
ther studies, including aDNA and stable 
isotopes, are necessary to clarify the ori-
gin of the individuals buried at the Ovila-
va burial ground.
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