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ABSTRACT

It is a widely held view that ancient cities were unhealthy environments. Some scholars have gone so far as to 
suggest that larger pre-Industrial cities were so lethal as to be unable to sustain their population levels without 
constant immigration from rural hinterlands. The present study therefore examines mortality at the ancient city of 
Viminacium on the Danube frontier in an attempt to test the Urban Graveyard Hypothesis using skeletal remains 
from a provincial Late Roman context. Given the known trajectory of urban development at Viminacium, which 
began as a small military outpost on the Roman Limes during the 1st Century and evolved into a large, regionally 
important political and economic center persisting into the 5th century, it was possible to study changes in health 
as settlement size and density increased through examination of skeletons from the graveyards surrounding the 
city. The results suggest that local, historically-specific conditions – namely the Third Century Crisis known from 
ancient documentary sources – were far more influential upon general public health than increasing population 
size at Viminacium.
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It is a long and widely held view that ancient cities 
were decidedly unhealthy environments for humans 

relative to open rural settings. This has often been attri-
buted to a purported intensified infectious disease en-
vironment brought on by increased population density 

1See Cohen 1989; Larsen 1997; Steckel, Rose 2002; Storey 2006 for numerous case studies supporting this position.

and the associated sanitation issues1. Some demogra-
phers have, in fact, gone so far as to proclaim an ‘iron 
law’ in which pre-Industrial cities with larger popula-
tions were fundamentally unable to sustain their num-
bers without constant immigration from the rural hin-

Settlement size, site history, and mortality at Roman  
Viminacium: Testing the urban graveyard hypothesis
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terlands due to excessive levels of mortality2, though 
it has also been pointed out that this excess mortality 
was experienced primarily by the immigrants themsel-
ves3. Similar views have been advanced for cities of the 
ancient Mediterranean world, particularly Rome itself 
4. Still, the question remains as to whether this ‘Urban 
Graveyard Effect’ is an intrinsic universal of human 
settlement ecology, or instead a variable characteristic 
of cities under some conditions – but not others5. In the 
present work, we empirically investigate the question 
of whether the Urban Graveyard principle is appro-
priately applied to smaller provincial Roman cities of 
the Danube limes.

Death and the city

Since as early as the 17th century, demographers have 
noted that deaths recorded in vital records exceeded 
births in many early modern European cities6. Migra-
tion to cities from rural hinterlands was intense during 
this period and it was perceived that many, if not most, 
European cities would not have been able to maintain 
their population size and economic viability if not for 
this constant influx of persons. E.A. Wrigley perhaps 
most clearly articulated this notion of an ‘Urban Gra-
veyard Effect’ in 1967 in his analysis of early modern 
London. In his view, excess mortality created a con-
stant need of inward migration from a city’s hinter-
lands in order to maintain the urban population and, 
in turn, its economic stability. Subsequent researchers 
following Allan Sharlin – while recognizing that this 
Urban Graveyard phenomenon is reflected in vital re-
cords from across Europe – pointed out that it was in 
fact the immigrants themselves who were contributing 
disproportionately to the excess mortality. Yet other 
critics have further argued against the Urban Gravey-
ard Effect as any sort of universal principle, pointing 

2Wrigley 1967; De Vries 1974; Finlay 1981; Flinn 1981.
3Sharlin 1978; Van der Woude 1982.
4Morley 1996, 2005; Sallares 2002; Jongman 2003; Scheidel 2003; Paine, Storey 2006; but see Lo Cascio 2006, 2015 for a different 
opinion.
5Woods 2003, Shaw 2006.
6Graunt 1662; Sussmilch 1775; Malthus 1798.
7Van der Woude 1982.
8Puschmann et al 2013; Hin 2016.
9de Vries 1974; Sharlin 1978.
10Yavitz 1958; Brunt 1966; Champlin 1982; Ramage 1983; Scobie 1986; Syme 1986; Pleket 1993.
11Cicero, De re Publicum 2.11; Hippocrates, On Epidemics; Celsus, De Medicina; Galen, De Morborum Temporibus.
12Sallares 2002; Shaw 2006.

out that some pre-industrial northern Dutch cities did 
not experience any such excess of deaths over births7. 
In most current research, discussions of Urban Gra-
veyard Theory focus on what subset of the population 
is primarily responsible for excess numbers of urban 
deaths8.

The present paper, however, is specifically focused 
upon the excess mortality phenomenon itself and its 
relationship to population size – as opposed to whe-
ther the deaths are coming predominantly from na-
tives or migrants. An estimated population threshold 
of some 10,000 persons has been advanced as the point 
at which urban environments tend to become excee-
dingly lethal9. This ‘Urban Graveyard’ principle has 
also worked its way into models of the ancient Roman 
World, where some exceeding grim pictures of urban 
living conditions have been painted, particularly for the 
city of Rome itself10.  Ancient documentary evidence 
details the many plagues and other endemic health 
risks facing the occupants of Rome and the residents 
themselves –especially the educated wealthy elites – 
clearly recognized the health benefits to escaping the 
confines of the Eternal City during the malarial sum-
mers11. It is therefore our intention to scientifically test 
for the existence of the Urban Graveyard Effect in a 
provincial Roman context.

As far as previous empirical investigations of anci-
ent Roman urban conditions and its effect on general 
public health, data have been scarce and equivocal in 
their implications. Epigraphic evidence from tomb-
stones has suggested a significant seasonal impact of 
endemic malaria and occasional episodes of epidemic 
mortality in Roman Italy12, but the fickleness of the 
‘epigraphic habit’ has limited the effectiveness of app-
lying information obtained from mortuary monuments 
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to detailed demographic problems13. Skeletal evidence 
from the city of Rome itself has likewise been difficult 
to come by and lacking in consistency of documen-
tation14. A few previous attempts have been made to 
investigate urban and rural health distinctions in other 
parts of the Roman Empire – mostly Roman Britain 
– on the basis of skeletal remains15, but local circum-
stances and sample constitution have rarely been con-
ducive to investigating the Urban Graveyard Effect in 
a systematic manner. This has not, however, prevented 
some scholars from advancing generalized life tables 
purported to be representative of the ancient Empire 
as a whole – thereby implying a homogeneity in the 
mortality experience between city and countryside16. 
A direct test of the Urban Graveyard principle in the 
context of a Roman urban center from which abundant, 
quality skeletal data are available therefore seems long 
overdue. 

13Hopkins 1966–67; Parkin 1992; Schiedel 2001.
14Killgrove 2018.
15Waldron 1989; Redfern et al. 2015; Rohnbogner and Lewis 2017; but see also Šlaus 2004 for treatment of the Danube limes and cities 
of the hinterland to some degree.
16e.g. Frier 1982, 1983.
17Mirković 1968, 63.
18Mirković 1968, 64.

Sample description and framing the hypothesis

Consider then if you will the Late Roman provincial 
city of Viminacium (Fig. 1). Situated on the middle 
Danube in modern Serbia, this frontier legionary out-
post was founded during the 1st Century and became 
a provincial capital on the Danube Frontier at least by 
the 2nd Century. The settlement accrued a civilian ele-
ment and increased in political stature when it became 
a municipium under Hadrian in AD 11717. During this 
period, Viminacium is thought to have consisted of 
perhaps 5000 soldiers in the military encampment 
surrounded by several thousand locals in the suppor-
ting town. Viminacium rose to political and economic 
prominence during the late 2nd and early 3rd Century, es-
pecially during the Severan dynasty with Septimus Se-
verus visiting on multiple occasions and proclaiming 
Caracalla his successor here in AD 19618.  By then the 
settlement itself was surrounded by defensive walls, 

Fig. 1 - Location of Viminacium within the Roman Balkans
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contained an amphitheater, multiple public baths, and 
a system of aquaducts bringing a public water supply19. 
Viminacium reached the highest possible level of mu-
nicipal standing under the Empire during the 3rd Cen-
tury when proclaimed colonia in the reign of Gordian 
III. The city eventually reached a maximum extent of 
some 220 hectares, and is thought to have attained a 
population peak of some 30 to 40,000 persons. Vimi-
nacium remained a large, heavily populated settlement 
into the 4th Century, and became an Epsicopal seat of 
the newly legitimized Christian church20. The city was 
sacked by the Huns in AD 441, with most of the inha-
bitants reportedly enslaved21, and the site was rapidly 
depopulated soon thereafter.

19See Spasić-Djurić 2002 for general overview of the history and known features of the ancient city.
20Mirković 1968, 72.
21Priscus, Historia Byzantium.
22Speal 2015.
23See ibid: Table 3 for more detailed treatment of sample consistency.

The present study is based upon a sample of 297 skel-
etal individuals analyzed from 254 graves recovered 
from 4 spatially distinct cemeteries surrounding the 
ancient city (Fig. 2)22. Chronologically sensitive grave 
inclusions – predominantly coins and metal fibulae – 
allowed the date of interment to be estimated for many 
of the individuals in this sample. It was thereby pos-
sible to group individuals by time period in order to 
examine changes in mortality and other indicators of 
general health, such as pathological skeletal lesions, 
through time. Sufficient chronological information was 
received to attribute time frame of burial to a total of 
93 individuals from the overall sample23. Individuals 
were thereby assigned to one of three sequential peri-
ods: Period 1 (1st and 2nd Centuries CE), Period 2 (3rd 
Century CE), or Period 3 (4th Century CE). 

Fig. 2 - Map of Viminacium with Location of Key Contributing Cemeteries
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Assuming a typical pre-industrial human population 
growth pattern – in which demographic increase is 
rather slow initially but eventually approaches expo-
nential as a settlement becomes more nucleated and 
fertile – Viminacium should have crossed the “urban” 
demographic threshold of around 10,000 persons so-
metime during the 3rd Century or so and theoretically 
become subject to the Urban Graveyard Effect. Using 
this premise, we can call Period 1 “pre-urban”, Period 
2 “proto-urban”, and Period 3 “fully urban” Vimina-
cium. The operational hypothesis here then is: if the 
Urban Graveyard Model applies to middle-sized pro-
vincial Roman cities of Late Antiquity, then evidence 
of elevated mortality – and morbidity – should be most 
apparent among the fully urban 4th Century (Period 3) 
skeletons at Viminacium relative to those dating to the 
earlier pre- and proto-urban 1st through 3rd Centuries 
(Periods 1 and 2). 

Methodology

Assessment of age-at-death for the skeletons used in 
this study was accomplished using Transition Analysis 
– a recently developed technique that examines indi-
vidualized aspects of change in the pubic symphysis, 
auricular surface, and cranial sutures of each individu-
al24. This aging method employs Bayes’ theorem and 
posterior probabilities to compute both a confidence 
interval and a maximum likelihood point estimate for 
each individual’s age-at-death, thereby facilitating 
broader demographic analysis. A supplemental system 
of obtaining point estimates from sternal rib ends – 
personally devised by the first author based upon Iscan 
and Loth’s widely-known scoring technique25 – was 
used to complement the Transition Analysis in order to 
increase sensitivity and precision for each individual 
age estimate26. For sub-adults, age-at-death was esti-
mated using standard methods of dental development, 
epiphyseal closure, and long bone metrics27. These 
methods were combined to obtain the narrowest age 
range possible, from which a midpoint was calculated 
in order to obtain an age point-estimate. A single, spe-

24Boldsen et al. 2002; Milner et al. 2008.
25Iscan, Loth 1986.
26Speal 2008.
27 Buikstra, Ubelaker 1994, Bass 2005.
28Cleves et al. 2008.
29ibid. pp. 129–145.
30ibid. pp. 93–96.

cific age-at-death point estimate was thereby created 
for each skeletal individual in the study.

The resulting age point estimates were then subject to 
event-history survival analysis using the STATA Versi-
on 8 statistical package28. The individual age-at-death 
point estimates were first processed using STATA’s 
non-parametric Cox logistic regression function to 
compute a composite life table and produce mortality 
hazard and survivorship curves for the overall assem-
blage29. Differences in survivorship between specific 
variables of research interest were then calculated, gra-
phed, and tested for statistical significance using the 
Kaplan-Meier product limit estimator technique30. As 
we are most interested here in the variable of chrono-
logy of interment for purposes of evaluating the Urban 
Graveyard Hypothesis, those are the only results pre-
sented in this paper.

Results

For those who may be unfamiliar, survivorship graphs 
depict the surviving proportion of a population or 
subset of the population at each age relative to the po-
pulation as a whole implied by a set of observed mor-
tality data. The more gradual the decline of the curve 
becomes as one proceeds to the right along the x-axis, 
the greater the ‘survivorship’. The steeper the decline 
as one moves to the right, and the earlier the point at 
which it meets the x-axis, the more severe the morta-
lity experience. As one can see from Fig. 3, the most 
severe mortality regime at Viminacium – reflected in 
the sharpest dropping survivorship curve and earliest 
point of reaching the x-axis – is observed NOT for the 
Period 3, 4th Century maximum urban cohort (shown in 
green here) as expected if the Urban Graveyard Effect 
was in operation, but instead that representing Period 2, 
the 3rd Century sample (shown in red). The Period 1 (1st 
and 2nd Century) survivorship curve, shown in blue, is 
found to generally follow a more intermediate course. 
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A mortality hazard curve represents the estimated age-
specific risk of death in the population from which the 
sample was collected. It is essentially a graph of the 
probability that death will occur at any given age – 
conditional upon having survived up until that age. In 
the following hazard graph produced from the Vimi-
nacium skeletal data (Fig. 4), the curves do not extend 
all the way to birth, nor beyond 70 or so years of age, 
because of the graph smoothing process and because 
there are too few representatives from these age groups 
in the skeletal sample to produce a coherent estimate. 
Nonetheless, it is apparent from the graph that risk of 
death is substantially greater at almost all adult ages in 
the Period 2, 3rd Century sample as opposed to either 
of the other two chronological periods.  

Such findings are decidedly not in accord with the 
Urban Graveyard model, which predicts that mortality 
should be at its highest during the latest period of occu-
pation – when the city’s population was presumably at 
its greatest. In fact, the Viminacium survival analysis 
data instead suggest that mortality was instead at its 

lowest during the peak 4th Century population, which 
directly contradicts the notion that larger provincial 
Roman cities were inherently more unhealthy than the 
smaller communities from which they arose.
Furthermore, a survey of pathological lesions from 
the same skeletal sample tells a similar story.  Four 
of the ten lesion categories examined at Viminacium 
– including active periostitis, multiple linear enamel 
hypoplasia, active cribra orbitalia, and lytic erosive 
lesions – were found to occur with a steadily declining 
relative frequency through time with the lowest crude 
prevalence during the urban 4th Century (Fig. 5). Four 
other classes of pathology – linear enamel hypoplasia, 
cribra orbitalia, porotic hyperostosis, and long bone 
curvature – were found to peak during Period 2 – the 
3rd Century. Only one type of lesion, undifferentiated 
periostitis, was found to reach maximum prevalence 
during the 4th Century urban height of Viminacium, and 
there are reasons to believe that this lesion class was 
in fact behaving in a ‘paradoxical’ manner at the site 
– meaning that its elevated prevalence may be an indi-
cation that greater numbers of people were surviving 

Fig. 3 - Survivorship by Time Period at Viminacium
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the conditions that caused the lesion, making it more a 
marker of biological resilience than of systemic stress.

Fig. 4 - Mortality Hazard by Time Period at Viminacium

Fig. 5 - Crude Prevalence of Various Classes of Skeletal Lesions by Time Period
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Discussion

The present study has yielded fairly strong evidence 
to reject any notion of an Urban Graveyard Effect at 
Viminacium. If anything, the skeletal data suggest that 
mortality and most indicators of morbidity decreased at 
the site as the city surpassed the demographic ‘urban’ 
threshold and reached its population peak in the 4th 
Century. The elevated mortality and morbidity obser-
ved in Period 2 – the 3rd Century – was unexpected, ho-
wever, and does merit further discussion. Ancient tex-
tual sources are, in fact, replete with descriptions of the 
3rd Century CE as a time of great disruption and crisis 
across the Roman Empire31. This period is generally 
recognized as a time of social upheaval characterized 
by incursions by Germanic populations from northern 
Europe and Eurasia, increased internal political strife 
with contested imperial successions, and widespread 
economic malaise especially in the northern border re-
gions of the western Empire32.

While ancient primary sources noted the onset of a 
general decline after the reign of Marcus Aurelius bet-
ween 161 and 180 CE, the crisis truly arose around 
the time of Severus Alexander and Maximinus Thrax 
between 222 and 238 with an onslaught of Germanic 
peoples across the Danube and Rhine frontiers. With 
the defeat of Decius at the hands of the Goths and the 
capture of Valerian by the Persians in 260, the Empire 
was in complete disarray. In the year 272 the provin-
ce of Dacia was completely abandoned by the Roman 
state, which only increased the pressure on the nort-
hern frontier communities through resettlement and 
increased proximity to hostile populations. Some stabi-
lity was reportedly achieved by Claudius II, Aurelian, 
and Probus, but it was only under the intense reforms 
of Diocletian between 284 and 305 CE that the Empire 
regained any kind of political and economic normalcy. 

This partial collapse of the Roman state is thought 
to have manifested itself in different ways across the 
Empire, but the Danubian provinces seem to have ex-
perienced the sharpest economic decline – as well as 
the brunt of much of the conflict brought on by outside 

31Marcus Aurelius, HA, 17.2; Epit. de Caes. 16.2; Dio 71.36.4, 80.7.2; Cyprian, Ad Demetr.; Tertullian, Apol 20.2
32Mócsy 1974; Alföldy 1975.
33Alfoldy 1975 (1988 trans. ed.) pp. 157–159). 
34Mirković 2006, 73.

military incursions33. Trade was repeatedly interrupted, 
particularly in the frontier provinces, and inflation ran 
rampant. A shortage of peasants was reported in the 
countryside, leading to a consequent decline in agrari-
an food production as well. The results of the present 
study tend to confirm that this “Third Century Crisis” 
was very real, and it very much affected public health 
at Viminacium in a manner that overwhelmed any kind 
of general Urban Graveyard Effect.

This is not to say that the 4th Century was without dif-
ficulties. The beginning of this era has generally been 
characterized as a period of stabilization across the 
Empire, and a series of political, military, and econo-
mic reforms allowed the Roman state to survive for 
another century or so34. Nevertheless, new incursions 
of foreign peoples, religious conflicts, and wars bet-
ween pretenders to the Imperial throne would again 
shake the Empire in the middle to late 4th Century CE 
– culminating in the defeat of a Roman army by in-
surgent Goths at Adrianople in 378. Though the crux 
of these events took place in relative geographic pro-
ximity to Viminacium, the present study suggests that 
they were nowhere near as immediately consequential 
for general public health as were the crises of the 3rd 
Century.

There are, of course, a number of other possible expla-
nations for the failure of the Urban Graveyard hypo-
thesis in the present study. Perhaps Viminacium never 
actually reached the population threshold that would 
incur an Urban Graveyard Effect. This seems unlike-
ly given the magnitude of architectural development 
and economic complexity observed archaeologically 
at the site, as well as the description of its importance 
in ancient documents, but should be entertained as a 
possibility. It is also possible that the purported Urban 
Graveyard threshold of 10,000 persons is simply set 
too low for significant levels of excess mortality to be 
incurred. That explanation would, of course, also imply 
that a number of 30,000 is too low as well – since that 
is what most archaeological estimates suggest for Vi-
minacium at its peak.
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Or perhaps Viminacium reached the demographic 
threshold at an earlier, 3rd Century date, and the re-
sults therefore do actually reflect the early onset of an 
Urban Graveyard Effect. In that case, it would become 
necessary to explain the subsequent rebound in survi-
vorship and apparent increased skeletal health during 
the 4th Century. No such explanations are immediately 
forthcoming. Short of a major depopulation of the site 
during the 4th Century, which is not generally supported 
by the archaeology – nor the ancient literary sources – 
such an argument would be difficult to make. 

It is also possible that the study sample sizes were 
simply not adequate to resolve the true ancient demo-
graphic patterns. Unfortunately, the final sample size of 
93 total individuals was smaller than originally inten-
ded. Still, the collection is substantial and both morta-
lity and morbidity outcomes are in general agreement, 
which suggests that the results are robust. Nonetheless, 
one would hope that future research will at some point 
further test these findings at Viminacium and elsewhe-
re. By far the most plausible present conclusion then, 
seems to be that smaller provincial Roman cities really 
were organized and managed well enough to avoid the 
major public health failings evident at the larger urban 
centers across the ancient Mediterranean world and 
later pre-Industrial Europe.

Conclusions

The widely recognized, historically specific 'Third 
Century Crisis' then seems to have had the greatest 
influence on the diachronic pattern in mortality and 
morbidity stress observed at Viminacium. The general 
implication is that culturally and historically particu-
lar developments had much more influence on overall 
public health than any broader Urban Graveyard Effect 
in the provincial Roman case. In fact, urban life – at 
least on the Danube Frontier – appears to have brought 
more health benefits than risks to the local populace. As 
population reached its peak levels, indicators of public 
health seem to have improved, not declined. Perhaps 
this is a reflection of the economic vitality of upstart 
urban centers and/or the hygienic efficiency of late 
Roman planning and design engineering.

To conclude, the present study yields fairly strong evi-
dence that we should reject any notion of an Urban 
Graveyard Effect at Viminacium. If anything, the 
skeletal data indicate that overall mortality – and most 

indicators of morbidity – decreased at the site as the 
population peaked in the 4th Century. The results of this 
study suggest that universal characterizations of anci-
ent cities as putrid death traps or perpetual population 
sinks are not defensible. Apparently, there are limits to 
the Urban Graveyard principle even within the confi-
nes of pre-modern Europe itself. The realities of urban 
life and health were evidently much more historically 
specific and variable than has been generally accounted 
for. Moreover, if local demographics were anywhere 
near as generally dynamic at individual Roman pro-
vincial cities as the present study suggests, the notion 
that there ever was any single coherent, unitary Roman 
mortality program is also an untenable assumption.
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