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Chapter 2
Current Trends in Roman Demography 
and Empirical Approaches to the Dynamics 
of the Limes Populations

Isabelle Séguy

Abstract Based on the three principal and inevitably incomplete information 
sources on ancient historical demography, and taking into account the particularities 
of the populations living around the Limes Germanicus, a largely male population 
of soldiers and migrants, this chapter examines the factors that may have influenced 
their dynamics over the short, medium and long term. It also looks at the possible 
consequences of increased pressure on the environment, heightened risk of epidem-
ics linked to the rise in population concentration, long-distance communication and 
adverse climate changes observed from the second half of the second century AD. 
The proposed empirical approach aims to shed light on the factors that shaped the 
dynamics of these very specific populations over the long term.

Keywords Migration · Border populations · Environmental crises · 
Reconstruction of population dynamics

2.1  Introduction

The creation of a frontier region at the northern boundary of the Roman Empire and 
its survival over three centuries were highly dependent upon the living conditions 
and demographic behaviours of the populations who lived there or in neighbouring 
areas, be it temporarily or permanently. The stationing of a military population with 
specific socio-demographic characteristics and material needs in a populated zone, 
even if sparsely inhabited, necessarily gave rise to confrontation, change and adap-
tation in all areas of life (economic, social, cultural, technical, demographic, etc.).

What can we learn about the demographic behaviours of the populations of 
Ancient Rome, and to what extent can we reconstruct the dynamics of the peoples 
of the Limes Germanicus with a reasonable level of confidence? What sources do 
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we have for studying ancient populations? Among the main findings of the various 
disciplinary approaches, which ones might be relevant to the populations of the 
limes? Last, which specific demographic features should be taken into account 
when modelling the history of populations in a frontier region over a dozen genera-
tions? We will address these three points successively, after recalling several key 
concepts of historical demography, considered in the broadest sense. This discipline 
has the same objectives and uses the same vocabulary as the demography of con-
temporary populations; only the sources and the associated analysis methods are 
different. Historical demography studies the structures (age-sex distributions)1 and 
behaviours (fertility, mortality and migration) of past populations as defined at spe-
cific moments in time and space.

Demographic analysis also seeks to identify changes in these populations in a 
dynamic perspective and to explain the causes and consequences of these changes. 
Interactions between the age-sex structure of a population and its demographic laws 
(fertility, mortality and migration) govern its evolution over time. Changes in these 
attributes (size, structure, dynamics and density) can be predicted for a particular 
population if its fertility, mortality and migration rates are known (projection to 
forecast its future or retro-projection to reconstruct a part of its past) or inferred (by 
means of modelling).

As these are historical populations, we must apply the parameters specific to 
preindustrial populations, defined as largely rural and with no access to modern 
healthcare. These populations predate the demographic and epidemiological tran-
sitions2 that began in Europe (France) at the end of the eighteenth century and 
which led to a sharp rise in life expectancy at birth, notably thanks to a spectacular 
reduction in infant mortality. By adding extra years to the mean length of life, these 
transitions also modified other key parameters of demographic dynamics, i.e. mor-
tality, fertility and population age structure. To model the survival probabilities of 
preindustrial populations, and all associated behaviours, the variables of current 
demographic models must be adapted accordingly or specific new models 
developed.

1 The population age-sex distribution – also known as the “population pyramid” – describes the 
composition of a population at a precise moment, like a snapshot. But it is also a memory of its past 
events and a strong predictor of its future.
2 “Demographic transition: shift in a population from a traditional demographic regime marked by 
high fertility and mortality to a modern demographic regime in which fertility and mortality are 
low”. https://www.ined.fr/en/glossary/demographic-transition/

“Epidemiological transition or health transition: the period of mortality decline which accom-
panies the demographic transition. It is characterized by improved health, nutrition and organiza-
tion of health services and a change in the causes of death, with mortality from infectious diseases 
progressively being replaced by mortality from chronic and degenerative diseases and accidents”. 
https://www.ined.fr/en/glossary/epidemiological-transition/
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2.2  A Brief Review of Sources and Methods to Study Roman 
Demography

For Roman times (and later periods), three main categories of data are available for 
demographic approaches, each with its own biases and modes of analysis and each 
offering a fragment of the history of populations and their demographic behaviour.

Historical demography uses written sources, like ancient censuses, epigraphs, 
gravestones or literary sources, to reconstruct the size, spatial distribution, composi-
tion (by sex, age, marital status and household) of populations and to track their 
evolution over time. Certain demographic parameters, in terms of mortality, fertility 
and migration, can then be calculated by applying equations that link these different 
variables. As these written sources are often limited and fragmentary, quantitative 
results give limited insights, but can be complemented by qualitative approaches. 
The available documents generally concern very specific, mainly urban, popula-
tions from the southern part of the Roman Empire. Of course, while this approach 
provides useful information about demographic behaviour in ancient times, its 
results cannot be directly transposed to other populations living in the Roman 
Empire. Numerous academic publications concern the demography of ancient 
times, offering us a good overview of the Roman family and the demography of 
Mediterranean part of the Roman Empire. Good syntheses are given by Holleran 
and Pudsey (2011), De Ligt and Northwood (2008), De Ligt (2012), Pelgrom (2012) 
and Hin (2015).

Archaeological demography is based solely on material evidence, considered in 
time and space. Using traces of human activity, such as artefacts and habitats, it 
determines the spatial distribution and density of populations at different moments 
in time, giving a dynamic picture of settlement patterns in the areas under study. 
This research field is mainly that of archaeologists and geographers who apply spe-
cific qualitative models, developed in the fields of ecology, resource availability 
(carrying capacity) and economics, to quantitative data in order to track the evolu-
tion of populations, often observed over very long periods (especially in prehistory). 
Andrew Chamberlain (2006, 2009) proposes an interesting overview on the possi-
bilities and the limits of archaeological demography. However, even when it can be 
established that population size is proportional to the quantity of material evidence 
uncovered, it is not easy to convert this evidence of resource usage into actual popu-
lation numbers. This approach is, therefore, better suited to analysis of changes over 
time in relative rather than absolute population size. The recent work of Palmisano 
et al. (2017), for example, using a multi-proxy approach, compares several different 
archaeological indices to assess the extent to which they corroborate or diverge 
from one another to model the population dynamics in central Italy from Neolithic 
times to the fall of the Roman Empire.

Palaeodemography, based on the analysis of buried or cremated human remains, 
aims to reconstruct the age-sex distributions of one or more sets of individuals at the 
time of death, based on the assumption of human biological uniformity (see Buchet 
and Séguy 2002; Hoppa and Vaupel 2002a; Bocquet-Appel 2008; Séguy and Buchet 
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2013). Attempts to understand fertility behaviours have not been so successful, but 
the recent study by McFadden and Oxenham (2017) offers some promise. Bones 
and teeth provide information that can be used by demographers to determine sex 
and age at death or, more precisely, to indicate the stage of growth or ageing reached 
by individuals when they died. This biological material also provides information 
on health status, activities, pathologies, nutrition, breastfeeding patterns, genetic 
relationships and migratory behaviours of buried populations. The palaeodemo-
graphic approach borrows from forensic medicine (even if its goals are fundamen-
tally different) and demography.

Although written sources and material evidence are often studied separately, 
they also can be used jointly in a holistic approach (Fig. 2.1).

2.3  A Brief Overview of Roman Demographic Behaviours

2.3.1  Roman Population Size and Structures

Apart from the ongoing scholarly debate about population numbers in Roman Italy 
(see Hin 2008, 2015, with an intermediate position between Brunt 1987 and Lo 
Cascio 1994), there appear to be no estimates of local or regional population size, 
except for Roman Egypt (see, e.g. Lo Cascio 1997, Storey 1997 and Morley 2013 
on the size of the population of Rome, in connection with the estimation of the 

Main sources

• Historical demography 
(written sources, epigraphy, etc.) 

• Archaeology and Demography (spatial)

(settlements, artefacts, etc.) 

• Archaeology and Demography 
(biological)
(buried human remains) 

Fig. 2.1 Contributions of the different sources to demographic parameters. (Source: author’s pre-
vious work)

I. Séguy



27

population of Roman Italy; see also Launaro 2011 focusing on the rural population 
of Roman Italy, McIntyre 2015 estimating the size of the population of Roman York 
from human skeletal remains and the recent methodological proposition of Hanson 
and Ortman 2017).

Although numerous censuses were conducted throughout the Roman Empire to 
“identify taxpayers and recruit soldiers” (Le Teuff 2012), no estimates of provincial 
or urban populations can be given. The Brevarium totius imperii, requested by 
Emperor Augustus to provide an inventory of the Empire’s material and human 
resources, has totally disappeared (Le Teuff 2014, 87–88). We have already pointed 
out the difficulties inherent to archaeological approaches. For villages, towns and 
city-scale settlements, no single constant can be employed to convert settlement 
area into population size, as there are wide inter-regional variations in the spatial 
density of human settlement. But a regular relationship between the area of Roman 
military camps and the size of the forces that occupied them has been proposed by 
Richardson (2000) who calculated a density of 127 persons/ha for these camps.

Very little is also known about the age-sex structures of Roman populations. 
Moreover, these structures may have differed widely from one group to another, and 
from one place to another, particularly in the context of large-scale immigration or 
emigration (Fig. 2.1c). The Roman population was a preindustrial one, probably 
with high infant mortality and high fertility; so one might expect to find a triangular 
population pyramid with a wide base that tapers inwards towards the top. However, 
exceptional levels of urbanization, as was the case in Rome, were liable to modify 
the population structure and the demographic parameters of mortality and fertility.

2.3.2  Fertility

Fertility is usually considered in relation to marital status, but while we have some 
information about the nuptiality of Roman elites (e.g. see Grubbs 1995; George 
2005; Bodel and Olyan 2008; Hübner and Ratzan 2009; Rawson 2011; Harlow and 
Larsson Lovén 2012; Hübner and Nathan 2017), we know quite nothing about nup-
tiality patterns for other social categories or about concubinage practices (see, e.g. 
Phang 2001 and Scheidel 2005 on the varied conjugal relationships of soldiers in 
the Roman Empire). So, the simplest option is to calculate the mean number of 
children per women (total fertility rate) necessary to ensure population replacement, 
regardless of marital status. According to demographic models, a population with 
low life expectancy at birth3 needs four to six children per woman to maintain 
replacement levels under these conditions of mortality and many more, of course, to 
achieve a positive growth rate. Reproductive behaviours are highly variable in time 
and space and across socio-economic groups; they are also affected by mortality 

3 Generally estimated to be between 20 and 30  years, signifying that one in two children died 
before adulthood.
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levels, especially at reproductive ages. That is true both under normal conditions 
and in times of crisis.

Bruce Frier (1994) calculated a natural fertility pattern (theoretical number of 
children a woman can bear during her reproductive life) and compared it with the 
marital fertility of Egyptian women during Roman domination. The difference 
between the observed and the expected rates reflects the influence of factors limiting 
natural fertility, both biological factors such as female mortality before or during 
reproductive life, frequent divorce, widowhood and sterility and cultural behaviours 
such as prolonged breastfeeding, sexual taboos and birth control within families.

Using osteological data, Jean-Pierre Bocquet-Appel revealed changes in fertility 
following the transition from a nomadic hunter-gatherer lifestyle to the sedentary 
lifestyle of the first farmers; or more exactly, the consequences of this change in 
terms of child mortality (Bocquet-Appel 2002; Bocquet-Appel and Bar Yosef 2008). 
By observing the proportion of juvenile skeletons in cemeteries from Mesolithic 
and Neolithic times, i.e. the Juvenility index (the ratio of 5- to19-year-old skeletons 
to all skeletons 5 or more years old), and by using a relative chronology to fix the 
starting point (t0) of the transition from foragers to farmers in each place, regardless 
of the precise date when it actually occurred, he demonstrates that throughout the 
world, the transition from foragers to farmers was characterized by an abrupt 
increase in the proportion of juvenile skeletons, which expresses a corresponding 
increase in the parameter values for entry into the population age pyramid (birth, 
growth and fertility rate). He named this starting point the “Neolithic Demographic 
Transition” in reference to the Contemporary Demographic Transition, described 
for industrialized societies, when the decline in mortality was followed by a decline 
in fertility.

Adopting a different approach, Pennington (1996) showed that the transition 
from nomadic to sedentary lifestyles could substantially increase young children’s 
chances of survival. A very small mortality gain is sufficient to create the conditions 
for substantial population growth without any increase in birth rates.

2.3.3  Mortality

Few sources can be used to study mortality by sex and age. Funerary inscriptions 
provide information about age at death, but these statistics are not reliable indicators 
of mortality rates and life expectancy (Henry 1959). The same arguments apply 
with respect to documentary evidence about members of the Roman elites. Census 
records from Roman Egypt give an idea of the life expectancy of ordinary citizens 
(Bagnall and Frier 2006), but most of the mortality data are empirically based on 
model life tables for low-life-expectancy populations derived from contemporary 
model life tables (see Parkin 1992; Scheidel 1996, 2001; Bagnall and Frier 2006; 
Woods 2007; Hin 2013). Thus, distributions by age at death, age-specific mortality 
rates and low life expectancies (between 20 and 30 years) are extrapolations.

I. Séguy
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Because infant mortality data are missing in historical sources, these researchers 
all used Coale and Demeny’s model life Tables (1983), which are based on observed 
life tables, mostly from developed countries (overwhelmingly European), some dat-
ing from the nineteenth century. None of these populations had a life expectancy at 
birth of less than 30 years; the parameters for populations with a lower life expec-
tancy at birth are extrapolated. Considering this fact and the huge change in mortal-
ity pattern in the last two centuries, Séguy et al. developed a set of mortality models 
for preindustrial populations, taking into account theoretical growth rates which can 
be applied in palaeodemographic approaches (Séguy et al. 2008; Séguy and Buchet 
2013), as well as in other fields of research. These statistical and pre-statistical life 
tables characterizing the mortality of preindustrial populations are called the “pre-
industrial standard”.

Moreover, these parameters doubtless varied considerably across the Roman 
Empire, depending on environmental conditions, socio-economic status and gender. 
See, for example, Sallares (2002) and Scheidel (2015) on malaria in ancient Rome, 
Lo Cascio (2012) on the “Antonine Plague” of 165–190 AD which affected some 
places but spared neighbouring ones and Harper (2014) on epidemics of the third 
century AD.

Archaeo-osteological data can provide evidence of demographic perturbations 
that were sufficiently intense to leave long-term traces. Using the method proposed 
by Henri Caussinus and Daniel Courgeau (2010, 2013),4 a recent study on a buried 
population in Normandy revealed that demographic conditions in Merovingian 
times were less favourable than in Gallo-Roman times (Buchet et  al. 2017). 
Significant differences in the age distribution of death from one period to another 
were noted: the age distribution was very close to the preindustrial standard during 
the Gallo-Roman period, while mortality was higher, particularly at young ages, 
during Merovingian times. These differences may be due to a variation in the age 
mortality distribution or to differences in the population structure (by sex and age) 
to which the same age-at-death distribution is applied (or both). Both hypotheses 
are plausible in light of the available archaeological evidence. A forthcoming paper 
confirms this point for a sample of cemeteries in northern France (Séguy et al. 2017, 
forthcoming).

2.3.4  Migration

Migration, the third component of population dynamics, is rather difficult to evalu-
ate and tends to be the “poor cousin” of historical demographic analysis (it is much 
easier to analyse populations with no migration), especially since historians long 
believed that rural populations were immobile.

4 This method, called Bayesian Inference Procedure, is based on the principle of Bayesian infer-
ence and uses a parametric formulation of the problem, as recommended by the Rostock Manifesto 
(Hoppa and Vaupel 2002b).
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Migration refers to the process whereby individuals enter or leave a population 
other than through birth or death. It is a special instance of spatial mobility, distinct 
from the regular movements within a territory that are undertaken by nomadic peo-
ples, itinerant workers and traders (in these cases, the more appropriate term is 
“circulation”; see Pressat 1985). People migrate for different reasons (Coleman 
2004, 36):

• Mobility (e.g. short distance movements for trade, work or marriage)
• Conquest (migration of a small number of people who impose their laws and 

their organization upon another population, despite their numerical inferiority)
• Mass migration (Völkerwanderung) (movements of entire peoples, with their 

hierarchies and their livelihoods, in search of new lands or expelled by other 
peoples)

• Forced migration
• Infiltration (“infiltration” of foreigners unopposed by the local population, with 

no change of governing class nor allegiance to an outside power; ex- missionaries, 
refugees)

• Deportation (different from the forced migration in the sense that it consists in 
capturing individuals or whole communities, extracting them from their territo-
ries of origin and selling them as slaves either for hard labour or for army enlist-
ment, e.g. slave trade)

• Invitation to immigrate (when a state or a city invites individuals or groups to 
immigrate in order to increase its own population and revive its economy, for 
example, after the heavy losses of the Black Death).

Of course, to analyse migration, the population concerned must have recogniz-
able boundaries, usually defined for human populations in terms of the individuals’ 
places of permanent residence. Migration also implies the existence of two popula-
tions (donor and recipient); but as migrants’ mortality and fertility characteristics 
may differ from those of both donor and recipient populations, they constitute a 
third population group.

In demography, studying migration is complex because, unlike birth and death 
which are singular and irreversible events, an individual can participate in more than 
one migration event. Human migration is also difficult to model and predict because 
it depends on individual decision-making,5 and on fluctuating demographic, eco-
nomic and political circumstances, both in donor and recipient populations. From a 
socio-economic point of view, migration can influence a society’s culture and econ-
omy (crafts, agriculture, fishing, trade and so on), its environment and carrying 
capacity. It may also accelerate the spread of infectious diseases, or generate inse-
curity and the destruction of harvests (leading to famine and malnutrition) in case of 
war or conquest. Last but not the least, it also modifies population genetics.

These questions are now widely studied by historians, archaeologists and bio- 
anthropologists whose findings, sometimes presented in multidisciplinary collective 

5 Migration incentives include work opportunities, improved living conditions, and the desire to 
escape from objective hazards such as conflict and epidemics.
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works (see, e.g. Eckardt 2010; De Ligt and Tacoma 2016; Yoo and Zerbini 2018), 
show the importance of mobility and migration in the Roman world and examine 
how differences were expressed in both the host and migrant communities and how 
identities were maintained and evolved over time (see Noy 2000; Roymans 2004; 
Derks and Roymans 2009). Material artefacts allow the identification of migrants, 
at least for the first generations, while human remains provide individual informa-
tion, mainly derived from isotopic (see, e.g. Killgrove and Montgomery 2016; 
Gowland 2017) and DNA (MtDNA or nuclear DNA) analyses.

2.4  Demographic Dynamics of Limes Populations over the 
Long Term: An Empirical Approach

2.4.1  One Border Zone, But Very Diverse Populations

The Limes Germanicus, a border zone between the Roman Empire and the peoples 
of Northern Europe, has some highly specific features: (1) a very large military 
presence, (2) major population movements (migrations) that took different forms 
over time, (3) a colonization process resulting from the settlement of demobilized 
soldiers and (4) small-scale urbanization or, more precisely, population concentra-
tion in camps or small towns, in sparsely populated territories.

Analysis of demographic behaviours, over both the short and long term, must 
therefore be conducted with considerable flexibility. Studies of immigrant popula-
tions reveal differences in behaviour between the recipient and donor countries and 
between immigrants and natives; they also show a relatively rapid convergence 
between the demographic behaviours of immigrants’ and natives’ children or grand-
children. Other studies on the demography of frontier populations6 highlight the 
interpenetration of their cultural behaviours (Renard 1992). These studies are cer-
tainly helpful for shedding light on the demographic dynamics of the limes. 
However, it is not sufficient to simply describe the particularities of this population, 
or of the historical period in question.

The limes7 was not a clearly demarcated area, despite its fortifications, but prob-
ably an area of mixing and intercommunication, where population groups of very 

6 Contemporary frontiers separate two distinct spaces characterized by different population, health 
policies and different levels of economic development.
7 Lively debate among historians on the notion of “frontier” – a clear boundary between two terri-
tories or a “no man’s land” with no clear demarcation? – has led to a new perception of the limits 
of the Roman Empire. The limes was not so much a frontier, as defined today, but a “patrol route” 
as suggested by the etymology of the word. Often following natural barriers, the role of the line of 
fortifications was less to separate the Romans from the Barbarians than, in military terms, to estab-
lish major bridgeheads and an effective surveillance system and, in political economic terms, to 
create mandatory points of passage to control population movements and levy taxes on traded 
goods. The importance of the different functions varied according to the level of tension or har-
mony in relations with neighbouring (Germanic) populations.
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different origins and statuses intermingled (Morin 2011a). Not only did the garri-
sons include foreign soldiers from throughout the Empire (see Roselaar 2016), but 
the busy trade generated by their presence attracted merchants and artisans from 
both southern and northern Europe. All these “foreigners” lived side by side with 
local populations, sometimes in close contact, given that the legion auxiliaries were 
recruited from among native people or married local women and that the legion-
naires settled beyond the boundaries of the limes.

In demographic terms, this mixing gave rise to dynamics and behaviours that 
must have varied considerably between the Roman or Romanized populations, the 
inhabitants originating from Germania Magna and the mosaic of people’s native to 
the limes, a region of “convergence”, to use the expression coined by Mélissa Morin 
(2011b), and of acculturation (Bloemers 1983, 1989; Blagg and Millett 2016).

2.4.2  A Migrant Population with a Skewed Sex Ratio

The demography of the limes was thus characterized by intense and varied forms of 
migration (cf. supra) which also varied over time. For the first generations, the 
demographic dynamics were probably shaped less by natural population change 
than by migration. In the early days of the limes, despite the massive influx of sol-
diers and forced population displacement, the conditions probably did not favour 
natural population growth. On the contrary, the departure of inhabitants who fled the 
region or were sent away as slaves and the increased mortality and lower fertility 
associated with insecure living conditions must have reduced the size of populations 
and modified their age-sex structure (cf. Fig. 2.1). By comparison with other histori-
cal situations, it is reasonable to imagine that the massive influx of men, but also of 
women and young adolescents in the context of military conquest, produced a psy-
chological shock (and perhaps an epidemiological shock, cf. infra) with physiologi-
cal repercussions. Though covering a different region, a statistical comparison of 
pre- and post-colonial skeletal remains by Kyle et al. (2016) revealed the physical 
stigmata of the stresses inflicted upon the population of Apollonia (in present-day 
Albania) after the Greek colonization in the sixth century BC. The authors attribute 
this physiological stress to a reduction in locally available resources and the adverse 
health impact of urbanization (insalubrity and propagation of disease).

Apart from the negative effects on population growth of war, forced migration 
and constant insecurity, the unprecedented concentration of people living in camps 
and towns also created conditions for radical demographic regime changes, poten-
tially masked by the spectacular increase in numbers of inhabitants. In the same way 
as the sedentarization of Neolithic populations profoundly modified their fertility 
and the mortality of their young children, the rapid “urbanization” of previously 
scattered populations may have produced new fertility behaviours and mortality 
patterns. In addition, the assignment by Rome of officials to one town rather than 
another may also have modified the appeal of certain territories over time. This is 
suggested in a study by Ouriachi and Nuninger (2011) who cross-linked a spatial 
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model of the settlement system in a region of southern France and an analysis of the 
local gentry’s social networks, revealing the existence of competition, not only 
between individuals for administrative positions but also between towns wishing to 
attract the most influential officials and thereby raise their prestige. The spatial dis-
tribution of the population and its density thus depend not only on the numbers of 
migrants, but also on the quality of the most high-ranking ones.

In more peaceful times, the age-sex structure of the population around the limes 
was highly favourable for positive demographic dynamics and population growth. 
The predominant presence of young, affluent men clearly oriented the marriage 
market in favour of soldiers and legion auxiliaries. Phang (2001) draws upon funer-
ary epitaphs to show the types of relationships that existed among soldiers. Soldiers 
who married did so later, in their mid-thirties, and their wives were usually from the 
families of military comrades. Soldiers could find a partner, live with her and have 
offspring in a union not legally recognized under Roman law. Penelope Allison 
(2008) investigated the presence, activities and status of women and children in 
Roman military forts on the German frontier during the first and second centuries 
AD. She concluded that women played a greater role in military life in the early 
Roman Empire than has previously been acknowledged (see also Allison 2011, 
2013). Elisabeth Greene (2011) provides evidence for the presence of women and 
children within military garrisons during the earliest periods of military conquest 
and during consolidation in the first and second centuries AD. In the first century 
AD, the auxiliary units stationed on the frontiers of the western provinces were 
legally allowed to cohabit with women during their period of service; soldiers were 
later granted the same right. A comparison can be made with the soldiers present in 
the same zone some centuries later (see the doctoral work by Dana Rus 2010, 2016 
on Roman border guards in the late eighteenth and nineteenth centuries).

Such marriages created new ties on other side of the “border”, or rather consoli-
dated existing ones, since other practices had the same purpose (recruitment of local 
auxiliaries, allocation of land behind the limes to legionnaires, reception of hos-
tages, etc.), thus forming a sort of giant human shield (e.g. Picard 2014 and 
Boatwright 2015 on forced displacements; Foubert 2011 on migration of high- 
ranking women; Moatti 2017a and b on legal evidence and categorization of 
migrants; and Lo Cascio and Tacoma 2017 on the impact of mobility and migra-
tion). The establishment of human populations in the limes doubtless owes much to 
these marriage migrations and to higher fertility (and better child survival) made 
possible by material wealth and better health conditions.

2.4.3  Demographic Crises Were Inevitable

Generally stemming from insecurity and social and economic difficulties, recur-
rent demographic crises are a characteristic of preindustrial population dynam-
ics. These brief, but intense, episodes of excess mortality (often accompanied 
by fewer marriages and births) most likely affected the populations of the limes, 
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and the general curve of population growth doubtless includes a number of sud-
den dips.

While mortality is correlated with advancing age as much as with the perils of 
early childhood, it is also highly sensitive to random events that may modify its 
intensity and selectivity. When the limes was established, a road network was built 
that facilitated troop movements, food transport and trade, but also the circulation 
of infectious diseases. And the large migrant inflows inevitably brought in new dis-
eases that produced epidemics which were especially severe if the populations had 
no prior exposure and, therefore, no immunity to the pathogen. One such example 
was the epidemic of smallpox, known as “Antonine Plague”, that swept across the 
Roman Empire between 165 and 190 AD, spread by soldiers returning from cam-
paigns in the Near East (Lo Cascio 2012). It was described in detail by Galen of 
Pergamon, a contemporary physician, enabling historians (Littman and Littman 
1973) to recognize it as haemorrhagic smallpox, a virulent and highly lethal form of 
the disease. They agree that the epidemic hit a previously unaffected population, 
resulting in higher mortality than in subsequent outbreaks.

Living close to major communication routes or in crowded towns or military 
camps greatly increased the risk of contagion, with consequences in terms of excess 
mortality. In demographic, economic and geopolitical terms, the actual impact of 
Antonine Plague across the Empire remains uncertain (estimated mortality rates 
range from 7–10%, following Littman and Littman 1973, to 25–33%, according to 
Duncan-Jones 1996 and Zelener 2003). More certain is the series of epidemics that 
struck the Roman world between the second and the sixth centuries AD, causing a 
significant population decrease and contributing, along with many other factors, to 
the decline of the Roman Empire (see Little 2007; Harper 2014).

Indeed, after a long period of climatic stability and limited volcanic activity 
between 100 BCE and 150 AD (McCormick et al. 2012), climate conditions wors-
ened. Some scientists have postulated that major volcanic eruptions produced severe 
weather disturbances, which destroyed crops and led to famine and disease. The 
scale of these climatic repercussions is still a topic of debate. However, as northern 
Europe was particularly exposed to the after-effects of Icelandic volcanic eruptions, 
it is reasonable to imagine that it endured several years of poor harvests. Between 
150 and 200 AD, when climatic conditions began to deteriorate, the Empire was 
confronting a major economic and political crisis and a number of military chal-
lenges (McCormick et al. 2012, 203).

Given the close correlation between climate and food resources (cf., e.g. Bevan 
et al. 2017), such change is generally accompanied by episodes of food shortage or 
famine, which adversely affect the populations and increase their susceptibility to 
disease and epidemics. The populations of the limes must have been severely 
exposed to such risks, first because of the high population density (and the absolute 
priority given to supplying the garrisons) and, second, because the region was 
unable, even under normal conditions, to meet the population’s food needs and 
relied on imports, themselves in short supply when the producer regions no longer 
had a surplus (see, e.g. the calculation models proposed by Van Dinter et al. 2014 
and Chap. 7, Joyce, to estimate the local carrying capacity).
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Chronic and acute malnutrition (famine) and the accompanying disease and epi-
demics caused by wars or poor climatic conditions give rise to excess mortality, but 
also result in a deficit of births that is proportional to the severity of the famine and 
its duration. Famines also encourage migration and can lead to local population 
decline. Recurrent severe demographic crises can hinder demographic recovery.

2.4.4  A Faltering Demographic Recovery

Demographic crises that decimate young adults (such as the plague or influenza) 
often have a more pronounced long-term impact; the population size and structure 
are such that the population cannot immediately renew itself despite the generally 
observed increase in birth rates (Fig. 2.2). Most often, it is regenerated through the 
arrival of new immigrants but only if neighbouring regions have not themselves 
been severely affected. Populations are more resilient over the short term when dif-
ficulties are short-lived or only affect young children. Yet repeated food shortages 
and cyclical epidemics of childhood diseases may hinder demographic growth, with 
population size remaining practically constant over the long term. Preindustrial 
populations were confronted by these regulatory mechanisms, which are linked to 
epidemic thresholds8 and to environmental carrying capacity.9

The worsening environmental conditions in the second half of the third century, 
and mainly the cooling that affected the north-western provinces of the Empire 
(McCormick et al. 2012), could have severely disrupted food production and slowed 

8 i.e. the number or density of receptive individuals required for an epidemic to take hold.
9 i.e. at the prevailing levels of technological development, the maximum population size that can 
be sustained indefinitely, in terms of food, water, living space, energy, etc., by a given 
environment.

Fig. 2.2 Short- and long-term impact of demographic crises (detection of excess mortality crises 
in the vital records of Aubagne, English population decline up to the arrival of the Black Death). 
(Sources: author’s previous studies and Chavas and Bromley (2005))
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down the recovery capacities of populations. Economic difficulties often encourage 
those who have nothing (or nothing left) to migrate. If emigration occurs on a large 
scale, such movements can hinder demographic recovery and lead to a significant 
decline in local settlement.

2.5  Conclusions

In demographic terms, the limes was a specific and complex territory where differ-
ent populations intermingled and where trade was conducted on a large scale. A 
remarkable instrument of acculturation but also an ideal environment for the propa-
gation of new contagious diseases, the limes doubtless exhibited very specific 
demographic structures and behaviours which evolved in response to the levels of 
security or insecurity experienced by its populations. It is difficult to model demo-
graphic behaviours in a region such as this, as Verhagen et al. (2016) can confirm. 
The “migration” parameter is of key importance, yet difficult to quantify or predict. 
Apart from migration linked to militarization and forced population displacements, 
migration behaviours, like those of fertility and mortality, are governed as much by 
individual and family decisions as by parameters of well-being and security.

This rapid overview of historically attested demographic situations does not take 
account of data provided by the documents and archaeology of the limes. Its sole 
purpose is to suggest some avenues for future research to better understand the fac-
tors underlying the long-term population dynamics of the region.
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