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Editorial

Vézeni prispévatelé a Ctendfi,

v uplynulém roce probéhly v ramci periodika Pte-
hled vyzkumi dvé vyznamné inovace. Jak uZ jsme
informovali elektronickou formou v prvnim leto$nim
¢isle, od biezna 2018 jsme indexovani v citacni data-
bazi Scopus. Tato bezpochyby potésujici udalost byla
ndsledovdna spuSténim kompletniho databdzového
rejstiiku v8ech ro¢nika a &isel Casopisu, zpracovaného
v ramci projektu Strategie AV21 ,,Pamét v digitalnim
véku*. Rejstfik naleznete online na webovych stran-
kach Piehledu vyzkumu v sekci Vyhledat ¢lanek, kde
je pro Vas pripraven formuldf s pokroc¢ilym multikri-
teridlnim vyhleddvanim. V soucasnosti pfipravujeme
k vysledkim VaSich dotazt také ptfipojeni PDF jed-
notlivych studii a zprav.

Ve druhém Cisle Piehledu vyzkumd je zastoupena
dvéma prispévky doba fimska a tfemi mladsi faze ra-
ného stiedovéku. Ondrej Sedo se v Sirokém kontextu
zabyva nékterymi kultovnimi praktikami spojenymi
se zanikem riznych objektd v obdobi antiky na po-
zadi vyzkumu studny na zndmé fimské lokalité¢ Mu-
Sov-Neurissen. Marek Vlach se zaméfuje na moznosti
demografického modelovani a simulace na pfikladu
markomanské populace na stfednim Dunaji. Trojice
autorti Marian Mazuch, Marek Hladik a Lumir Pol4-
¢ek se vénuje ipravam hrobovych jam na pohiebistich
ve velkomoravskych Mikuléicich s dirazem na otdzku
tzv. hrobek. Pavel Slézar podava piehled soucasné-
ho stavu pozndni rané stiedovékého osidleni katastru
Moravican, zejména opevnéné polohy Soutok. Miriam
Nyvltova Fisdkova ve svém pfispévku vyhodnocuje
osteologické ndlezy z vyzkumu horizontu 10.—12. sto-
leti z Pferova, Horntho ndmésti ¢. p. 19 a 20.

Nadchazejici jubilejni 60. rocnik ¢asopisu Vas jis-
té potési inovovanou grafickou podobou a doufime,

vy

Ze 1 rozsifenou redak¢ni spolupraci s autory.
Za redakci

Sdrka Krupickovd, Rudolf Prochdzka
V Brné, 16. listopadu 2018

Dear Contributors and Readers,

The past year saw two important innovations con-
cerning the open access journal Piehled vyzkumi. As
we previously informed you electronically in volume
one this year, we have been indexed in the Scopus
citation database since March 2018. This undoubtedly
positive news was followed by the launch of a com-
plete database register of all years and volumes of the
magazine, which were processed as part of the Strat-
egy AV21 “Memory in the Digital Age” project. The
register is available online at the Pfehled vyzkumi
website in the Search Paper section where you can
find the form with the advanced multi-criteria search.
We are currently preparing the studies and reports in
PDF format to match your search results.

The second volume features two contributions re-
garding the Roman Age and three papers concerning
the later phases of the Late Middle Ages. Ondrej Sedo
explores the broad context of some of the cultic prac-
tices associated with the demise of various objects in
the antiquity against the background of the excava-
tions of a well discovered in the famous Roman site of
Musov-Neurissen. Marek Vlach focuses on the possi-
bilities of demographic modelling and simulation using
the example of the Marcomanni population in the mid-
stream of the Danube. Marian Mazuch, Marek Hladik
and Lumir Poldcek present the topic of grave pits at
the Great Moravian MikulCice burial grounds with the
emphasis on the so-called tombs. Pavel Slézar presents
an overview of the current level of knowledge of ear-
ly medieval settlements in the cadastre of Moravicany,
particularly the fortified site of Soutok. In her contribu-
tion, Miriam Nyvltova Fisdkova evaluates osteological
finds from the research of the 10™/12™-century horizon
in Prerov, Upper Square No. 19 and 20.

You will surely enjoy the new graphic design and
extended editorial cooperation with the authors that are
presented in this 60™, jubilee edition of the magazine.

On behalf of the editors,

Sdrka Krupickovd and Rudolf Prochdzka
Brno, November 16, 2018
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DEMOGRAPHY MODELLING AND SIMULATION OF THE BARBARIAN POPULATIONS
OF THE “MARCOMANNIC” SETTLEMENT STRUCTURES OF THE MippLE DANUBE
REGION

MAREK VLACH

Abstract

A comprehensive approach to certain structural problems and a wide array of scientific issues of both
natural sciences and humanities should include methods of digital modelling of complex systems. Past human
societies and their settlement structures represent in a certain point of view complex systems. Agent-based
modelling (ABM) and simulation represents a methodological framework to construct digital models of studied
contexts in order to test the viability of existing theoretical models in both qualitative and quantitative aspects.
An explicitly formulated “artificial society” (e.g., Danielisovd, Stekerovd 2015) can be built on the basis of
all available archaeological sources, proxy data, estimates and existing theoretical models in research of the
Germanic society of the Middle Danube region (Moravia, W Slovakia — Zdhorie region and Lower Austria to
the north of the Danube). The main concern lies in the establishment of a digital model which would reflect
the available archaeological knowledge and estimates about the Germanic settlement structure and possible
demographic development from the I*' century AD up to the period of the Marcomannic wars. Similar at-
tempts at archaeological demography certainly contain wide ranges of methodical issues, mostly due to the
limited input data and known aspects of population dynamics from archaeological records, nevertheless, this
attempt represents a pilot effort of the initial framework implementation phase designed to explore the basic
demographic properties of the studied context.

Keywords
archaeological demography — digital modelling and simulation — Germanic tribes — Marcomanni — Middle
Danube region — Roman Period

1. Introduction

The form of social organization of the so-called
“Germania libera” is traditionally characterized as
“tribal” in sense of the Central European terminology,

Various forms of Roman-barbarian interactions

represent important aspects within the wide range of
issues concerning the development of barbarian soci-
eties adjacent to the Roman Empire.! In the regions
of the Middle Danube region, their study is key to
understanding not only the character of the Germanic
tribes of Marcomanni and Quadi, but also the develop-
ment of the overall geopolitical situation in different
periods of the Roman era, forming a specific type of
contact zone (Bouzek, Ondiejovd 1990). The existing
archaeological evidence within the region documents
the widely ambivalent relationships between the local
populations and the Roman world, oscillating between
peace and military confrontations. Although coexis-
tence was interfered with by various conflicts, a sub-
stantial part of the interaction period was character-
ized by peaceful relations. The complexity of these
relationships is underlined by a number of findings
based on comprehensive archaeological and histori-
cal sources. However, through filters of archaeolog-
ical transformations (Neustupny 1986; 2007, 46-75),
we are able to observe these interactions to a varying
extent.

and within the classification of cultural anthropology
it exhibits features and properties of a “complex or
paramount chiefdom” with a more vertically structured
social hierarchy (see, e.g., Carneiro 1981; Earle 1987;

Location of the study area on a map of Europe.
Poloha studované oblasti na mapé Evropy.
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1989; 1997; 2011; Service 1971; Steuer 1982; 2006),
often with two levels of organization (‘“paramount”
chiefs and other subordinate chiefs) above the basic
organization units — settlements (Turchin, Gavrilets
2009, 169ff.). At a given stage of its ethnogenesis,
the Germanic society is characterized as a structure
formed mainly on kin basis relations establishing a sort
of “clan” membership structure (Bazelmans 1999, 3)
with generally high dynamics in the changes within the
power structures (e.g., Pitts 1989; Wenskus 1992). In
general, the maintenance of power within the chiefdom
and the power of the chief over the population usual-
ly stem from the control of various types of sources
of income which secure the input to the redistribution
system. Such sources of income and wealth (and pres-
tige) could be represented either by controlled sources
of raw materials, profit from the controlled communi-
cation corridor or other conveniently power-controlled
sources of potential income (for a recent outline, e.g.,
Earle 2001; 2011, 30ff.; Claessen 2011). Whereas, on
the part of the Roman administration, treaty-based re-
lations were institutionalized to a high degree, the Ger-
mans had legal power and continuity strongly person-
alized in the current political representation of chiefs
and so-called “big men” (Krekovi¢ 2014). Changes in
this arrangement could result in termination of the
treaties and the need to negotiate a new one’. How-
ever, the turbulent nature of political power and legal
continuity are reflected only through the dynamics of
narrative sources that “material” archeological sources
lack. Chronological aspects, meaning in a living social
context and its structures, are assigned to them only in
the process of archaeological interpretation.

From written sources, we are informed about a so-
ciety organized in horizontal-geographical (more or
less precisely delimited territorial boundaries of the
tribal structure) and vertical-social dimensions (unfree
— slaves, free people, aristocracy, etc.) and fluctuations
and interactions between them. Nevertheless, this in-
formation comes from a completely different cultural
environment, mostly not as a result of direct observa-
tions, and rather reflect a subjective evaluation of re-
ality, an ignorance or misunderstanding of culturally
different circumstances, and narrative tendencies due
to targeted readership (Wolfram 1997, 15ff.). Depend-
ing on the circumstances (the current form of political
and other integration of related Germanic populations,
etc.), individual tribes responded differently to actual
relationships. An example of this is underpinned by
the frequent change in relations between the tribes
and Rome in the conflict of the Marcomannic wars
at the level of the tribe, such as the neutrality of the
Cotines (Dobids 1964, 206) or evidence of the Ro-
man-barbarian cooperative relations in the example of
a thoroughly excavated Germanic settlement in Pas-
ohlavky “U vodarny” at the level of a residential area
complemented with other types of activities, such as
metalworking (Komordczy, Vlach 2011).
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The attempt at digital demographic modelling is
motivated by several goals and its results may pro-
vide further insight into some of the demographic
properties of the German society itself®. Study of the
Roman military intervention can also be enriched by
more thorough knowledge of fundamental properties
of the impacted populations (size, distribution and
density). On the basis of archaeological sources, the
development of the Germanic settlement structures
during the first two centuries AD are reflected by
the earliest isolated unstratified evidences, in Moravia
more frequently from the 2" third of the 1% centu-
ry AD (phases Blb and B2a, cp. Zeman 2017a, 279)
with their gradual increase up to the 2" half of the
2" century AD (e.g., Tejral 2008). Numerous ques-
tions of quantitative modelling of diverse issues de-
pend on the present state of knowledge of the vertical
and horizontal structure of the Germanic population
and its properties (Vlach 2015). Amongst others, the
quantitative theoretical modelling of trade relations*
is based on aspects such as purchasing power, which
naturally corresponded to the respective state of inte-
gration, stability and organization of the distribution
of power, economic basis and subsistence strategies
(generally on the topic, e.g., Winterhalder et al. 1999,
102-126, 136-142; Dreslerova 1995; 1996; 2008,
173ff.; Droberjar 1997, 149ff.; Sala¢ 2008, 51-54).
This initial modelling attempt, aiming the basic de-
mographic properties of the studied region, must be
seen as a primarily stage of the process to ascertain
a new dimension of knowledge based on transfor-
mation of the actual knowledge about the Germanic
societies of the Middle Danube region into possibly
new insights relevant and viable to the process of ar-
chaeological theoretical model building®. Whereas the
other problematics and aspects (or rather sub-system),
such as the distribution of power and wealth or the
internal dynamics of the political interactions, are to
be formulated and implemented during the further
development stages of the iterative process of model
building and simulations. For example, also theoret-
ical possibilities of the impact of the so-called An-
tonine plague on the barbarian populations through
the presence of the Roman army within the barbar-
ian territory and their mathematical epidemiological
modelling may present one of the opportunities for
successive phases of model development focusing on
various specific issues.

The main prerequisite for the application of multi-
agent modelling to issues of the settlement structure of
the studied area is the system approach that perceives
the Germanic settlement structure as a complex system
which basic properties can be modelled on the basis
of relevant “proxy” (indirect or circumstantial) data in
a simple form and its development tested through the
formalized time through simulations. However, the in-
dividual elements of the model (agent entities, model
environment, rules of behavior and entity interactions



given by coding) are derived on the basis of an archae-
ological record. In the process of modelling, however,
it is about defining and including those elements that
affect the basic features of system behavior, which
can be defined through an agent-based model (ABM;
for an outline of the method and its applications in
archaeology, see, e.g., Komoréczy, Vlach 2015). The
simulation of several different scenarios aims to re-
construct the basic trajectories of the development of
the Germanic population in the area of the Middle
Danube region and their expression in the space-time
structure of the settlement complexes.

The use of ABM simultaneously makes it possi-
ble to compensate for the problem of “archaeological
time” (Neustupny 2010, 185ff.), which in the context
of the available means of dating (the chronological
possibilities of archaeological sources) is not discrete
but in principle discontinuous. At the same time,
in terms of formalized analyzes, there is a problem
with standardization of the time axis due to the of-
ten uneven length of individual defined archaeologi-
cal phases, stages and horizons with different dura-
tion. When modelling demographic parameters, it is
possible to rely on the knowledge from the fields of
physical and cultural anthropology, which describes
the common structures often applied across different
populations on a comparable level of social organi-
zation and technological capabilities of the society
(e.g., family/household/farmstead size, life expectancy
at birth, applied subsistence strategies, dynamics of
political processes and effect on the structure of the
population and settlement distribution, cp. Feinman
2013 with literature). The individual stages of model-
ling also reveal a different degree of absence of more
accurate input data, as well as some specific aspects
of existing theoretical models or errors in their ar-
gumentation (Carneiro 1966). Traditional theoretical
models in archaeology are usually formulated through
a common language and may not necessarily be ex-
plicitly descriptive in various aspects or quantitative-
ly descriptive, whereas the digital modelling requires
a precise expression and formulation of processes that
are generated by system dynamics.

2. Theoretical basis and model
building

In principle, the model is based on available ar-
chaeological data and theoretical inductive and de-
ductive assumptions about the functioning of the
basic components of the Germanic settlement struc-
ture. One of the initial problems in the model-build-
ing process is the question of the beginnings of the
primary presence of the Germanic populations. This
concerns especially the problematic and so far unclear
stage of the development of the Late La Téne peri-
od and during the first half of the 1% century AD.
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In the Middle Danube region monuments character-
istic for the Lt D2 stage (see Droberjar 1995; Pieta
2008; Pollak 2009, Abb. 2) are recorded, but from
the territory of Moravia there is no clearer evidence
of settlement activities, which is explained by the de-
parture of the Celtic population to the west. Similar-
ly, there are almost no Germanic findings from the
Early Roman period (stage A), widely distributed in
the Bohemian basin (Droberjar 1999; 2006b; Salac
2009, Abb. 1, 8). Within the so-far “seemingly” con-
tinuous settlement activities, more or less visible in
archaeological records, within the cultural landscape
of the Moravian ravines several decades of absence
of settlement activities lead to a number of questions.
This hiatus represents one of the significant problems
of the prehistory of the Middle Danube (Cizmat 1993,
423). Evidence of the absence of settlement is often
interpreted as a result of the emigration of local Celtic
populations due to disasters caused by the Dacians
(Tejral 1993, 425-426) and the destabilization of the
Celtic settlement and power structures, which relies on
the testimony of written sources. The existing state of
archaeological knowledge of the Moravian find envi-
ronment provides only scarce traces of Late La Téne
settlement activities from the Lt D2 stage, while the
settlements of the Lt D1 stage are more significantly
represented (Meduna 1968, 67; 1980a; 1980b), despite
the latest discoveries in Bratislava pointing to the sig-
nificant presence of higher social strata in the Lt D2b
stage (Musilova et al., eds. 2014).

The first evidence of the probable presence of the
Germans in the form of unique finds originated in the
Moravian find environment from the middle of the 1*
century AD (Fig. 1). The Middle Danube region was
the scene of complicated processes, whereas archae-
ological evidence provides scattered clues (cp. Tejral
1970b; 1977; 1993, 426-429; 2009), which have only
recently been gradually emerging to fill the gaps in
the archeological sources of this period (e.g., Drober-
jar 2014a; Zeman 2018). The given current state of
knowledge and theoretical constructions enable us to
consider the model of gradual infiltration or coloniza-
tion of Germanic populations into a demographically
“empty” space®. As a source of these movements, the
area of the Bohemian Basin (Tejral 2009) is reported
to be the source of these movements, where the rel-
ative decrease in settlement from the previous phase
A (Salac 2009, 124, 125, Abb. 8) is recorded for stage
Bla. This decrease, however, concerns above all the
area of southern and southwest Bohemia (total area of
about 3,100 sq. km), which compared to the “main”
settlement zone in the wider area of the Bohemian
basin (total area of about 13,000 sq. km) allowed rel-
atively lower population densities (less fertile soils,
higher altitudes and vertical variability). It was prob-
ably a minor source of migrating Germanic popu-
lations. At the same time, there is also an apparent
increase in the number of burial grounds from 25 to
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Fig. 1. Various types of evidence (settlements, burials, unstratified stray finds) reflecting the presence of the Germanic
population from the mid-1st century AD (generally phase B1) to the west of the Little Carpathians (after Droberjar 1997,
Abb. 57; Stuppner 2009; Tejral 2009, Abb. 21; Zeman 2017a, Fig. 1).

Obr. 1. RGzné typy dokladu (sidlisté, pohrby, nestratifikované nélezy) pfitomnosti germanské populace z poloviny 1. stol. n. |I.
(obecné faze B1) zapadné od Malych Karpat (podle Droberjar 1997, Abb. 57; Stuppner 2009; Tejral 2009, Abb. 21; Zeman

2017a, obr. 1).

96 (cp. Droberjar 2006a; 2006b) between these two
regions. Estimates of the population size and density
in this area represent the next step in solving this
complex problem (see Sala¢ 2008, 54). On the basis
of the latest finds from the natural passage between
the Moravian and Bohemian settlement zones of the
Mala Hana region (Jevicko), the early movements of
the Germanic populations from the west can be right-
fully expected here (Droberjar 2014a; 2014b, 257;
Zeman 2017a, 308ff.).

Despite the development in the Middle Danube re-
gion, the larger formation of the Germanic tribes left
the abundant archaeological sources in the first half
of the 1% century in SW Slovakia (the development
generally associated with the so-called “Vannius’
kingdom™’, e.g., Kolnik 1977; Tejral 1993, 425-429),
where the archaeological context is represented es-
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pecially by large necropolises such as Kostolnd,
Abrahdam or Sladkovic¢ovo (Kolnik 1980). Neverthe-
less, the respective settlement components are still
scarce (Varsik 2009; Elschek 2009) and they could
be expected to be discovered at least to some extent
in the future (Pollak 2009). The disappearance of this
political structure is then usually associated with the
emigration of this population from the Middle Danube
region (Tejral 1977). The recent finds from the Middle
reaches of the river Morava can also possibly be asso-
ciated with this political formation (Zeman 2017a, 309)
or at least considered to be contemporaneous with it.
However, the present state of knowledge clearly shows
selectivity (differing regionally, cp. Zeman 2017b)
and large assemblages of metal finds stemming from
predominantly detector prospections (Zeman 2017a,
281), burdened by specific factors and aspects (e.g.,
Komorécezy et al. 2014, 779f.; Komordczy 2018).
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Fig. 2. Evidence of the presence of the Germanic population from the 2" century AD, generally phases B2 and B2/C1
to the west of the Little Carpathians (after Droberjar 1997; Kolbinger 2013; Pollak 1980; Stuppner 2008; Rajtar 1998)
supplemented with verified evidence of the Roman military presence.

Obr. 2. Doklady pfitomnosti germanské populace z 2. stol. n. I. (obecné faze B2 a B2/C1) zapadné od Malych Karpat (podle

Droberjar 1997; Kolbinger 2013; Pollak 1980; Stuppner 2008; Rajtar 1998) doplnéné o ovéfené stopy fimské vojenské

prfitomnosti.

Theoretical models of the archaeological demogra-
phy are important for understanding population mobil-
ity. In particular, it is the different forms of migration,
i.e., the ratio between immigration and emigration
within a given territory (Chamberlain 2006, 38—40;
Neustupny 2007, 194ff.). From the point of view of
the overall development of population dynamics, neg-
ligible movements of individuals are the result of the
greatest extent of exogamous principles in society. On
the other hand, the movement of individual families/
households under “normal” conditions (as opposed
to large scale flights) is expectable more probably at
shorter distances and determined by the dependence
of this basic unit on the already built social environ-
ment and existing network of relations. Large-scale
migration can be divided into several types, above all
internal and external colonization, expansion and in-
vasion (Neustupny 1983, 12). In the case of the initial

phases of the Roman period in the Middle Danube
region, a combination of different types can be con-
sidered, whereas the causes and forms of such human
movements are rarely simple and straightforward.

From the point of view of demographic develop-
ment of the Germanic population in the first two cen-
turies of our era, the natural population growth rate
can be expected to be at least at a rate that compen-
sates for its natural decline. Hitherto known evidence
of the Germanic settlements within the studied area
shows a more evident increase from the end of the
I*t century AD and especially during the 2™ century
AD, culminating apparently in the 2" half of the 2
century (Droberjar 1997, 134ff.). This observed phe-
nomenon is one of the featuring theoretical points of
the model. The development of the Germanic society
in the area is certainly not a linear process in any di-
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Fig. 3. Spatial delimitation of the modelled extent and distribution of the Germanic settlements.
Obr. 3. Prostorové vymezeni modelovaného uzemi a distribuce dokladt germanské sidleni struktury.

rection or dimension, and from the systemic perspec-
tive this “system” evolved dynamically over time (e.g.,
documented changes in political and social structures
through the social stratification within the burial con-
text data between the Early and Late Roman period).

These estimates are also important for complex
knowledge of the Roman military intervention during
the Marcomannic wars on the territory of the Mid-
dle Danube barbarians. The size and density of the
Germanic population must certainly have been one
of the important aspects in the strategic and logistic
planning of the military intervention and occupation
of the Middle Danube Germanic tribal societies. Ac-
cording to some theoretical models, based on specif-
ic findings from a generally northern environment in
a local archaeological record, it was supposed to occur
in the 2" half of the 2™ century AD on immigration
waves (see Tejral 1970a; 2006). However, relatively
limited finds in the dominant local Svebian context
of the West Elbe cultural tradition doesn’t seem to
be easily explainable only by population movements
due to overpopulation in the regions north of our ter-
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ritory (for problematics of migration in general, see
Neustupny 2007, 194-196). Also, it is not without
importance that the first two centuries after the turn
of eras, up to the middle of the 2™ half of the 2
century AD, saw significantly favorable development
of the climatic conditions usually referred as the “Ro-
man optimum” (e.g., Behringer 2010, 90ff.; Koepke,
Baten 2005; McCormick et al. 2012, 174f.). Stable and
convenient conditions inevitably also positively stimu-
lated growth of the Germanic populations in general.
Therefore, a more stable surplus in basic subsistence
sources and a rather minor dynamics in weather ex-
tremes can be anticipated.

2.1. Population dynamics and demography

The fields of paleoanthropology, paleodemography
and archaeological demographics (e.g., Drennan et al.
2015; Hassan 1981; Howell 1986; Chamberlain 2006;
2009; Neustupny 1983; Nikulka 2016; Renfrew 2009),
and population ecology have since their beginnings
dealt amongst others also with the issues of the growth



and self-regulation mechanisms of past populations
(Neustupny 2010, 243), assuming that the natality and
mortality rate were high in general, however, practi-
cally in equilibrium (from the long-term perspective)
throughout the pre-industrial development (see, e.g.,
Polgar 1972). If the values of population growth and
loss are balanced, the population is in a stationary
position, which in practice is rarely likely to happen.
Otherwise, the population is very stable and shows
a change in size over time, most likely moderate
in growth with an expected maximum growth rate
of 2% during the limited period of time (Carneiro
1966; Neustupny 1983, 9-15; Petersen 1975, 232). In
the case of such growth, the population in 100 years
will grow roughly seven times in size (or 1% in 200
years). With locally and temporally limited growth,
when an “open” population is considered, the popu-
lation growth does not necessarily create local pres-
sure, otherwise, it might lead to migration into other
regions if not solved in another way. This situation
naturally also comes into play in the case of a set-
tlement “free” territory, as the well Middle Danube
region at the change of eras. The rapid growth of the
population should also be reflected in a larger num-
ber of children in the population and a lower average
age, but archaeological sources from Germanic burial
grounds are unfortunately not representative enough
to provide such clues and their interpretation possi-
bilities towards demography are burdened by many
factors (preservation of burials, degree of cremation
transformation of anthropological material and per-
sisting diagnostic features, a lack of child burials,
etc.). In the absence of regulatory principles, humans
could have unprecedentedly increased their popula-
tion size in terms of the biological abilities (average
of 8 births per woman; cp. Deevey 1960; Frier 2000,
801; Schultz 1961; Neustupny 1983; Turchin 1995). As
a result of such population growth, the pressure on the
natural environment, or rather sources of subsistence
and surplus, is expected to increase, but such growth
is recorded only recently in the form of “demographic
traps” during the demographic transition (Korotayev
et al. 2011). This development of a reduced mortality
rate and persisting high growth rate is underlined by
a substantial increase in life expectancy associated
with the introduction of modern healthcare and hy-
giene standards.

Issues of population dynamics (e.g., Schacht 1981)
of past societies have been traditionally associated
with a parameter of so-called “carrying capacity” of
the natural environment. It is a certain limit value in
which the population usually experiences a slowdown
of growth or may even lead to different forms of col-
lapse (see Barta, Kovar et al. 2011; Taintner 1988).
The beginnings of population dynamics theory are as-
sociated with T. R. Malthus (1798; for a general out-
line, see, e.g., Wood 1998), which for many decades
defined the basic character of theoretical models. The
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still to some extent prominent and valued concept of
Malthusianism (or more recently, Neo-Malthusianism)
has supported the idea of population dynamics based
on positive population growth and collapse, reaching
a certain maximum corresponding to the concept of
the “capacity” (Odum 1958) of the environment. Fur-
ther development of the population dynamics paradigm
was mainly associated with E. Boserup (1981; see also
Marquette 1997), who demonstrated that this boundary
is conditional based on the technological level of sub-
sistence strategies, and causal growth in subsistence
efficiency increases this limit. According to previous
studies of prehistoric and early historical populations
in the archaeological record, they seem to have been
far below that limit (Read, LeBlanc 2003). Therefore,
it is assumed that the demographic parameters were,
in addition to biological reproduction patterns, also
largely conditioned by cultural aspects (Neustupny
2010, 243). It is likely that the society at that time
was well aware of the demands of subsistence and the
risks associated with non-standard demographic de-
velopments, especially in terms of the coherence of
social structure and social relations. Therefore, the
vital variable of the model would reflect an important
demographic property, the local population density.
Besides the high rates of mortalities at birth and in
the first year of life, in order to regulate the growth of
pre-industrial populations, a number of counter-mea-
sures were taken into account (e.g., selective bans on
marriages, reduced frequency of sexual intercourse,
abortion, infanticide, etc.), which prevented sharp pop-
ulation growth, potential pressure on the landscape
and disturbances in the cohesion of social relations.
Although the existence of these rules is generally as-
sumed, the question remains of the level at which they
were practiced. For an increased rate of population
growth, paleodemography differentiates in principle
two models — exponential and logistic (Schacht 1980).
Both functions would assume at the time of the most
significant growth a change or temporary elimination
of regulatory principles within the population. This
may be local and time-limited growth, often expect-
ed to be compensating for short-term fluctuations and
population gaps such as wars with higher casualties or
other factors causing rising mortality (e.g., climate ex-
tremes with an impact on the subsistence output over
several consecutive years, etc.).

From the viewpoint of complexity, the Germanic
settlement structure of the Middle Danube is divided
into a number of areas of activity (various types of ar-
chaeological components) based on its original function
and purpose (Kuna 1991; Neustupny 2010, 150ff.). In
the current information bases, practically exclusively
residential and funerary components are distinguished
(see Droberjar 1997; Vachitova, Vlach 2011), which is
caused mainly by the limited possibilities of differen-
tiation of the large number of only survey-based sites
(cp. Benninger 1937; Benninger, Freising 1933). Ex-
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amples of evidenced activities of an economic nature
that can be spatially and formally separated from the
two mentioned above are represent above all by the
metallurgical production facilities (e.g., Sudice, Lu-
dikovsky, Souchopova 1981; Lodénice stream basin,
Neustupny, Venclova 1996; Ri¢any region, Venclova,
ed. 2008). In terms of paleodemography, however,
residential and funerary components are of key im-
portance. Residential components (simply settlements)
in the simulation represent the key element (in model
articulated as a type of agent) in the development of
the settlement structure, the cemeteries (the second
type of agent entity of the model), on the other hand,
are a passive element, but their dislocation also tends
to structure the space (i.e., settlements cannot be
built on active burial grounds or in their immediate
vicinity) and they store population cumulative mor-
tality statistics. The model environment is intended
to reflect — on a generalized and complexity reduction
scale — the explicit spatial context of the Middle Dan-
ube region, creating a multidimensional environment
for simulating different demographic scenarios (e.g.,
types of mobility and migration dynamics) with mul-
tiple variables stored within each individual cell of the
model environment (square shaped lattice raster-based
cellular framework).

2.1.1. Burial grounds

One of the most prominent sources for paleode-
mography data as well as for social structure and strat-
ification (e.g., Hiarke 2000) is represented by burial
grounds. Mortality tables based on anthropological
analysis can provide the basics necessary to estimate,
in particular, the values of the life expectancy function
or the average number of buried populations. For the
study of Germanic populations, a form of ritual cen-
tered around cremation, which largely transforms an-
thropological material, reduces the possibility of more
accurate identification of age and gender, which is
crucial for the construction of Halley’s life tables (cp.
Stloukal et al. 1999). However, the basic prerequisites
of stationarity, completeness and closeness to external
migrations (see Neustupny 1983, 21) often make their
establishment problematic. Unfortunately, more rep-
resentative anthropological evaluations are so far un-
available, often due to the sensu stricto transformation
(Neustupny 2007, 64f.) of researches from the more
distant past (e.g., Kostelec na Hané, Zeman 1961). On
the basis of anthropological analyzes from extensive
examined cremation burial grounds of the Roman pe-
riod from the wider region (e.g., Luzec nad Vltavou,
Plotisté nad Labem, TiSice, Opoc¢no and Trebusice),
the mean life expectancy (e ) for men is 46 and for
women 41 years (Chochol 1963; 1970; 1980). Basic
anthropological data are available also from smaller
burial grounds such as Sitbofice (Droberjar, Kazdova
1993, 143) or Velatice (Jilek et al. 2011, 262f.).
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In the last two decades, anthropologists have gen-
erally agreed on the range of life expectancy at birth
(e,) of between 20 and 30 years for pre-industrial
populations (cp. Gavrilov, Gavrilova 1991; Petersen
1975, 233; Scheidel 2011, 13ff.; Stloukal et al. 1999,
365). This figure, along with the total number of bur-
ied individuals recorded in one burial ground and its
duration of use, is the starting point for calculations
of the average size of burying population (Acsadi,
Nemeskéri 1970, 65-66):

D*e,
P = 5 +k

Where P is the average size of the burying popula-
tion, D is the total number of deaths, e life expectancy
at birth, t the burial ground duration, and the correla-
tion factor that was determined by the authors of the
equation to 1/10 t. In this way, at the burial ground in
Opocno with an estimated duration of about 120 years
and an estimated total number of graves of around 320,
the average size of the burying population can be ex-
pected to be between 60 and 70 individuals (Pleinerova
1995, 107). With the given estimates of the standard
size of the early historical community (see Dreslerova
1995), it is probably a burial ground used by multiple
communities. The extent of the larger necropolis in the
western parts of the western Germanic context of the
Elbe basin provides a framework of comparative data.
For example, as a model case the burial ground in Per-
dohl with 650 graves and an estimated duration of about
200 years can serve. The average size of the burying
population is estimated at 100 individuals (probably
more communities), with 3—4 individuals buried each
year (Schuldt 1976, 13). Similar observations were also
made in other comparable burial grounds of the Roman
Period (Voss 1991, 203). However, the large necropo-
lises of the Late Roman period generally involve the
participation of more communities.

In order to obtain basic estimates for the model
parameters (in particular the size of the population
of one “standard” community), a number of graves
was selected as one of the potentially yielding repre-
sentative burial grounds from the region of interest.
Of course, the calculations are burdened by various
types of errors, which are based particularly on the
problematic of more precise determination of the ac-
tivity time in the individual burial grounds (absolute
dating) and the actual number of buried individuals,
which may also be in fundamental contradiction to the
archeologically documented number. Therefore, esti-
mates based on the minimum and maximum probable
duration of use have been included in the calculation
(see Vachitovd, Vlach 2011). Similarly, two values of
the function with a minimum (e, = 20) and maximum



(e, = 30) estimate (Tab. 1) were also included. Tabular
results of the average size of the burying population
are naturally undervalued, as all burial sites are only
partially preserved fragments of the original number.
Estimates of the size of the burying population are not
internally structured and may result from the burial
of one or more communities of different sizes. For
components with a larger estimated duration, there is
a likelihood that the burying community or communi-
ties has undergone development to some extent, which
relativizes the figures. The logically expectable high
variability of the derived values (P1 and P2) points
to the question of the quantitative representativeness
of the archaeological data, but at the same time these
data cannot be simply dismissed and the results must
be critically perceived. The average of 38 individuals
at best represents the minimal expectable values. With
respect to the anticipated participation of more burying
communities in one burial ground, the average size of
one “standard” Germanic agricultural community can
be estimated at an interval rather below the average.
These values in general correlate with the estimates
of the average Protohistoric agricultural community
size (roughly 4 families) based on micro-regions that
have been studied and evaluated above all in detail
(Dreslerova 1995; 1996; 2008, 267-268; Neustupny,
Venclova 1996).

Based on the long-term study of the populations
through anthropologically evaluated representative
data, the average mortality from the Neolithic period
to the Modern age was roughly the same within the
interval of 0.035-0.05 (i.e., roughly between 3.5-5%
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of the deaths per year and about 2/3 of the popu-
lation had lived up to about their fifteenth year, cp.
Acsadi, Nemeskéri 1970; Neustupny 1983, 17, 33),
whereas high mortality up to the second year of life
in contrast with the absence of their manifestation
within the burial context, which tends to distort the
representativeness of the devised proxy data, is a well-
known phenomenon.

2.1.2. Residential areas (settlements)

Significant sources of data for demographic esti-
mates and calculations are also provided by residen-
tial areas (Chamberlain 2006, 126-128; Drennan et
al. 2015). In defining the model parameters, however,
we refer to the present state of the research where,
although it records several hundred of these compo-
nents in the area of the “barbaricum’®, more detailed
and representative data from terrain researches are
still rather limited (see Droberjar 1997, 9-14). Most
documented sites cover at best only a certain part of
the residential areas. When considering the popula-
tion size of settlements, it is more appropriate to use
the interval between the average and the maximum
number of dwellings found (see graph 1), keeping in
mind that it is only a hypothetical approximation. On
the basis of explored settlements during the Roman
period in the Middle Danube region, they do not show
significant variability or change in their structure
and smaller unfortified community areas distributed
within the low-lying regions represent the dominant
type of Germanic context within the Middle Danube

n of documented Minimum estimated Maximum estimated Average of

burials length of use length of use P1 and P2
Pohofrelice 21 50 100 13.4 14.2 17.6 16.3 15.4
Hevlin 29 50 75 16.6 15.2 22.4 191 18.3
Mikulov 36 250 350 27.9 371 29.3 38.1 33.1
Sitbotice 47 250 300 28.8 33.1 30.6 34.7 31.8
Velatice 48 250 300 28.8 33.2 30.8 34.8 31.9
Velké Hostéradky 59 100 250 21.8 29.7 277 3241 27.8
Naklo rough estimates | 100 100 100 30.0 30.0 40.0 40.0 35.0
Saratice 153 50 100 66.2 40.6 96.8 55.9 64.9
Brno-Modfice 231 250 300 43.5 45.4 52.7 531 48.7
Kostelec na Hané 448 200 250 64.8 60.8 87.2 78.8 72.9
Average 117.2 155 212,5 34.2 33.9 43.5 40.3 38.0

Tab. 1. Estimates of the average size of the burial population based on selected Germanic burial grounds of the Roman
period (more than 20 graves). P1 - estimate of life expectancy at birth (e0) 20 years; P2 - estimated life expectancy
(e0) 30 years. Both estimated survival times are calculated with a minimum (1) and maximum (2) estimated duration of the
necropolis.

Tab. 1. Odhady prumérné velikosti pohibivajici populace zalozené na vybranych germanskych nekropolich doby fimské

(s vice nez 20 evidovanymi hroby). P1 - odhad s funkci doZiti pfi narozeni (e,) 20 let; P2 - odhad s funkci doZiti pfi narozeni
(e,) 30 let. Oba odhady jsou kalkulované na zakladé minimalni (1) a maximalni (2) pfedpokladané doby uZivani pohiebisté.
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barbaricum (Droberjar 1997, 17ff.; Komordczy, Vlach
2011, 392-395). Generally, in archaeological sourc-
es from the studied region we find almost no other
settlement type (cp. Leube, ed. 1998 with individual
contributions from the studied region), such as forti-
fied lowland settlements, hill-top sites (with some ex-
ceptions from the Late Roman period, e.g., Mohelno),
more sparsely distributed farmsteads or hamlets (e.g.,
Vi¢nov, Dolni Némci, Droberjar 1988), or extensive
central places with representative traces of political
power presence. The presence of a higher level of so-
cial organization chiefs at least of local or regional im-
portance may be indicated by centrally located, more
sizable above-ground structures — long houses (cp.
Donat 2001), which are known from several sites with-
in the studied region (e.g., Pasohlavky “U vodarny”,
Komoréczy, Vlach 2011, 396, Fig. 5; Olomouc — Slati-
nice, Kagparek 2008; 182; Vyskov — Zleby, Sedo 1991;
1993). Although the Germanic populations lived in the
neighborhood of culturally and politically advanced
entities, where the concept of urbanism manifested
to a certain extent (Celtic civilization, the Roman
Empire), their own economic and social basis was
structured through smaller agricultural settlements
spatially bound to the basic sources of subsistence of
a predominantly autarchic nature strongly dependent
on local environmental conditions, especially geomor-
phology, hydrology and pedology (cp. Droberjar 1997;
Neustupny 2010, 250). On the other hand, regarding
the expectable hierarchy of the social organization,
the differentiation of settlement size must have re-
flected its structure to a certain extent, whereas the
present state of knowledge also points out the pos-
sibility of more extensive settlements (e.g., Jakubov;
Elschek 2009, 242f), which may have emerged and
developed under convenient conditions (e.g., relations
to the higher social strata, control of the key resource
or route passage, etc.). Besides the variability in the
arrangement of the post-holes reflecting the ground
plan of a structure (Droberjar 1997, Abb. 11), they
tend to show limited variability in residential area and
housing floor area of the sunken-floor dwellings (nat-
urally with exceptions on both side of the spectrum),
which is often considered one of the starting points
for reflecting on the size of the family and the size
of the community population (see Chamberlain 2006,
126; Kramer 1982, 163; Wiessner 1974). Naturally, we
know even less about the types of activities within
the settlement hinterland around the residential areas,
which only exclusively leave traces within the archae-
ological context.

According to the study of cultural anthropology,
the basic structuring of society and social relations
correlates with the size and structure of human com-
munities in space (e.g., Crema 2015; Dunbar 1993)°.
Estimates of the number of dwellings and living areas
are often used in paleodemographic estimates. For the
standard size of dwellings corresponding to the domi-
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nant represented type of buildings interpreted as trac-
es of a sunken-floor houses built in the Middle Danube
during the Roman period (Komoréezy, Vlach 2010),
one family of 4-6 individuals is assumed (Dreslerova
1995; 2008, 268; Hassan 1981; Chamberlain 2006,
52; Neustupny 1983, 144; 2010, 243). However, for
further correlation of this estimate there is a lack of
support in the archaeological record, and eventually
an average of 5 individuals per one household unit
was used in the model. When calculating the size of
individual communities based on field records of res-
idential areas, it is necessary to take into account the
contemporaneousness of individual dwellings/house-
holds which, due to deposition and post-deposition
processes, need not be evident through the archae-
ological means of dating, most often pottery sherd
assemblages. Naturally, a dwelling could have also
disappeared due to random events (accidental fire or
collapse). Evidence of repair through doubled post-
holes in Germanic dwellings suggests repair during
the period of use, but is rather uncommon but not un-
known. In this context, the question of the lifetime of
a standard dwelling is often mentioned and is rough-
ly estimated to be around two decades (Neustupny
1986, 227). Therefore, roughly the duration of one
generation. At the same time, through maintenance
of wooden components embedded in the subsoil and
their tanning or “impregnation” with natural organ-
ic substances, a construction can be sustained for
a longer period of time with the replacement of other
components without a load-bearing function (walls,
thatched roof and other components), perhaps even
for many generations. In the case of Vyskov — Zleby
(Sedo 1991; 1993), which so far has the highest num-
ber of explored objects interpreted in the Moravian
environment as the standard form of dwelling, it dates
from the 1* half of the 2™ century AD to the 3" cen-
tury AD, to the late Roman period. In this case, the
estimate of the length of existence of a dwelling would
mean that, at the stationary demographic profile of
the local population, there was an average of about
3 to 7 households at the same time. For comparison,
V. Sala¢ (2008, 51-52) estimates for the settlement in
MIékojedy, where a total of 40 dwellings were found,
a duration of around 80 years and at the same time
between 3 and 10 households. Therefore, the popula-
tion averaged between 15 and 50 individuals. From
the point of view of the main formal characteristics,
support for the estimation of the population size of
the residential areas can be found in Bran¢ (Kolnik
et al. 2007), whose origin and number of dwellings is
roughly similar to the settlement in Vy$kov — Zleby,
although its current state of processing does not allow
further conclusions. However, it is noteworthy that in
Bran¢, where a total of 38 dwellings were examined
within the first two recognized stages of development
(A — 120/140-180/200 AD, i.e., 40-80 years; B —
180/200-250/270 AD, i.e., 50-90 years), the dwellings
from stage A didn’t continue to the following phase,



whereas the third phase archaeological features are
likely to be outside the excavated area (Kolnik et al.
2007, 35). If this phenomenon can be interpreted as
proof of the duration of a dwelling (correlated by con-
structively or otherwise limited life expectancy), then
it would be possible to estimate the length of their
existence at about 1.5 to 3 generations.
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Graph 1. Settlement components with at least two
evidenced sunken floor dwellings within a terrain research
(after Droberjar 1997).

Graf 1. Archeologicky prozkoumané rezidenéni arealy s vice
nez dvéma evidovanymi zahloubenymi obydlimi (podle
Droberjar 1997).

For example, the settlement context of the Lubo-
szyce culture, which presents a picture that is quite
unequivocally accentuated by geography in the dif-
ferent locations of above-ground structures and sunk-
en-floor dwellings. In the sense of the size of the
residential areas, it does not deviate fundamentally
(see Domanski 1979, Hermann, Hrsg. 1973). Rep-
resentatively excavated residential areas show the
variability of the number of objects considered to
be residential at between about 4 and 18 (Drober-
jar 1997, 10). A completely explored settlement from
Waltersdorf dated between the 1** and 5" century AD
provided a total of 52 dwellings and many other set-
tlement features (Kriiger 1987). One of the relative-
ly recently explored settlements in Goritz revealed
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the existence of long house-based farmsteads, within
a time frame of the 2" to the 5" century AD. Here,
there are a total of 30 above-ground structures and 84
sunken-floor houses with parameters similar to the
one-space dwellings in our settlement environment,
which served as workshops here and, together with
above-ground long houses, formed farmstead units
(Berg-Hobohm 2004). The lifetime of one residen-
tial above-ground building has been estimated here
at between 30 and 50 years. In one phase of the de-
velopment (roughly 100 years) there were on average
10 above-ground structures.

A key variable of paleodemographic calculations
is population density. In estimating archaeological de-
mographics, local and global density is usually distin-
guished (e.g. Zimmermann et al. 2009, 373). The differ-
ence lies in calculating the density relative to the size
of the residential area only or the whole territory. The
general nature of the agglomeration of housing compo-
nents in the era of the agricultural economy in prehis-
tory and Protohistory suggests prevailing cooperative
relationships in society due to many different reasons.
Cooperative and assistance relationships can be hier-
archized from a geographical perspective (e.g., Kuna
2004), with the strongest being likely at the level of
a single community whose archaeological manifestation
is usually a residential area. Although the subsistence
strategy and the autarchic mode of production seem to
allow relative self-sufficiency within individual com-
munities, the density of social relations is obvious and
conditional in case of a settlement with respect to the
application of the principles of exogamy and the reali-
zation of elementary economic relations. On the basis of
social differentiation within the archaeological source
(especially burial grounds), in accordance of a complex
or paramount or paramount chiefdom organization, we
find an image of a relatively structured society whose
existence is conditioned by a network of social relation-
ships that hierarchically define relationships between
individuals, families and entire communities.

The derivation of the individual input parame-
ters for model settings clearly shows the dependence
between the size of the local population density, the
maximum size of the community, and the average
distance between adjacent settlements (Neustupny
1986). For such estimates, the region of the present
valley dam Nové Mlyny at the middle course of the
Thaya River, near the confluence with Jihlava and
Svratka can amongst others be used, where a sub-
stantial information from long-term field researches
is available (Fig. 4; Stuchlik ed. 2002). It represents
a unique junction of the regional rivers constituting an
important transitional corridor. The local Germanic
communities were significantly impacted during the
conflict of the Marcomannic wars and the presence of
the Roman army in the wider region is well attested
(e.g., Komordcezy et al. 2018). Although field research

55



Marek Vlach: Demography modelling and simulation of the barbarian populations of the “Marcomannic”...

Dating

[ 1st- 2nd century AD
[ 1st-3rd centry AD
[ 2nd century AD

I 3rd century AD
I dating unavailible
Alluvial landscape

Fig. 4. Dating of the registered components in the Middle Thaya region (after Jelinkova, Kavanova 2002).
Obr. 4. Ramcové datovani evidovanych rezidenénich arealt v regionu stfedniho Podyji (podle Jelinkova, Kavanova 2002).

has not been carried out evenly throughout this area,
the number of archaeological components and their
density allow us to roughly estimate the minimum dis-
tance between neighboring settlements. The level of
examination of each component varies, and only those
that have provided a more accurate dataset have been
included. The problem lies naturally in determining
the contemporaneousness of components that are dat-
ed with a precision of at best half a century. Based on
the available information (Jelinkova, Kavanova 2002)
and interpretations (Tejral 2002), localizable residen-
tial components from the Roman period were divided
into 4 chronological frames according to a century of
positive evidence (Fig. 4). On the basis of a represen-
tative number of components dated to the 2™ centu-
ry AD it was possible to observe and measure direct
distances between neighboring and probably contem-
porary settlements. Evidenced distances ranged from
1 to 2 km (Fig. 5). The problem is the high geomor-
phological variability of the region, which naturally
influenced the spatial structuring of the hinterland and
individual areas of activities. The original structures
in the available data are also distorted by settlement
processes, during which residential areas may have
moved over time.
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In Bohemia, the distance between adjacent settle-
ments was at least 1.5 km (Ernée 1997, Fig. 23) and
in the LuZice stream basin 3—4 km (Sala¢ 2008, 52;
Smrz 1994). The research of settlement structures near
the burial ground in Kostelec na Hané similarly re-
vealed distances between the settlements ranging from
1 to 3 km (Vachidtovd, Vlach 2011, Tab. 1, Fig. 3).
It is worth mentioning that three residential areas,
probably associated with the central burial ground,
ranged from 1 to 1.5 km. Taking into account the
effects of archaeological transformations, this range
may be decreased from the upper boundary. Other
well prospected regions usually provide a comparable
roughly up to 3 km, which has more general validity
throughout the periods of “agricultural” Prehistory
(Neustupny 1986, 231).

A quite rare opportunity to observe the dynamics
of population and settlement density during differ-
ent periods of Prehistory and Protohistory has made
extensive prospecting and field research in the now
non-existent landscape of the Aldenhovener Platte re-
gion in the Rhineland basin possible (Fig. 6; Lenz et
al. 1999, Renfrew 2009, 382). Thanks to many years of
intensive research, archaeological data from the area
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Fig. 5. “Direct” distances between individual settlements from the Middle Thaya region of the Roman period (after

Jelinkova, Kavanova 2002).

Obr. 5. ,Pfimé" vzdalenosti mezi jednotlivymi sousednimi rezidenénimi arealy v regionu stfedniho Podyji (podle Jelinkova,

Kavanova 2002).

provide a far more representative data set than a com-
monly archaeologically explored landscape — predom-
inantly based on artifact surveys — can offer. Over
an area of 34 sq. km, a total of 69 settlements from
different periods (from the Late La Téne period to the
Migration period) were recorded. The culmination of
settlement activities is evident in the 3* and 4 phase
(140 AD to the 2" third of the 3" century AD) where
44 components are registered, resulting in a density
of 1.3 settlements per sq. km. Attention is also given
to the apparent spatial proximity of neighboring com-
ponents, on average about 400 m. Again, it must be
emphasized that the assumption of the parallel exis-
tence of these components within the relatively wide
time spans of the defined phases may be problematic.
In the central area of the studied region of Alden-
hovener Platte there is distinctive structuring along
the regional watercourses (Fig. 7), whereas the spatial
structure of the hinterlands (arable land and pastures)
was based on maximum availability (see Dreslerova
2008, 266-279, Fig. 170). However, in the next phases
of the Roman period development, it has lower den-
sities and the average distance between neighboring

settlements is about 1 km (see Lenz et al. 1999, Tafel
193). Therefore, in an ideal state, the hinterland of
each component would consist of a buffer zone with
an average radius of 0.5 km from a centrally located
residential area. The current models of Prehistorical
and Protohistorical subsistence for one household pro-
pose about 20 hectares (fields, pastures and forests)
needed to satisfy all subsistence claims of one farm-
house with 4-6 individuals (Dreslerova 1995; 2008,
270). Under these assumptions, a buffer zone would
represent an “ideal” (average) hinterland of approxi-
mately 80 ha (probably 4 households).

Estimates of the population size in the Cologne re-
gion gave the average population densities per sq. km
(Zimmermann et al. 2009, Table 3), based on complex
spatial demographic calculations for Iron age periods
(700/600-250/475 BC), expressed for local 4 (oscil-
lating in the range 0.8—11.9 according to the type of
landscape) and global 1.8 (oscillating in the range
0.3-5.5 according to the type of landscape) density.
The context also includes agglomerations with more
significant local population densities (e.g., oppida
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Fig. 6. Aldenhovener Platte (Rheinland, Germany). Example of distribution of 44 settlement components of the 3™ and 4"
phase of settlement; from 140 to the 2™ third of the 3™ century AD (after Lenz et al. 1999, Taf. 192).
Obr. 6. Aldenhovener Platte (Poryni, Némecko). Piiklad distribuce 44 sidlistnich komponent ve 3. a 4. fazi osidleni; 140 n. I. az

2. tretina 3. stol. n. I. (podle Lenz et al. 1999, Taf. 192).

or hill-top settlements, see Turchin, Gavrilets 2009,
173-175), which are also generally lacking in the Ger-
manic environment. For the following Roman period
AD between 150 and 200 the estimated local densi-
ty of the agrarian population is on average between
8.3 and 14.7 persons per sq. km. However, even the
latest estimates within the Roman Empire — such as
it is considered to be a political entity with a high
degree of urbanization — account for only roughly 10
to 15 percent of the urban population (e.g., Wilson
2011, 192). By comparison, for the Danube provinces,
a global population density of about 9 persons per sq.
km is expected for the population census in AD 165
(Frier 2000, Table 5), with an overall average popu-
lation density in the entire Roman Empire of around
15 persons per sq. km (Scheidel 2007, 48).
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2.2. Setup of the model environment

Spatial context within the model is represented
by the environment extent in which activities of the
agent entities are realized. The choice of the spatial
extent of the model environment was directed to cap-
turing an integral part of the Germanic settlements
of Moravia, Lower Austria (Fig. 3), which constitute
a seemingly continuous and internally coherent space.
Regions further to the east of the Little Carpathians
were not included due to the geographic boundaries,
whereas the model targets specific spatial contexts of
the so-called “Marcomannic” settlement zone of the
Middle Danube region to the west of the Little Car-
pathians. The geomorphological context and physical
properties of the modelled extent contain a complex
of diverse landscape phenomena (alluvial landscape,
ravines, hills and hillsides, mountain ranges, etc.), and
its implementation into the model has an irreplace-
able role with respect to the spatial distribution of
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Fig. 7. Aldenhovener Platte (Rheinland, Germany). Cumulative distribution of positive evidence within individual

distinguished phases of development (total of 8 phases; after Lenz et al. 1999, Taf. 190-198).

Obr. 7. Aldenhovener Platte (Poryni, Némecko). Kumulativni distribuce pozitivnich evidenci z jednotlivych rozliSenych fazi

osidleni (celkem 8 fazi; podle Lenz et al. 1999, Taf. 190-198).

agent entities — settlements and burial grounds. The
area of the whole extent covers 32,300 sq. km and
its dimensions are 170 (E-W) by 190 (N-S) km. The
raster cell size (resolution) was set at 500 x 500 m
(340 x 380 grid), where each cell contains a number of
nominal, cardinal and dichotomous variables. For the
actual digital model building, ABM “toolkit” NetLo-
go freeware was used (Fig. 8; Wilensky 1999) and for
the preparation and processing of the model input data
the GIS software ArcGIS 10.6 (by ESRI) was used.

The spatial arrangement of the hitherto known set-
tlements of the housing estates creates the basis for
defining a continuous layer, which, would represent
the predicted or expected values of the “preference”
for the establishment of a settlement (cp. Dresler,
Machéacek 2008; Kuna 2004; Neustupny 2000; 2003).
Input data for the resulting preference prediction are
based on geomorphological and hydrological and pe-
dological conditions (Tab. 2). These categories are

rightfully considered to be the most structuring of
the archaeological components of main interest (see
Tab. 3; Neustupny 1986, 230).

The cost distance from the model river was estab-
lished on the basis of the reconstructed hydrological
network (Flow Accumulation and Direction), which in
linear form served as the source for calculation of the
anisotropic cost path distance (Fig. 9). The basic prop-
erties of geomorphology are represented by a slope
gradient up to 5° (Fig. 10; graph 3). The vertical eco-
logical boundary is also underlined by distribution of
elevation, where almost 90% of all the evidence is
localized below 300 m above sea level (graph 3). Very
close structural relations of the available settlement
evidence are traditionally observed with regard to the
dislocation of soil types (for the used terminology and
classification of soils, see Jones et al. 2005) which
are one of the main prerequisites for the successful
performance of subsistent strategies within the stud-
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Fig. 8. Agent-based model environment (NetLogo software; Wilensky 1999) with map window, controls, monitors of
featuring variables and their visualization over time through graphs.

Obr. 8. Prostredi agentniho modelu (program NetLogo; Wilensky 1999) s mapovym oknem, ovladacimi prvky a monitory
sledovanych hodnot a jejich vizualizace v prubéhu ¢asu prostfednictvim grafa.

Variable Weights in the resulting preference score
Cost distance from reconstructed hydrological network 1 (28%)

Slopes up to 5 degrees 1 (28%)

Preference of pedological units 1 (28%)

Cost path from the major rivers of the region 0,5 (16%)

Tab. 2. Input layers for the calculation of the settlement “preference” layer with the respective weight for its calculation
(function Weighted Overlay).

Tab. 2. Vstupni vrstvy pro odvozeni vrstvy ,preference” sidelnich aktivit s pfisluSnymi hodnotami vahy pro jeji vypocet (funkce
Weighted Overlay).

Fig. 9. Derived layer of cost distance from the
reconstructed river network with normalized values.
Obr. 9. Vrstva odvozené nakladové vzdalenosti

od rekonstruované Fiéni sité s normalizovanymi hodnotami.

Value
1
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Graph 2. Histogram representation of the basic geomorphological properties - slopes (1) and elevation (2) - calculated for

available settlement evidence.

Graf 2. Histogram zastoupeni zékladnich geomorfologickych proménnych - sklon svahu (1) a nadmoriska vyska (2) - odvozena

na zakladé doklad( sidelnich aktivit.

ied context!’. The preference for certain soil types in
particular is well observable (Tab. 3), above all, the
large variety of Chernozems (haplic, calcic and luvic;
total 49% of evidence) which are relatively scarce in
general and cover about 24%. The second most pre-
ferred soils are predominantly Fluvisols (20% of
evidence) and Luvisols (11% of evidences), whereas
they cover 25% of the modelled spatial frame. It also
underlines observable spatial distribution of a large
proportion of the known settlement evidence in the

borderland of alluvial landscapes and within them as
well. It also reflects limitations given by the level of
detail and resolution of input data. The third soil type
preference are Cambisols (dystric and eutric), which
are quite common within the whole studied region
(about 44%). Nevertheless, only 14% of evidence was
localized on this soil type. On the basis of observed
preferences reclassification (Tab. 3) was established
data layer (Fig. 11) for the main “preference” of the
settlement activity layer.
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Fig. 10. Derived layer of slopes with normalized values.
Obr. 10. Vrstva svazitosti s normalizovanymi hodnotami.
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Graph 3. Outline of evidenced soil types in the case of settlement evidence (1, 2 and 3) and comparison with random
distributed control sample to ascertain the general representation of soil types within the whole modelled extent (3). For soil
type codes, see table 3.

Graf 3. Piehled evidovanych typu pud v prfipadé dokladu sidelnich aktivit (1 a 2) a srovnani s kontrolnim souborem bodd ndhodné
distribuce pro odvozeni zastoupeni typu pad v ramci celého modelovaného tzemi (3). Pro kédovani typt pad viz tab. 3.
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Fig. 11. Derived layer of pedological units (soil types)
reclassified on the basis of their occurrence with normalized
values.

Obr. 11. Vrstva distribuce pedologickych jednotek (typu pid)
reklasifikovana na zakladé sledovaného vyskytu dokladu
sidleni struktury s normalizovanymi hodnotami.

Soil type (code)

Value

Soil type (name)

Control points

Count

Percent

Settlements

Count

Prehled vyzkumii 59-2, Brno 2018

Percent

Preference layer

Score

CMdy Cambisol — Dystric 1457 34.6 33 3.1 0.5
CHha Chernozem — Haplic 600 14.2 231 21.6 1
LVha Luvisol — Haplic 581 13.8 115 10.8 0.8
CMeu Cambisol — Eutric 362 8.6 113 10.6 0.8
CHcc Chernozem — Calcic 309 7.3 187 17.5 1
FLeu Fluvisol — Eutrofic 242 5.7 165 15.5 1
ARha Arenosol — Haplic 108 2.6 35 3.3 0.5
CHIv Chernozem - Luvic 105 2.5 111 10.4 0.8
FLmo Fluvisol — Molic 97 23 35 3.3 0.5
LPrz Leptosol — Rendzic 79 1.9 4 0.5 0.1
Lvgl Luvisol — Gleyic 75 1.8 2 0.3 0.1
PHha Phaeozem - Haplic 46 1.1 21 2.0 0.5
Lvab Luvisol — Albic 40 0.9 0 0.0 0.1
PLdy Planosol — Dystric 37 0.9 3 0.4 0.1
Lvdy Luvisol — Dystric 30 0.7 0 0.0 0.1
CMgl Cambisol — Gleyic 25 0.6 0 0.0 0.1
FlLca Fluvisol — Calcic 19 0.5 1 1.0 0.1
Sum 4212 1066

Tab. 3. Outline of evidenced soil types in the case of available settlements and comparison with the random distributed

control sample to ascertain the general representation of soil types within the whole modelled extent.

Tab. 3. Prehled evidovanych typl pud v pfipadé evidence sidelni struktury a srovnani s kontrolnim souborem bod( nahodné

distribuce pro odvozeni zastoupeni typt pid v réamci celého modelovaného rozsahu.
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Fig. 12. Derived layer of cost distance from the selected
regionally significant rivers with normalized values.

Obr. 12. Vrstva odvozené néakladové vzdalenosti

od vybranych vyznamnych regionalnich vodnich tokt

s normalizovanymi hodnotami.

Value
1

The importance of some distinguishing axial wa-
tercourses of the modelled region (the Morava, Tha-
ya, Jihlava and Svratka rivers with particular spatial
relevance of the context of the Moravian ravines and
Vienna basin) was taken into account in the model,
based on empirically observed spatial structures with-
in the available archaeological data through a derived
layer of cost distance from selected structuring water
flows (Fig. 12). This layer entered the resulting pre-
diction by only half the weight. All the derived layers
were reclassified to range from O to 1 to provide equal
weights, which ultimately constituted multiple input
for the Weighted Overlay function (Fig. 13).

Alluvial landscapes (e.g., Kfizek 2007; Lozek
1973), which are spatially defined mainly by fluvial
sediments, played a specific role in spatial distribu-
tion of the settlement structure over significant time
spans and represented a still dynamically changing
environment during the Holocene. An area of about
1619 sq. km of alluvial floodplain of the significant
“backbone” watercourses within the studied region
covers about 15% of the whole studied extent and
represents distinctive landscape phenomena of the
most densely populated regions along the significant
river courses. Previous environmental studies confirm
the relatively stable and “low dynamics” sedimen-
tation processes during the first two centuries after
the change of eras (e.g., Brown 1997; Polac¢ek 1999),
which generally correlates with assumptions about
positive climatic conditions (McCormick et al. 2012).
The former shape and hydrological dynamics of the
alluvial landscapes, therefore, enabled settlement ac-
tivities without a significant risk of larger-scale floods
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(cp. Dreslerovd 2004), which more frequent occur-
rence usually associated with later interventions in
the upland environments and its deforestation (gen-
erally from the Medieval period onwards), on more
significant hydrogeomorphological features (so-called
“dunes” and other formations convenient for the de-
velopment of residential and other adjoined areas of
activities; cp. Opravil 1983; Havlicek, Peska 1992;
LozZek 2003; 2007; 2010). However, the generalization
of assumptions for the entire alluvial landscape is also
problematic because as its shape and vertical variabil-
ity are determined by hydrological dynamics and the
various local (as well as more remote upstream parts)
biotic and abiotic properties (Sefrna 2007). Apart from
conditions for the establishment of a residential area,
there is also the substantial prospect of a multifacet-
ed economic use of the alluvial landscape, amongst
others for forest pasture and as a source of wood for
various purposes (see Dreslerova 2012; Dreslerova,
Sadlo 2000; Pokorny, Dreslerova 2007, 45; Rulf 1994).

2.3. Model settings, rules of behavior and
processes

Naturally, there are countless trajectories of short-
and long-term development on various scales. There-
fore, formulating principles for demographic develop-
ment on the level of individual actors — agents - may
necessarily exclude nonstructural (random-based)
events, such as internal and external warfare and raids,
spread of infectious diseases, exercise of chiefly po-
litical power, presence and effect of retinues, natural
disasters, etc. The framework of the assembled model



Fig. 13. The result of the Weighted Overlay representing
the final model input layer of “preference” of settlement
activities.

Obr. 13. Vysledek funkce Weighted Overlay reprezentujici
finalni vstupni vrstvu ,preference” sidelnich aktivit.

Value

based on agent entities also receives the dimension of
discrete time, which, unlike “archaeological time” (see
Neustupny 2010, 184ff.). It provides an indispensable
prerequisite for the exploration of possible outcomes
of the featuring scenarios and settings which consider
the possibilities of settlement structure development
throughout demographic processes, such as intrinsic
growth and migration. Due to the temporal resolution
of the featuring demographic variables, each simula-
tion step (iteration) was set to one year. At each step,
values are recalculated for all agents who meet all
the conditions for that process at the time. One of the
main steps in building a digital multiagent model is
defining the actors — types of agent entities. As the
main subject of the demographic calculations is the
studied population, it enters the model in the form of
a reduced complexity entity associable with the resi-
dential area, which is defined through basic properties
for calculations during the simulation (population size,
local population density, gross and net rate of increase/
decrease in population, number of births/deaths, etc.).
The total simulation time of 135 years was set to cover
the time span between roughly AD 30 and AD 165, the
period from the first populations entering the studied
region up to the eve of the Marcomannic wars, which
clearly disrupted development of the local Germanic
communities to certain extent.

The development of demographic characteristics
can also be monitored through the second type of
agent, representeds the burial grounds. During the
simulation, these entities keep information about
the number of deaths based on one or more burying
communities. The assumption of possible “sharing” of
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burial grounds within multiple communities was taken
into account, which among other things enabled a val-
idation of the development of burials (the cumulative
number of burials) according to their availability and
the impact on the spatial structure of the settlement
landscape. The maximum search distance for use of
the existing burial ground at an accessible distance
was deductively set at 3 km, with the newly created
burial ground being situated within a 1 km radius of
the residential area. Although this agent type only re-
cords the number of buried individuals, the develop-
ment of population dynamics and its spatial expression
makes it possible to observe variability in the size
and number of buried individuals in simulated burial
grounds. This type of agent entity does not commu-
nicate in the surrounding environment and does not
change its position. The agent arises as a result of
demographic development and is established by a set-
tlement-type agent. The annual mortality rate in each
settlement is added to the associated burial ground.

The emergence and extinction of settlement-type
agents are linked to demographic processes. The com-
munity area would disappear if there is a drop in the
population below 3 individuals. As is well observable
from the archaeological data, the duration or life span
of a standard settlement may vary significantly, re-
flecting only a single phase or "short-term" duration
on the one hand and “long-term” settlement activities
during even more than several centuries, on the other.
Therefore, a principle of settlement “life expectancy”
was implemented which arbitrarily established a gen-
erated random number in the range between 25 (one
generation life span) and 150 years. The mean life
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expectancy of a settlement, therefore, is 62.5 years
and a certain proportion of the settlements (roughly
15%) would last for the whole simulated time frame.
In the basic settings the annual population growth rate
within each settlement is based on a random num-
ber ranging from 2 to 6%, whereas the mortality rate
ranged from 2 to 4%, resulting in a mean net popu-
lation surplus of about 1%. Settings were also test-
ed with that value at 2% considering the significant
short-term intrinsic population growth. During the
simulation, the birth rate variable is dependent on the
density of local social relations and the highest rate
of population growth is recorded in the short term.
The growth rate of the population is driven by the low
density of social relations within the areas of scarcer
habitation and where there was a natural sufficiency
of resources for settlement activities.

The featuring input variable of the model envi-
ronment in form of the “settlement activity prefer-
ence” values were set to the range 0.75 — 1 (total area
15,100 sq. km''), which covers roughly 50% of the
modelled extent and thus provides sufficient “free-
dom” for the emergent developments of the artificial
settlement structure. During the simulation, site selec-
tion for establishing or re-establishing a settlement is
based on the search distance from the default compo-
nent and the location of the highest preference values
(Fig. 13). In the case of the foundation of a new settle-
ment resulting from the population surpluses, up to the
distance of the search radius (initially 20 km for the
purpose of contact maintenance with the place of em-
igration origin within one-day’s walk) the location for
a new settlement is found. The search algorithm will
find the best available location and after emergence of
the residential area the hinterland is allocated accord-
ing to the calculated population size. Its shape should
not be structured as just a regular circle in accordance
with of the requirement for the best availability, but
with regard to the local geomorphological conditions,
prerequisites for hinterland quality and existing allo-
cated hinterlands of the neighboring settlements, its
spatial distribution and shape may vary (its allocation
is still based on the principle of proximity to the res-
idential area). If a sufficient value/location cannot be
found, the preference interval extends downwards by
0.05 and the search distance by 5 km until an adequate
location for the new location is found. Naturally, in the
“real” situations of the back then “alive” anthropolog-
ical context, decisions were not subject just to these
criteria (such as strategic decisions of the elites), and
the social structure was also involved in the search
process through the iteratively calculated variables of
the local population density. As a result, the choice of
place to locate a new settlement (residential area) is
based on both the quality of the environmental prop-
erties (settlement preference) and on the proximity and
size of the existing settlement structure at the same
time (especially due to the principles of cooperative
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relations and exogamy of the neighboring "settle-
ments" or the distance of available community areas).

As can be seen from the featuring input data for
the demographic model, such as settlement size and
demand for hinterland size, many of these variable
cannot be easily deduced and set, thus testing of their
influence was enabled through a series of established
scenarios (providing a sort of sensitivity test), vary-
ing in the basic model’s initial settings. Given the
number of variables and permutations of all variants
of the model scenarios, it would make it difficult to
interpret all the simulation results. One of the test-
ed economic-demography properties was the condi-
tionality of the size of the population of a residential
area and requirements for spatial distribution of the
hinterland (see Tab. 4). These factors were represent-
ed by the input settings in the model. The first vari-
able in question is the interval of the minimum and
maximum number of household per one settlement
(generally the size of the settlement) tested at levels:
a) 5-10 and b) 5-20. In the model loading phase, the
settlement sizes are generated on the basis of random
exponential probability distribution (with the mean
value at the upper margin of the interval) resulting
in a greater proportion of “smaller” and more scarce
“larger” settlements reflecting the upper margin of
expected contemporaneously existing households
(Fig. 14). Therefore, in this setting the mean popula-
tion size of one community residential area consists
of 25 individuals and the largest one doesn’t exceed
70 individuals. To set up the same starting popula-
tion size in both of the testing intervals, the starting
count of settlements (300 and 400 respectively) was
adjusted, resulting in both cases in a starting pop-
ulation of about 10 thousand, which was arbitrarily
set on the basis of an acceptable number in terms of
a standard tribal population size (Steuer 2006, 229).
The first interval also reflects existing estimates of
a standard Protohistoric rural lowland settlement size
(Dreslerova 1995; 1996). The second testing interval
is based on the average of the observed occurrence
frequency of the inhabited dwellings of the Germanic
residential area in the Middle Danube region and also
reflects the possibility of more pronounced vertical
differentiation including the existence of larger settle-
ments with potentially closer connections to the high-
er levels of social organization units (chiefs). In this
case, the mean population size of a community would
be roughly 30 persons with variability on the basis of
exponential distribution (from 25 to 200). The sec-
ond tested variable with the considerable importance
for spatial structuring represents requirements for the
area necessary to conduct agricultural production and
the basic material procurement per “standard” house-
hold. It was formulated as three threshold values
(representing the minimum, moderate and maximum
expectations): a) 15 ha; b) 20 ha; c) 25 ha (Tab. 4).
Alternative values to the above-discussed model were
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Settlement population size Settlement population size
2560 1420 —
0 0 .
0 150 0 150
Hinterland size used Hinterland size used
2590 1270
0 —1 | | —
0 200 0 200
Settlement distances Settlement distances
3480 — 2750 s
0 1 0 L
0 10 0 10

Fig. 14. Comparison of modelled settlement population size distribution within the preset testing intervals (1 - a; 2 - b)

complemented with the respective distribution hinterland size and frequency of distances between neighboring settlements.

The settings are based on scenario 1.2 (table 4).

Obr. 14. Srovnani modelované distribuce sidleni struktury v ramci pfednastavenych testovacich intervald (1 - a; 2 - b)

doplnéna o pfislusné rozsahy zazemi a frekvence vyslednych vzdalenosti mezi sousednimi rezidenénimi arealy. Nastaveni

vychazi z nastaveni scénare 1.2 (tab. 4).

tested on the assumption that the estimated extent of
the hinterland can be substantially smaller in practice
compared to what is anticipated, while some of the
significant factors such as fertilization of fields play
the role (see Dreslerova 2008, 267ff.).

Inevitably, apart from potential outcomes of intrin-
sic growth in the Middle Danube region population,
the implementation of theoretically assumed immigra-
tion to the studied region on a more significant scale
also had to be considered. Archaeological evidence
and available means of temporal resolution of settle-
ment dynamics (especially chronology based on pot-
tery) as well as the state of processing and publishing
of the excavated residential areas in general do not
provide a sufficient source for the derivation of such
proxy data in representative amounts and spatial dis-
tributions. Because of that, this process was pre-set
as presumed larger immigration weaves continuously
during the first 3 decades of the simulation time frame
resulting in the total of roughly 50 thousand.

3. Scenarios, simulation results and
discussion

A combination of the above-mentioned settings
generates a simple matrix of the results (Tab. 4), where
the variants mainly differentiate population size, local
population density, number of settlements and burial
grounds (e.g., average number of graves or maximum
number of graves). Other input values (especially an-
nual gross natality and mortality) remained the same
in all the scenarios. In principle, the main set of sce-
narios is intended to test the concept of the capacity of
the environment in general, which in the archaeolog-
ical record is reflected by the “maximum” expectable
extent of archaeologically attested distributions of
empirically documented settlement activities (Fig. 2
and 3), with respect to intrinsic growth and external
immigration. With the given starting conditions, it
was also tested what outcome would generate a sce-
nario providing external immigration was turned off,
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Fig. 15. Scenario 1.2 (mean module): The results of the population density distribution within the basic simulation steps
(one generation, i.e., 25 years) of the model.

Obr. 15. Scénar 1.2 (stfedni modul): Vysledky distribuce modelované hustoty populace v ramci vybranych krok( simulace
(jedna generace, tj. 25 let) modelu.

Fig. 16. Scenario 1.2 (mean module): The results of the population “continuity” (intensity is based on accumulated
evidenced presence of the settlement hinterland at each iteration) within the basic simulation steps (one generation, i.e.,
25 years) of the model.

Obr. 16. Scénar 1.2 (stfedni modul): Vysledky modelovani ,kontinuity osidleni” (intenzita zaloZzena na akumulaci evidované
pfitomnosti zazemi sidlist v kazdé iteraci simulace) v ramci vybranych krok( simulace (jedna generace, tj. 25 let) modelu.
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whereas the expanse of the settlement structure would
be a result only of internal population growth, while
testing values were set to 1% and 2%. In the first case,
the population reaches roughly 100 thousand and the
spatial distribution of the settlements evidently doesn’t
match its empirically attested extent. In the latter case
the results would provide more fitting patterns, never-
theless, the growth rate itself would represent rather
unusual, however, not impossible conditions.

The result of these settings is usually continuous
coverage of the model zone with settlements, often in
the maximum possible distribution roughly at popula-
tion sizes above 180 thousand (up to but not exceeding
210 thousand). With respect to the overall possibilities
of settlement structuring (settlement population size
and requirements for the extent of the hinterland) it
seems improbable that the population within the mod-
elled extent of the Middle Danube barbaricum could
have exceeded 200 thousand inhabitants. In such case,
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the global population density would overpass values
expected for the Danube provinces with regard to
forms, sizes and distribution of human settlements
here. The results point to the possibility of a more
pronounced spatial variability of the local population
density (Fig. 14), which expectedly reflects one of the
featuring principles of the respective social organiza-
tion (Feinman 2013, 35-36, Table 2.6). The resulting
distribution of local population density values (Fig. 18
and 19) represents a certain cognitive map from the
point of view of structuring the landscape according to
the social interaction in the space (cp. Neustupny 2010,
160ff.). Based on the two testing levels of a “standard”
settlement size also the structure of space between
neighboring settlements differs more significantly as
well as area for hinterland. In the scenario settings
(a) roughly 50% of settlements have their neighbors
within the 1 km radius and other 50% up to 1.5 km.
In case of the second settings (b) the gaps are wider
as the hinterland size establishes a greater buffer zone.

15 persons per sq. km

P 7 e /
Settlement evidences Ew =1 p ; JLK_
] modelled extent c:m’ S
Local population density ot v . | /\
w5 persons per sq. km » | T8 e %7,
Pl "g\‘. i = -~ .‘. 2, \\\

S

\

Fig. 17. Distribution of Germanic settlement evidence and the modelled local population density (based on scenario 1.2)

from the terminal phase of the simulation right before the Marcomannic wars.

Obr. 17. Distribuce evidovanych dokladt germanské sidelni struktury a modelované lokalni hustoty populace (scénar 1.2)

z konecné iterace simulace pfed po¢atkem markomanskych valek.
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The modelled scenarios, regardless of the specif-
ic manifestations of dynamics producing minor vari-
ability within the individual scenario settings, allow
us to record the basic demographic parameters (total
population size, global and local population density
per sq. km, total number of births/deaths, graves in
burial grounds, etc.). Comparing the influence of the
main testing parameters on the quantitative charac-
teristics of the modelled demographic properties of
the Germanic populations within the studied region
of Moravia, Lower Austria and the region of Slovaki-
an Zahorie, makes it possible to determine the prob-
ability interval of the total population size. Various
settings of scenarios allow the “primary” interval to
be estimated from 130 to 210 thousand persons within
the studied regions (Tab. 4). However, this probabili-
ty range is internally structured (the main conditions
under which the model simulation reached the final
stage are known), and each of the simulated scenarios
is “credible” based only on the input variables. There-
fore, this broad probability interval can be limited by
“extreme” scenario settings, with an excessive number
of households per one residential complex. The den-
sity of settlements would range from 0.2 to 0.4 per

5-10 households /
settlement

Scenario 1.1

5-20 households /
settlement

15 ha / household Scenario 2.1

TP: 209k; TS: 7720
LPD: 16.2; GPD: 8.3
MD: 1.5; MHS: 65

TP: 201k; TS: 6150
LPD: 15.1; GPD: 8.4
MD: 1.8; MHS: 93

20 ha / household

Scenario 1.2

TP: 176k; TS: 6550
LPD: 13.5; GPD: 7.1
MD: 1.8; MHS: 95

Scenario 2.2

TP: 169k; TS: 4840
LPD: 13; GPD: 6.8
MD: 2.1; MHS: 127

25 ha / household

Scenario 1.3
TP: 143k; TS: 5460
LPD: 11.3; GPD: 5.7

Scenario 2.3
TP: 131k; TS: 4320
LPD: 10.1; GPD: 5.2

MD: 2; MHS: 121 MD: 2.4; MHS: 158

Tab. 4. The main results of the model scenarios are the
correlation between the size of the background and the size
of the settlement areas and the calculated values of the
funeral complexes. The results in the table are based on the
mean values of the 10 simulation runs. TP: total population,
TS: number of settlements, LPD: local population density,
GPD: global population density (sq. km), MD: mean distance
between settlements (residential areas), MHS: mean
hinterland size (ha). The search radius for the assignment of
burial grounds was set to 3 km in all the scenarios.

Tab. 4. Hlavni vysledky modelovani v ramci jednotlivych
scénara predstavuji kombinaci mezi velikosti hospodarského
zazemi a velikosti reziden¢nich aredlu. Vysledné hodnoty
predstavuji priméry 5 simulaci v ramci kazdého scénéare.

TP: celkova populace, TS: pocet rezidencnich areald,

LPD: lokalni hustota populace (sq. km), GPD: globalni hustota
populace (sq. km), MD: primérna vzdalenost mezi sidlisti
(reziden¢nimi areély), MHS: prumérna rozloha hospodarského
zazemi (ha). Vyhledavaci vzdalenost pro pfifazeni sidlisté

a pohrebisté byla ve vSech pfipadech stanovena na 3 km.
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sq. km of the inhabited landscape and their sum would
vary between 4 and 7 thousand. Local population den-
sity would range from 10 to 15 persons per sq. km of
the settlement zone. The narrowed probability interval
(roughly 20) could then be expected to range between
150 and 190 thousand'.

The quantitative aspects of migration processes
and their dynamics can be very problematic given
the possibilities of their manifestations within the ar-
chaeological record. The key is knowledge about the
local demographic parameters from the entire region,
which would allow different fluctuations to be judged
in a quantitative context. In the case of high settings
of intrinsic growth (net 2%), this leads to an onset of
exponential sharp increase roughly at the end of the
I* and beginning of the 2™ century AD. An accord-
ingly significant increase is also exhibited within the
archaeological record during phase B in general. To
some extent, it may suggest the role of this trajectory
of population development reflected within the scale,
size and density of the Germanic settlement structure.
It is also important to note that if the immigration
rate would be significantly high during the 1% centu-
ry AD in the studied region, archaeological sources
would at least to some extent also reflect such demo-
graphic change accordingly. Therefore, the 2" century
increase was caused either by still ongoing (thus ex-
pectably more stable or at least with a significant time
offset of migration waves) immigration or significant
intrinsic population growth. As well, if contemplating
any possible migration trajectories, their destination
has to provide sufficient means for performance of
subsistence strategies. Therefore, the more the studied
region was settled during the period, the fewer popu-
lations would immigrate.

Maximum values were achieved in the case of
the resulting virtually “continuous” coverage of the
settlement zone. According to the input interval of
the number of households per one residential area,
the resulting number of settlements at the end of the
simulation of individual scenarios ranged between 4
and 7 thousand. For comparison of the calculated to-
tal population, available estimates from Bohemia are
available. For the La Téne period, estimates presently
range from 160 to 200 thousand inhabitants, including
the oppidum environment (Sala¢ 2008, 42; Waldhau-
ser 2001, 23). For the Roman period, more realistic
estimates are roughly at the same level (Sala¢ 2008,
54). At the “gross” size of the studied settlement area
of roughly 13,000 sq. km, the local population den-
sity can be estimated in the range between 12.3 and
15.4 persons per sq. km. However, some estimates
even contemplate half a million inhabitants of Bohe-
mia during the Roman period (Motykova 1976, 181;
Pleiner, Rybova et al. 1978, 722), which would repre-
sent a very high local population density of 38.5 per-
sons per sq. km.



Prehled vyzkumii 59-2, Brno 2018

Fig. 18. Visualization of the final iteration (simulation step) in the individual scenarios (see table 4).

Obr. 18. Vizualizace finalni iterace simulace v ramci jednotlivych scénari (srov. tab. 4).
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Count of set- Ratio between Average number

tlements/burial settlements/burial of burials per
grounds grounds burial ground
1 km | 3400/2900 1.2 100
2 km 3400/1400 2.4 210
3 km | 3400/760 45 380

Table 5. Comparison of the results with the three testing
threshold values of the maximum search distance (1, 2 and
3 km) for an existing burial ground (see figure 19).

Tab. 5. Srovnani vysledku v ramci tii testovanych
maximalnich vyhledavacich vzdalenosti (1, 2 a 3 km) pro
prifazeni k existujicimu pohfebnimu arealu (viz obr. 19).

During the simulation process in general, it was
also intended to monitor the impact of the spatial dis-
tribution of residential areas on the spatial accessibil-

ity and possiblity of “sharing” of neighboring burial
grounds by multiple communities/settlements. During
the simulation process a newly established settlement
founds also the respective burial ground or connects
with an already existing one within one of the three
testing search radiuses — 1, 2 and 3 km (Tab. 6, Fig. 19),
which resulted in the overall structuring of the main
characteristics of the modelled properties of burial
grounds (sum of burials, sum of burying communi-
ties). Naturally, the individual connection of a buri-
al ground (as well as localization) with neighboring
settlements stems from wide range of aspects, which
are impossible to reconstruct and were often based on
irrational religion-based reasons. The resulting figures,
however, represent burial accumulations from the total
burying population which has to be decreased by the
age (above all infants) or other specific group (slaves?)
which was not presumably buried due to their status
in society and the respective right for a proper burial.

Average number of graves per
burial ground: 109

Average number of graves per
burial ground: 214

Average number of graves per
burial ground: 384

Burial ground/settlement ratio Burial ground/settlement ratio Burial ground/settlement ratio

2480 419 122
o 0 0

0 15 0 15 0 15

Cummulative graves Cummulative graves Cummulative graves

2110 668 276
0 o (]

0 2000 0 2000 0 3000

Fig. 19. An example of the influence of the maximum search distance (1, 2 and 3 km) for the “sharing” of burial grounds

by multiple communities in the overall arrangement of the settlement space.

Obr. 19. Pfiklad vlivu maximalni vyhledavaci vzdalenosti (do 1, 2 a 3 km) pro ,,sdileni“ pohfebnich arealu vice komunitami

a usporadani prostoru sidelni struktury.
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The modelling results also provide input into the
quantification of some aspects of the Roman military
intervention in the studied region, especially within
the key stage of development during the so-called
Marcomannic wars. Increased population mobility
during this period is mentioned in written sources
and documented through certain hints also within the
archaeological record (e.g., Tejral 1970a; 2006). Nev-
ertheless, simulation-based estimates make it possible
to calculate the probable size of the population of the
occupied territory. If these demographic processes re-
ally had a major impact on local settlement structures,
it might be possible to consider a lower margin to the
overall probability range of total population estimates.
The density of the Germanic settlements in the area
was certainly important within the given strategic
conceptions of the large-scale occupation of the Ger-
manic settlement area (see Komoréczy, Vlach 2010;
2015). Overall conditions of the landscape possibili-
ty would be influenced by the density of settlements
and distribution of population. These conditions were
expectably of high importance in the establishment
of Roman military installations (especially temporary
camps) within the studied area, which are often locat-
ed in places with previous and sometimes subsequent
settlement activates (e.g., MuSov — Na Piskach, Zavod;
cp. Komoréezy, Vlach 2010, 252ff.).

The resulting modelled settlement structure,
amongst others, provides a comparative dataset to-
wards the quantitative information of the available
literary sources. Many analyzes have highlighted the
problematic aspects of quantities within the written
sources in particular. The most specific narratives
about the individual episodes or phases of the conflict
come from Cassius Dio. Some of them refer to prison-
ers of war in numbers in the order of tens of thousands
(50" and even 100'") who were returned to Rome,
which appears to be somewhat problematic within the
constraints given by the modelling results. The pop-
ulation of prisoners captured by the Germans during
the fighting and plundering phases within the province
of Pannonia would significantly burden the existing
subsistence base. The presence of these populations
in the provincial environment also generates a number
of questions about their absence in the archaeological
record. One of the often quoted pieces of quantitative
information on the presence of the Roman army expe-
ditionary forces on the territory of the Middle Danube
region is a figure of 20 thousand soldiers (on both the
tribal territory of Marcomanni and Quadi) who occu-
pied the area during the terminal phases of the Mar-
comannic wars and, according to historical narratives,
made the living conditions of the local populations
considerably more difficult’s. If it can be assumed that
the local Germanic population could comprise about
20% of the “fit-to-fight” proportion of the population,
it would be roughly from 30 to 38 thousand poten-
tial warriors, which could be levied from the general
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population to accompany “professional” warriors from
chieftain retinues'®. If there is any possibility that the
narrative sources reach anywhere near the real figures,
it would represent a relatively comparable size with
superiority in numbers on the barbarian side. Nev-
ertheless, by the time of the terminal phases of the
Marcomannic wars, after many years of conflict, the
available barbarian fighting force would diminish to
some extent. However, there are other tribes which
were mentioned during the conflict and which also
came from other regions (e.g., Langobards and Obii at
the beginning of the conflict). At the same time, the
relatively high numbers of Germanic warriors were in
several instances in the conflict assigned under Roman
leadership, probably from the local populations of the
Middle Danube, e.g., in one case 8 thousand horse-
men'” and at the end of the conflict even 13 thousand
warriors from Quadi and a comparable number from
Marcomanni, are mentioned's.

Spatial aspects of the local population density dis-
tribution based on modelling results point to the appar-
ent disproportion between the observed (archaeologi-
cal record) and expected (potential local density maps
generated by modelling; Fig. 17) datasets. Naturally,
the empirically observed and recorded archaeological
evidence is not spatially or qualitatively representa-
tive, is subject to an unknown pattern of selection due
to various transformation processes, and corresponds
to the state of the current knowledge base. Generally,
however, the modelled population densities, compared
to the observed records, are correlated to some extent
through the principles and model input data. Amongst
several questions that emerged is the inconsistency of
the high predicted characteristics for settlement ac-
tivities in the lowland area north of the Danube River
— Vienna basin where, compared to other regions, we
lack more distinguishable evidence (see Pollak 1980).
At the same time, several pieces of evidence come
from the area of the Lower reaches of the Morava
River. The often-mentioned prohibition on settlements
of the Germans after the Marcomannic wars was to
concern only 38 stadii'®, generating a buffer zone with
a radius of between 6.7 and 7.3 km to the north of the
Danube, which couldn’t have played a significant role
in the perspective of the large-scale spatial patterns of
the settlement structure. In particular, it would not be
justified if the area of the investigated territory was
permanently occupied by the Roman army from the
beginning of the offensive phases of the Marcoman-
nic wars (Tejral 1999). A similar situation of almost
missing empirical data and higher modelled densities
can be observed in the northernmost part of the Up-
per Moravia ravine. On the other hand, other areas
of the model show a significant correlation between
observed and modelled density. A similar correlation
seems to be observable in the case of the distribution
of the verified Roman military installations, espe-
cially the temporary camps (Fig. 20), e.g., the sur-
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Fig. 20. Distribution of verified Roman military installations, especially the temporary camps.

Obr. 20. Rozmisténi potvrzenych fimskych vojenskych lokalit, zejména do&asnych tabord.

roundings of the temporary camps in Hulin-Pravdice,
Olomouc-Nefedin, Bernhardsthal, Modfice and others
(cp. Komordécezy, Vlach 2017). That also may underline
the importance of their locations with respect to either
observed or modelled expectable population distribu-
tions, thus reflecting features of the Roman admin-
istration policy during the campaign and large-scale
occupation of the modelled region.

In conclusion, it is necessary to add that the de-
sign and thus the results of the model are directly
proportional to the errors resulting from the incom-
pleteness and fragmentation of the knowledge of the

primary archaeological sources, therefore, the model
input data. The state of knowledge of the Germanic
settlements and settlement structure is a major source
of uncertainty in determining the input parameters
for the whole modelled extent. Although the present-
ed attempt of the emulative agent-based modelling
focused on the basic demographic properties provides
some quantitative, spatial and temporal insights, en-
richment of available and still increasing data from
the Germanic settlement would make it possible to
further refine the model and its design, and perhaps
also to achieve proportionally different results in the
future.



Notes

This paper originated within the framework of the grant project
of the Czech Science Foundation GA CR no. 15-20700S “The
Roman Period Cremation Burial Ground in Modfice and East

Germanic Expansion Problems”.

Cassius Dio (71.15.1) refers directly to the situation in which
the Quadi were denied access to the marginal markets in order
to prevent the Marcomanni tribe, which at that time was still in
military conflict with the Roman Empire, from being infiltrated
and there was a need to avoid possible espionage activity on
their part (Austin, Rankov 1995, 27).

The paper is based on the 3" chapter of the author’s PhD the-
ses (Comenius University in Bratislava, Faculty of Arts) led by
J. Rajtar. It also represents another development stage of the
previous “preliminary” model presented at the 22" Limes Con-
gress in ruse (Vlach 2015).

According to narrative sources, these commercial relations
were realized through commodity exchange, but to date, the
very abundant and ever increasing number of Roman coins hi-
ghlight the question of their use in “cross-border” trade, a pay-
ment system which was organized by the higher segments of the
society (chiefs or other important persons) in larger volumes
and subsequently redistributed to strengthen social ties (above
all within the retinues) or purchased on the local commodity

market.

Amongst others, the results of population density distribution
modelling also served as one of the input layers of the dynamic
ABM of the Roman army’s territory control and the logistics of
the offensive phases of the Marcomannic wars (see Vlach 2016,
207-228).

If not counting the scarce traces of the Przeworsk culture in the
form of several cremation burials from Dolany (Kaldbek 2000)
and Dubany (Meduna 1968, 56-58, 61-65).

With respect to the existing type of social and political structu-

re organization more a “chiefdom” type of polity.

Presently, the total count of the evidence possibly reflecting
settlement activities (including unique and stray finds) reaches

a little over 1 thousand.

One of the well acknowledged and widely accepted conceptions
of the so-called Dunbar number, which proposes dependency
of community sizes and structuring according to human brain
capacity to maintain interpersonal relations with on average
about 150 individuals. The threshold is expected to initiate both
growth of the social organization complexity and emergence
of social symbols to distinguish and communicate with other
groups and communities (Turchin, Gavrilets 1991, 167f.). In
case of non-urbanized societies of complex chiefdoms of the
Roman period barbaricum, the available data generally testi-
fy that the standard basic community didn’t exceed such thre-
shold.
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As the modelled extent covers the three states, a continuous da-
taset of pedological units on the national level (with according
resolution) is presently not available. Nevertheless, as an input
layer European Soil Database v2.0 was used, created and freely
provided by the European Soil Data Centre (Panagos 2006).
Although the data reflect the present state, the general stabili-
ty and delimitation of the main pedological units tend to also
reflect well the conditions of the more distant past (with trans-
formations expectable within more dynamically developing en-

vironments such as alluvial landscapes).

This area may also alternatively provide a basis for calculation
of the local density, once it roughly covers the empirically as-
certained extent and settlement zone size (Fig. 3).

Therefore, the previous estimates on the basis of the prelimina-
ry phase of modelling (Vlach 2015) shifts by about 50 thousand
upwards, whereas the maximum boundary of a little over 200
thousand can still be considered to be viable.

Cassius Dio 71.13.1-4.

Cassius Dio 71.16.1-2.

Cassius Dio 71.20.1-2.

It is a question of the extent to which it is possible to consider
women’s involvement in conflicts based on references to writ-
ten sources (Tacitus, Germ. 8) in relation to their position in
society and the evidence of warrior graves in the context of the
Nordic Germans (e.g., Simniskyté 2007).

Cassius Dio 71.16.1-2.

Cassius Dio 72.2.1-4.

Cassius Dio 71.15.1.

75



Marek Vlach: Demography modelling and simulation of the barbarian populations of the “Marcomannic”...

Literatura

Acsady, G., Nemeskéry, J. 1970: History of Human Life
Span and Mortality. Budapest: Akadémiai Kiado.

Austin, N. J. E., Rankov, N. B. 1995: Exploratio.
Military and political intelligence in the Roman
world from the Second Punic War to the battle of
Adrianople. London, New York: Routledge.

Barta, M., Kovar, M. a kol. 2011: Kolaps a regenerace:
Cesty civilizaci a kultur. Minulost, soucasnost a bu-
doucnost komplexnich spolecnosti. Praha: Academia.

Behringer, W. 2010: Kulturni déjiny klimatu. Od doby
ledové po globdlni oteplovdni. Praha: Paseka.

Benninger, E. 1937: Die germanische Bodenfunde in
Slowakei. Reichenberg, Leipzig: Kraus.

Benninger, E., Freising, H. 1933: Die germanische
Bodenfunde in Mdhren. Reichenberg: Kraus.

Berg-Hobohm, S. 2004: Die germanische Siedlung
Goritz, Lkr. Oberspreewald-Lausitz. Forschungen
zur Archiologie im Land Brandenburg 7. Wiins-
dorf: Brandenburgisches Landesamt fiir Denkmal-
pflege und Archiologisches Landesmuseum.

Bazelmans, J. 1999: By Weapons Made Worthy.
Lords, Retainers and their Relationship in Beowulf.
Amsterdam: Amsterdam University Press.

Boserup, E. 1981: Population and Technology
Change: A Study of Long Term Trends. Chicago:
University of Chicago Press.

Bouzek, J., Ondiejova, I. 1990: ,Tieti zéna“ mezi
Rimem a barbarikem. Archeologické rozhledy
XLII, 22-35.

Brown, A. G. 1997: Alluvial geoarchaeology. Flood-
plain archeology and environmental change. Cam-
bridge: Cambridge University Press.

Carneiro, R. L. 1966: On Determining the Probable
Rate of Population Growth during the Neolithic.
American Anthropologist 68(1), 177-181.

Carneiro, R. L. 1981: The Chiefdom: Precursor of
the State. In: G. D. Jones, R. R. Kautz (eds.): The
Transition of Statehood in the New World. Cam-
bridge: Cambridge University Press, 37-79.

Cassius Dio: Dio’s Roman History IX. Translated by
E. Cary. Loebs Library, 1955. London.

Crema, E. R. 2015: Modelling Settlement Rank-Size
Fluctuations. In: G. Wurzer, K. Kowarik, H. Resch-

76

reiter (eds.): Agent-based Modeling and Simulation
in Archaeology. Advances in Geographic Informa-
tion Science. Cham: Springer, 161-181.

Cizma¥, M. 1993: Keltskd okupace Moravy. In:
V. Podborsky (ed.): Pravéké déjiny Moravy. Brno:
Muzejni a vlastivédna spolecnost, 380—423.

Danielisov, A., Stekerové, K. 2015: Socidlni simu-
lace pfi zkoumani spole¢nosti, ekonomiky a vyu-
zivani krajiny v dobé Zelezné: metoda a piiklady.
Pamdtky archeologické CV1, 137-180.

Deevey, E. S. 1960: The human population. Scientific
American 203, 194-204.

Dobias, J. 1964: Déjiny ceskoslovenského iizemi
pred vystoupenim Slovanii. Praha: Nakladatelstvi
Ceskoslovenské akademie véd.

Domanski, G. 1979: Kultura luboszycka miedzy f.abq
a Odrq w II-1V wieku. Wroctaw: Zaktad Narodo-
wy im. Ossolinskich.

Donat, P. 2001: Langhduser im 6stlichen Germanien.
Uberlegungen zu einem Forschungsproblem. Slo-
venskd archeologia XLIX, 103-108.

Drennan, R. D., Berrey, C. A., Peterson, C. E. 2015:
Regional Settlement Demography in Archaeology.
Principles in Archaeology. New York: Eliot Wer-
ner Publications.

Dresler, P., Machacek, J. 2008: Hospodatské zdzemi
rané stfedov€kého centra na Pohansku u Bieclavi.
In: J. Machécek (ed.): Pocitacovd podpora v ar-
cheologii 2. Brno: Ustay archeologie a muzeologie,
Masarykova univerzita, Brno, 165-205.

Dreslerova, D. 1995: A socio-economic model of
a prehistoric micro-region. In: M. Kuna, N. Venc-
lova (eds.): Whither archaeology? Papers in honor
of E. Neustupny. Praha: Institute of Archaeology,
145-160.

Dreslerova, D. 1996: Modelovani pfirodnich pod-
minek mikroregionu na zdkladé archeologickych
dat. Archeologické rozhledy XLVIII, 709-712.

Dreslerova, D. 2004: Dynamika povrchu krajiny
v holocénu. In: M. Kuna a kol.: Nedestruktivni ar-
cheologie. Teorie, metody a cile. Praha: Academia,
31-48.

Dreslerova, D. 2008: Ekonomicky potencidl regio-
nu Ri¢anska z hlediska pravékého hutnictvi. In:
N. Venclovi et al.: Hutnicky region Ricansko. Pra-
ha: Archeologicky tstav AV CR, Praha, v. v. i,
266-280.



Dreslerova, D. 2012: Les v pravéké krajiné I1. Archeo-
logické rozhledy LXIV, 199-236.

Dreslerova, D., Sadlo, J. 2000: Les jako soucast
pravéké kulturni krajiny. Archeologické rozhledy
LII, 330-346.

Droberjar, E. 1988: Sidlisté z doby rimské ve VI¢-
nové-Dolnim Némci a projevy Fimského impéria
ve stfednim Pomoravi. Rkp. semindrni price pro
SVOC. Ulozeno: Filozofick4 faktulta Masarykovy
univerzity, Brno.

Droberjar, E. 1995: Zur Frage der idltesten germani-
schen und romischen Siedlungsfunde in Mihren.
In: J. Tejral, K. Pieta, J. Rajtar (Hrsg): Kelten, Ger-
manen und Romer im Mitteldonaugebiet vom Aus-
klang der Latene-Zivilisation bis zum 2. Jahrhun-
dert. Spisy Archeologického tstavu AV CR Brno
3. Brno, Nitra: Archéologisches Institut der Aka-
demie der Wissenschaften der Tschechischen Re-
publik Brno, Archdologisches Institut der Slowaki-
schen Akademie der Wissenschaften Nitra, 21-37.

Droberjar, E. 1997: Studien zu den germanischen
Siedlungen der dlteren romischen Kaiserzeit in
Mdihren. Fontes Archaeologici Pragenses 21. Pra-
ha: Museum nationale Pragae.

Droberjar, E. 1999: Od plananskych pohdrt k vina-
fické skupiné. Sbornik Ndrodniho muzea, fada A—
historie LIII(1-2), 1-58.

Droberjar, E. 2006a: Hornolabsti Svébové, Markoma-
ni. K problematice dal$iho vyvoje grossromstedtské
kultury ve stupni Eggers Bl (,,Zeitgruppe 3°)
v Cechich (dobiichovicka skupina). Archeologie
ve stFednich Cechdch 10, 599-712.

Droberjar, E. 2006b: Planianskd skupina grossroms-
tedtské kultury. K chronologii germanskych nélezi
a lokalit v Cechich na sklonku doby laténské
a v pocatcich doby fimské. In: E. Droberjar, M. Lu-
tovsky (eds.): Archeologie barbarui 2005. Sbornik
pFispévkii 7 1. protohistorické konference ,,Pozdné
keltské, germdnské a casné slovanské osidleni”,
Kounice, 20. — 22, zdri 2005. Praha: Ustav archeo-
logické pamiatkové péée stiednich Cech, 11-90.

Droberjar, E. 2014a: Germéni v Jevicku a na Malé
Hané v dobé timské. Historica Olomucensia, Sup-
plementum 11, 53-73.

Droberjar, E. 2014b: Pozndmky ke studiu o nejstarsi
germanské keramice v Cechich a na Moravé.
Zbornik Slovenského ndrodného miizea 108, Ar-
cheoldgia 24, 253-260.

Prehled vyzkumii 59-2, Brno 2018

Droberjar, E., Kazdova, E. 1993: Das Brandgriber-
felder aus der romischen Kaiserzeit von Sitbofice
in Mahren. Acta musei moraviae, scientiae socia-

les LXXVII, 97-149.

Dunbar, R. I. M. 1993: The Social Brain: Mind, Lan-
guage, and Society in Evolutionary Perspective.
Annual Reviews in Anthropology 32, 163—181.

Earle, T. 1987: Chiefdoms in Archaeological and
Ethnohistorical Perspective. Annual Review of An-
thropology 16, 279-308.

Earle, T. 1989: The Evolution of Chiefdoms. Current
Anthropology 30(1), 84-88.

Earle, T. 1997: How Chiefs Come to Power. The Po-
litical Economy in Prehistory. Stanford: Stanford
University Press.

Earle, T. 2001: Commodity flows and the evolution of
complex societies. In: J. Ensminger (ed.): Theory
in Economic Anthropology. Plymouth: Altamira
Press, 81-103.

Earle, T. 2011: Chiefs, Chieftaincies, Chiefdoms, and
Chiefly Confederacies: Power in the Evolution of
Political Systems. Social Evolution and History
10(1), 27-54.

Elschek, K. 2009: Der slowakische Abschnitt der
Bernsteinstrasse im 1. Jahrhundert n. Chr. nordlich
von Carnuntum und neue Grabfunde von Zohor.
In: V. Salag, J. Bemmann (Hrsg.): Mitteleuropa zur
Zeit Marbods. Praha, Bonn: Archeologicky tstav
Akademie v&d Ceské republiky, Praha, v. v. i., Vor-
und Friithgeschichte Archiologie der Rheinischen
Friedrich-Wilhelms-Universitit Bonn, 239-250.

Ernée, M. 1997: Bemerkungen zu germanischen
Siedlungsstrukturen in Nordwestbohmen am Bei-
spiel der Mikroregion des Lomsky-Baches. In:
J. Michdlek, K. Schmotz, M. Zipotockd (Hrsg.):
Archdologische Arbeitsgemeinschaft Ostbayern/
West- und Stidbohmen. 6 Treffen 12. bis 15. Juni
1996 in Hlubokd nad Vitavou. Espelkamp: Verlag
Marie Leidorf, 39-47.

Feinman, G. M. 2013: Emergence of Social Com-
plexity. In: D. M. Carballo (ed.): Cooperation and
Collective Action. Boulder: University Press of
Colorado, 35-56.

Frier, B. 2000: Demography of the Early Roman
Empire. In: A. Bowman, P. Garnsey, D. Rathbone
(eds.): The Cambridge Ancient History 11. The
High Empire, A.D. 70-192. Cambridge: Cam-
bridge University Press, 787-816.

77



Marek Vlach: Demography modelling and simulation of the barbarian populations of the “Marcomannic”...

Gavrilov, L. A., Gavrilova, N. S. 1991: The Biology
of Life Span: A Quantitative Approach. New York:
CRC Press.

Hiirke, H. 2000: Social analyses of mortuary evidence
in German protohistoric archaeology. Journal of
Anthropological Archaeology 19(4), 369-384.

Hassan, F. A. 1981: Demographic Archaeology. Ad-
vances in Archaeological Method and Theory vol. 1.
New York: Springer, 49-103.

Havlicek, P., Peska, J. 1992: K osidleni dun v souto-
kové oblasti Moravy s Dyji. Jizni Morava 28, sv. 31,
239-245.

Hermann, J. (Hrsg.) 1973: Die germanischen und
slawischen Siedlungen und das mittelalterliche
Dorf von Tornow (Kr. Calau). Schriften zur Ur-
und Frithgeschichte 26. Berlin: Akademie.

Howell, N. 1986: Demographic Archaeology. Annual
Review of Anthropology 15, 219-246.

Chamberlain, A. 2006: Demography in Archaeology.
Manuals in Archaeology. Cambridge: Cambridge
University Press.

Chamberlain, A. 2009: Archaeological Demography.
Human Biology 81(2). Special Issue on Demogra-
phy and Cultural Macroevolution, 275-286.

Chochol, J. 1963: Antropologicky rozbor Zarovych
pozistatki z pohfebisté Fimského obdobi
v TiSicich. Pamdtky archeologické LIV, 438-466.

Chochol, J. 1970: Lidské pozistatky ze Zzarového
pohfebisté doby fimské v LuZci nad Vltavou (0. M¢l-
nik). Pamdtky archeologické LXI, 378-394.

Chochol, J. 1980: Lidské pozistatky z pohiebisté
fimského obdobi v Plotistich nad Labem. Pamdtky
archeologické LXXI, 335-359.

Jelinkova, D., Kavanova, B. 2002: Soupis nalezist
z doby fimské. In: S. Stuchlik (ed.): Oblast vod-
niho dila Nové Mlyny od pravéku do stiredovéku.
Spisy Archeologického tstavu AV CR Brno 20.
Brno: Archeologicky tstav Akademie v&d Ceské
republiky Brno, 328-354.

Jilek, J., Kuéa, M., Sojkova, T. 2011: Pohiebisté
z doby fimské ve Velaticich. Slovenskd archeolo-
gia LIX(2), 235-300.

Jones, A., Montanarella, L., Jones, R. 2005: Soil At-
las of Europe. European Soil Berau Network Euro-
pean Commission. Luxembourg: Office for Official
Publications of the European Communities.

78

Kalabek, M. 2000: Germanské pohfebisté z pielo-
mu letopocku v Dolanech (okr. Olomouc). Pravék
Nova fada 9/1999, 391-403.

Kasparek, F. 2008: Germénské sidlisté z doby fim-
ské ve Slatinicich na Olomoucku. In: E. Droberjar,
B. Komordczy, D. Vachitova (edd.): Barbarskd sidli-
sté. Chronologické, ekonomické a historické aspek-
ty jejich vyvoje ve svétle novych archeologickych vy-
zkumii. Spisy Archeologického tstavu AV CR Brno
37. Brno: Archeologicky tstav AV CR, Brno, v. v. i.,
177-200.

Koepke, N., Baten, J. 2005: Climate and its Impact on
the Biological Standards of Living in North-East,
Centre-West and South Europe during the Last
2000 Years. History of Meteorology 2, 147-1509.

Kolbinger, D. 2013: Osidleni vychodniho KromériZs-
ka a Prerovska v dobé Fimské a stéhovdni ndrodii.
Hulin: Dalibor Kolbinger.

Kolnik, T. 1977: Anfinge der germanischen Be-
siedlung in der Stidwestslowakei und das Regnum
Vannianum. In: Symposium. Ausklang der Laté-
ne-Zivilisations und Anfinge der germanischen
Besiedlunge im mittleren Donaugebiet. Bratislava:
Veda, 143-171.

Kolnik, T. 1980: Romerzeitliche Griberfelder in der
Slowakei. Archaeologica Slovaca. Fontes 14. Bra-
tislava: Veda.

Kolnik, T., Varsik, V., Vladar, J. 2007: Branc. Ger-
mdnska osada z 2. aZ 4. storo¢ia. Archaeologica
Slovaca. Monographiae Catalogi X. Nitra: Archeo-
logicky dstav SAV Nitra.

Komordczy, B. 2018: Obecnd dvaha na téma utajen{
jako ndstoj ochrany v archeologii. Zprdvy pamdt-
kové péce 78(1), 24-209.

Komordéczy, B., Vlach, M. 2010: Vyuziti GIS pro
vyzkum fimského vojenského zdsahu na barbarské
dzemi ve stfedni Evropé v dobé markomanskych vé-
lek. Uvod do problematiky a perspektivy. In: J. Bel-
jak, G. Brezinova, V. Varsik (eds.): Archeologia bar-
barov 2009. Archaeologia Slovaca Monographiae.
Nitra: Archeologicky tstav SAV Nitra, 247-290.

Komoroczy, B., Vlach, M. 2011: Types of Architec-
ture of the Germanic Population and the Roman
Army on the Territory north of the Middle Danube
during the Marcomannic Wars. Histria Antiqua
20, 391-404.

Komoroczy, B., Vlach. M. 2015: Simulating archae-
ological models: Perspectives in Protohistory. In:
S. Sazelovd, M. Novak, A. Mizerova (eds.): For-



gotten Times and Spaces. New Perspectives in
paleoanthropological, paleoetnological and ar-
cheological studies. Brno: Institute of Archeology
of the Czech Academy of Sciences, Brno, v. v. i,
Masaryk university, 494-506.

Komoroczy, B., Vlach, M. 2017: Archeologicka stopa
(vel)moci na nepratelském tzemi. Zivd archeolo-
gie. (Re)konstrukce a experiment v archeologii 19,

35-41.

Komoréczy, B., Vlach, M., Hlozek, M. 2014: De-
tektorovy ndlez fimsko-provincidlniho prolamo-
vaného kovani z Pavlova, Jihomoravsky kraj. In:
J. Cizmatfovd, N. Venclovd, G. Biezinovi (eds.):
Moravské kriZovatky. Stredni Podunaji mezi
pravékem a historii. Brno: Moravské zemské
muzeum, 767-784.

Komoraéczy, B., Vlach, M., Hiissen, C.-M. 2018: Die
Dislokation romischer Truppen im Kerngebiet der
Markomannen. In: C. S. Sommer, S. MateSi¢ (eds.):
Limes XXIII. Proceedings of the 23" International
Congress of Roman Frontier Studies Ingolstadt
2015. Beitrage zum Welterbe Limes. Sonderband
4,1. Mainz: Niinnerich-Asmus Verlag, 305-313.

Korotayev, A., Zinkina, J., Kobzeva, S., Bozhevol-
nov, J., Khaltourina, D., Malkov, A., Malkov, S.
2011: A Trap at the Escape from the Trap? Demo-
graphic-Structural Factors of Political Instability
in Modern Africa and West Asia. Cliodynamics
2(2), 276-303.

Kramer, C. 1982: Village Ethnoarchaeology. Rural
Iran in Archaeological Perspective. New York:
Academic Press.

Krekovi¢, E. 2014: Socidlna diferenciacia vSeobecne
a u Germdnov zvlast. In: B. Komordéczy (ed.): So-
cidlni diferenciace barbarskych komunit ve svétle
novych hrobovych, sidlistnich a sbérovych ndlezii.
(Archeologie barbaru 2011). Spisy Archeologického
tstavu AV CR Brno 44. Brno: Archeologicky ts-
tav Akademie v&d Ceské republiky, Brno, v. v. i.,
13-18.

Kriiger, B. 1987: Waltersdorf. Eine germanische
Siedlung der Kaiser- und Volkerwanderungszeit im
Dahme-Spree-Gebiet. Berlin: Akademie Verlag.

K¥izek, M. 2007: Udolni niva jako geomorfologicky
fenomén. In: J. Langhammer (ed): Povodné a zmé-
ny v krajiné. Praha: Pfirodovédecka fakulta Uni-
verzity Karlovy v Praze, Ministerstvo Zivotniho
prostiedi CR, 217-229.

Kuna, M. 1991: Structuring of prehistoric landscape.
Antiquity 65(247), 332-347.

Prehled vyzkumit 59-2, Brno 2018

Kuna, M. 2004: Prostorova archeologie. In: M. Kuna
a kol.: Nedestruktivni archeologie. Teorie, metody
a cile. Praha: Academia, 445-490.

Lenz, K. H., Berke, H., Heussner, B. 1999: Sied-
lungen der romischen Kaiserzeit auf der Aldenho-
vener Platte. Rheinische Ausgrabungen 54. Koln:
Rheinland Verlag.

Leube, A. (Hrsg.) 1998: Haus und Hof im dstlichen
Germanien. Bonn: Verlag dr. Rudolf Habelt.

Lozek, V. 1973: Priroda ve ¢tvrtohordch. Praha: Aca-
demia.

Lozek, V. 2003: Povodné a Zivot nivy. Bohemia cen-
tralis 26, 9-24.

Lozek, V. 2007: Zrcadlo minulosti. Ceskd a slovenskd
krajina v kvartéru. Praha: Dokofan.

Lozek, V. 2010: Po stopdch pravékych déju. O sildch,
které vytvdrely nasi krajinu. Praha: Dokofan.

Ludikovsky, K., Souchopova, V. 1981: An extensive
iron-smelting centre of the late Roman period at Su-
dice, Mald Hana region (Moravia). In: J. Hrala (ed.):
Archaeological News in the Czech Socialist Repub-
lic. X¢ Congres international des Sciences préhis-
toriquies et protohistoriquies, Mexico. Prague,
Brno: Institut d’archéologie de I’Académie des sci-
ences Tchécoslovaque, 129-131.

Malthus, T. R. 1798: An Essay on the Principle of
Population. London: St. Paul’s Church-yard.

Marquette, C. 1997: Turning but not Toppling Mal-
thus: Boserupian Theory on Population and the
Environment Relationship. CMI Working Paper
16. Bergen: Chr. Michelsen Institute.

Meduna, J. 1968: Piispévek k problematice pozdni
doby laténské na Morave. Archeologické rozhledy
XX(1), 56-69.

Meduna, J. 1980a: Die letenzeitlichen Siedlungen in
Mdihren. Praha: Academia.

Meduna, J. 1980b: Die latenzeitlichen Siedlungen
und Grdberfelder in Mdhren (Katalog). Fontes Ar-
chaeologiciae Moravicae 11. Brno: Archeologicky
tistav Ceskoslovenské akademie véd v Brng.

McCormick, M., Biintgen, U., Cane, M. A., Cook,
E. R., Harper, K., Huybers, P., Litt, T., Man-
ning, S. W., Mayewski, P. A., More, A. F. M.,
Nicolussi, K., Tegel, W. 2012: Climate Change
during and after the Roman Empire: Reconstruct-
ing the Past from Scientific and Historical Evi-

79



Marek Vlach: Demography modelling and simulation of the barbarian populations of the “Marcomannic”...

dence. Journal of Interdisciplinary History 43(2),
169-220.

Motykova, K. 1976: Die iltere romische Kaiserzeit in
Bohmen im Lichte der neueren historisch-archéo-
logischen Forschung. In: H. Temporini, W. Haase
(eds.): Aufstieg und Niedergang der Romischen
Welt 11, Principat 5/1. Berlin: De Gruyter, 143-199.

Musilova, M., Barta, P., Herucova, A. (eds.) 2014:
Bratislavsky hrad. Déjiny, vyskum a obnova. Bra-
tislava: Mestsky ustav ochrany pamiatok v Bra-
tislave, Slovenské narodné muzeum — Historické
muzeum.

Neustupny, E. 1983: The Demography of Prehistoric
Cemeteries. Pamdtky archeologické LXXIV(1), 7-34.

Neustupny, E. 1986: Sidelni areédly pravékych zemé-
délct. Pamdtky archeologické LXXVII, 226-276.

Neustupny, E. 2000: Predikce aredld archeologického
zajmu. In: 1. Pavla (ed.): In memoriam Jan Rulf.
Pamatky archeologické, Supplementum 13. Praha:
Archeologicky tstav AV CR, 319-324.

Neustupny, E. 2003: Predikce zivych aredlii minulos-
ti. In: E. Neustupny (ed.): Prispévky k prostorové
archeologii 1. Plzen: Vydavatelstvi a nakladatel-
stvi Ale§ Cen&k, 155-171.

Neustupny, E. 2007: Metoda archeologie. Plzen: Vy-
davatelstvi a nakladatelstvi Ale§ Cenék.

Neustupny, E. 2010: Teorie archeologie. Plzen: Vy-
davatelstvi a nakladatelstvi Ale§ Cenék.

Neustupny, E., Venclova, N. 1996: Vyuziti prostoru
v laténu: region Lodé&nice. Archeologické rozhledy
XLVIII4), 615-642, 713-724.

Nikulka, F. 2016: Archdologische Demographie. Me-
thoden, Daten und Bevilkerung der europdischen
Bronze- und Eisenzeiten. Leiden: Sidestone Press.

Odum, E. P. 1958: Fundamentals of ecology. Phila-
delphia: W. B. Saunders.

Opravil, E. 1983: Udolni niva v dobé hradistni.
(CSSR — povodi Moravy a Poodri). Studie Archeo-
logického tstavu Ceskoslovenské akademie véd
v Brné XI(2). Praha: Academia.

Panagos, P. 2006: The European soil database. GEO:
connexion 5(7), 32-33.

Petersen, W. 1975: A Demographer’s View of Pre-

historic Demography. Current Anthropology 16(2),
227-245.

80

Pieta, K. 2008: Keltské osidlenie Slovenska. MladSia
doba laténska. Nitra: Veda.

Pitts, L. F. 1989: Relations between Rome and the
German “Kings” on the Middle Danube in the
First to Fourth Centuries A.D. The Journal of Ro-
man Studies 79, 45-58.

Pleiner, R., Rybova, A. et al. 1978: Pravéké déjiny
Cech. Praha: Academia.

Pleinerova, 1. 1995: Opocno. Ein Brandgrdberfeld
der jiingeren und spiten Kaiserzeit in Nordwest-
bohmen. Krakéw: Secesja.

Pokorny, P., Dreslerova, D. 2007: Vyvoj krajiny
v holocénu. In: Kuna, M. (ed.): Pravéké déjiny
Cech 1. Pravéky svét a jeho pozndni. Praha: Ar-
cheologicky tstav AV CR, Praha, v. v. i., 38-50.

Polacek, L. 1999: Prehistorie a historie ddoln{ nivy.
In: I. Sefer, V. Stanova (eds.): Aluvidlne Liky rieky
Moravy. Vyznam, obnova a manaZment. Bratisla-
va: Daphne, 25-36.

Polgar, S. 1972: Population History Policies from an
Anthropological Perspective. Current Anthropolo-
gy 13(2), 203-211.

Pollak, M. 1980: Die germanischen Bodenfunde des
1.—4. Jahrhunderts n. Chr. im nordlichen Nie-
derdosterreich. Wien: Verlag der Osterreichischen
Akademie der Wissenschaften.

Pollak, M. 2009: Friihgeschichtliche Siedlungen an
der unteren March, Niederosterreich. Kontinui-
tit einer Kulturlandschaft. Prehled vyzkumii 50,
153-179.

Read, D. W., LeBlanc, S. A. 2003: Population
Growth, Carrying Capacity and Conflict. Current
Anthropology 44(1), 59-85.

Renfrew, C. 2009: Demography and Archaeology.
Human Biology 81(2). Special Issue on Demogra-
phy and Cultural Macroevolution, 381-384.

Rulf, J. 1994: Pravéké osidleni stfedni Evropy a niva.
In: J. Bene$, V. Brina (eds.): Archeologie a krajin-
nd ekologie. Most: Nadace Projekt sever. 55-64.

Salaé, V. 2008: Doba iimskd a stéhovani ndrodd.
In: V. Sala¢ (ed.): Archeologie pravékych Cech 8.
Doba Fimskd a doba stéhovdni ndrodii. Praha: Ar-
cheologicky tstav AV CR, Praha, v. v. i., 17-126.

Salaé, V. 2009: 2000 Jahre seit dem romischen Feldzug
gegen Marbod und methodische Probleme der Er-
forschung der dltere romische Kaiserzeit in Bchmen



und Mitteleuropa. In: V. Salag, J. Bemmann (Hrsg.):
Mitteleuropa zur Zeit Marbods. Praha, Bonn: Ar-
cheologicky tstav AV CR, Praha, v. v. i., Vor- und
Friithgeschichte Archéologie der Rheinischen Fried-
rich-Wilhelms-Universitit Bonn, 107-138.

Service, J. 1971: Primitive Social Organization. An Evo-
lutionary Perspective. New York: Random House.

Schacht, R. M. 1980: Two Models of Population Growth.
American Anthropologist NS 82(4), 782-798.

Schacht, R. M. 1981: Estimating Past Population
Trends. Annual Review of Anthropology 10, 119—
140.

Scheidel, W. 2007: Demography. In: W. Scheidel,
I. Morris, R. Saller (eds.): The Cambridge Econom-
ic History of the Greco-Roman World. Cambridge:
Cambridge University Press, 38—86.

Scheidel, W. 2011: Progress and problems in Roman
demography. In: W. Scheidel (ed.): Debating Ro-
man Demography. Mnemosyne, Supplement 211.
Leiden: Brill, 1-82.

Schuldt, E. 1976: Perdiohl. Ein Urnenfriedhof der
spdten Kaiserzeit und der Vilkerwanderungszeit
in Mecklenburg. Berlin: Deutscher Verlag der Wis-
senschaften.

Schultz, T. 1961: Investment in human capital. The
American Economic Review 51(1), 1-17.

Smrz, Z. 1994: Vyvoj osidleni v mikroregionu
LuZického potoka na Kadansku (severozdpadni
Cechy). Cést 1. Archeologické rozhledy XLVI,
345-393.

Steuer, H. 1982: Friihgeschichtliche Sozialstrukturen in
Mitteleuropa. Gottingen: Vandenhoeck & Ruprecht.

Steuer, H. 2006: Warrior Bands, War Lords, and the
Birth of Tribes and States in the First Millenni-
um AD in Middle Europe. In: T. Otto, H. Thrane,
H. Vandkilde (eds.): Warfare and Society. Archaeo-
logical and Social Anthropological Perspective.
Aarhus: Aarhus University Press, 227-236.

Stloukal, M. et al. 1999: Antropologie. Prirucka pro
studium kostry. Praha: Narodni muzeum.

Stuchlik, S. (ed.) 2002: Oblast vodniho dila Nové
Mlyny od pravéku do stredovéku. Spisy Archeolo-
gického tstavu AV CR Brno 20. Brno: Archeolo-
gicky tstav Akademie véd Ceské republiky Brno.

Stuppner, A. 2008: Stand der archdologischen For-
schungen zu den romischen Vormarschtrassen und

Prehled vyzkumii 59-2, Brno 2018

Befestigungsbauten in Osterreich. In: J.-S. Kiihl-
born u. a.: Rom auf dem Weg nach Germanien:
Geostrategie, Vormarschtrassen und Logistik. Bo-
denaltertimer Westfalens 45. Mainz: Philip von
Zabern, 49-67.

Stuppner, A. 2009: Das norisch-pannonische Limes-
vorland im nordlichen Niederdsterreich zur Zeit
des Marbodreiches — Zum Forschungsstand. In:
V. Salag, J. Bemmann (Hrsg.): Mitteleuropa zur
Zeit Marbods. Praha, Bonn: Archeologicky tstav
AV CR, Praha, v. v. i., Vor- und Frithgeschich-
te Archiologie der Rheinischen Friedrich-Wil-
helms-Universitiat Bonn, 203-216.

Sedo, 0. 1991: Piispévek k pozndni germanskych
sidlist doby fimské na Moravé. In: J. Peska a kol.:
Krdlovskd hrobka z MusSova. Mikulov: Regionadln{
muzeum, 22-28.

Sedo, 0. 1993: Vyznam sbéri a zachrannych akei pro
poznani sidlisf z doby laténské a fimské v prostoru
VySkovské brany. In: 100 let muzejni prdace na Vy-
Skovsku 1893-1993. Brno: Muzejni a vlastivédnd
spole¢nost, 111-118.

Sefrna, L. 2007: Vznik a vyvoj nivy z pedo-
geografického hlediska. In: J. Langhammer (ed.):
Povodné a zmeény v krajiné. Praha: Pfirodovédecka
fakulta Univerzity Karlovy v Praze, Ministerstvo
zivotniho prostfedi CR, 209-215.

Tacitus P. C.: Dialogus, Agricola, Germania. Trans-
lated by W. Peterson. Loebs Library, 1914. London,
New York.

Taintner, J. A. 1988: The collapse of complex societ-
ies. Cambridge: Cambridge University Press.

Tejral, J. 1970a: K interpretaci severovychodnich
prvkt v hmotné kultufe moravské oblasti na sklon-
ku star$i doby fimské. Pamdtky archeologické
LXI(1), 184-215.

Tejral, J. 1970b: Pocatky doby fimské na Moravé
z hlediska hrobovych nalezi. Studijné zvesti Ar-
cheologického ustavu Slovenskej akadémie vied

18, 107-192.

Tejral, J. 1977: Die ilteste Phase der germanischen
Besiedlung zwischen Donau und March. In: Sym-
posium. Ausklang der Laténe-Zivilisation und An-
fiange der germanischen Besiedlung im mittleren
Donaugebiet. Bratislava: Veda, 307-342.

Tejral, J. 1993: Na hranicich impéria (doba fimska).

In: V. Podborsky (ed.): Pravéké déjiny Moravy.
Brno: Muzejni a vlastivédna spolec¢nost, 424—470.

81



Marek Vlach: Demography modelling and simulation of the barbarian populations of the “Marcomannic”...

Tejral, J. 1999: Zum Stand der archédologischen For-
schung tiber den romischen militdrischen Eingriff

in Gebieten nordlich der Donau. Prehled vyzkumiu
39 (1995-1996), 81-164.

Tejral, J. 2002: Die germanische Silberfiebel von
Musov und ihr archédologisch-historisches Umfeld.
Slovenskd archeolégia XLIX, 203-247.

Tejral, J. 2006: Die GieBereiwerkstatt von Pasohlav-
ky (Bez. Bieclav). Ein Beitrag zur Frage der kul-
turellen Fernbeziehungen nach den Markomannen-
kriegen. Pamadtky archeologické XCVII, 133-170.

Tejral, J. 2008: Ke zvlastnostem sidliStniho vyvoje
v dobé& fimské na tzemi severné od stfedniho Du-
naje. In: E. Droberjar, B. Komord4czy, D. Vachtitova
(eds.): Barbarskad sidlisté. Chronologické, ekono-
mické a historické aspekty jejich vyvoje ve svétle
novych archeologickych vyzkumi. Spisy Archeo-
logického tistavu AV CR Brno 37. Brno: Archeolo-
gicky dstav AV CR, Brno, v. v. i., 67-98.

Tejral, J. 2009: Das Gebiet nordlich der mittleren Donau
zur Zeit Marbods. In: V. Salag, J, Bemmann (Hrsg.):
Mitteleuropa zur Zeit Marbods. Praha, Bonn: Ar-
cheologicky tdstav AV CR, Praha, v. v. i., Vor- und
Frithgeschichte Archidologie der Rheinischen Fried-
rich-Wilhelms-Universitat Bonn, 149-202.

Turchin, P. 1995: Population Regulation: Old Argu-
ments and a New Syntheses. In: N. Cappuccino,
P. W. Price (eds.): Population Dynamics. New Ap-
plications and Synthesis. New York: Academic
Press, 19-40.

Turchin, P., Gavrilets, S. 2009: Evolution of Com-
plex Hierarchical Societies. Social Evolution &
History 8(2), 167-198.

Vachitova, D., Vlach, M. 2011: K moZnostem
identifikace a pozndni pohfiebist z doby fimské
na Moravé. In: E. Droberjar (ed.): Archeologie
barbari 2010. Hroby a pohfebisté Germdnii mezi
Labem a Dunajem. Olomouc: Univerzita Palackého
v Olomouci, 39-64.

Varsik, V.2009: Zur Datierung der élterkaiserzeitlichen
Siedlungen in der Siidwestslowakei. In: V. Salac,
J. Bemmann (Hrsg.): Mitteleuropa zur Zeit Mar-
bods. Praha, Bonn: Archeologicky tstav AV CR,
Praha, v. v. i., Vor- und Friithgeschichte Archiolo-
gie der Rheinischen Friedrich-Wilhelms-Universi-
tiat Bonn, 217-237.

Venclovi, N. a kol. 2008: Hutnicky region Ri¢ansko.
Praha: Archeologicky tstav AV CR, Praha, v. v. i.

82

Vlach, M. 2015: Germanic Settlement Structure in
the Middle Danube Region as a Complex Sys-
tem of Agent-Based Modeling. In: L. Vagalinski,
N. Sharankov (eds.): LIMES XXII. Proceedings of
the 22" International Congress of Roman Frontier
Studies Ruse, Bulgaria, September 2012. Bulletin
of the National Archaeological Institute XLII. So-
fia: NAIM-BAS, 741-748.

Vlach, M. 2016: Projevy rimsko-germdnskych kon-
frontaci na Moravé na zdkladé geoinformacnich
systémii. Rkp. disertaéni prace. UloZeno: Archeo-
logicky dstav SAV, Nitra.

Voss, H. U. 1991: Bestattungssitten wihrend der spa-
ten Romischen Kaiser- und Volkerwanderungszeit
in Mecklenburg-Vorpommern. Bemerkungen zum
Forschungsstand. In: F. Horst, H. Keiling (Hrsg.):
Bestattungswesen und Totenkult. Berlin: Akade-
mie-Verlag Berlin, 187-208.

Waldhauser, J. 2001: Encyklopedie Keltii v Cechdch.
Praha: Libri.

Wenskus, R. 1992: Die neuere Diskussion um Ge-
folgschaft und Herrschaft in Tacitus® Germania.
In: G. Neumann, H. Seemann (Hrsg.): Beitrige
zum Vestindnis der Germania des Tacitus. Bericht
iiber die Kolloquien der Kommission fiir die Al-
tertumskunde Nord- und Mitteleuropas im Jahre
1986 und 1987. Abhandlungen der Akademie der
Wissenschaften in Goéttingen. Philologisch-histori-
sche Klasse. Dritte Folge 195. Géttingen: Vande-
rhoek & Ruprecht, 311-331.

Wiessner, P. 1974: A function estimator of population
from floor area. American Antiquity 39, 343-349.

Wilensky, U. 1999: NetLogo. Center for Connected
Learning and Computer-Based Modeling, North-
western University, Evanston, IL [online]. ©1999—
2016 [cit. 2018-10-19]. Dostupné z: http://ccl.north-
western.edu/netlogo/.

Wilson, A. 2011: City Size and Urbanization in the
Roman Empire. In: A. Bowman, A. Wilson (eds.):
Settlement, Urbanization, and Population. Ox-
ford Studies on the Roman Economy. Oxford, New
York: Oxford University Press, 161-195.

Winterhalder, B., Lu, F., Tucker, B. 1999: Risk-Sen-
sitive Adaptive Tactics: Models and Evidence from
Subsistence Studies in Biology and Anthropology.
Journal of Archaeological Research 7(4), 301-348.

Wolfram, R. 1997: The Roman Empire and its Ger-
manic Peoples. Berkeley, Los Angeles, London:
University of California Press.



Wood, J. W. 1998: A Theory of Preindustrial Pop-
ulation Dynamics Demography, Economy and
Well-Being in Maltusian Systems. Current Anthro-
pology 39(1), 99-135.

Zeman, J. 1961: Severni Morava v mladsi dobé rim-
ské. Problémy osidleni ve svétle rozboru pohrebi-
sté z Kostelce na Hané. Monumenta archaeologica
IX. Praha: Nakladatelstvi Ceskoslovenské akade-
mie véd.

Zeman, T. 2017a: Piispévek k pozndni nejstarsiho
germanského osidleni Moravy optikou novych
povrchovych nédlezu. Slovenskd archeolégia LXV,
279-319.

Zeman, T. 2017b: StFedni Pomoravi v dobé rFimské.
Olomouc: Univerzita Palackého v Olomouci, Filo-
zoficka fakulta.

Zeman, T. 2018: Stfedni Pomoravi v dobé fimské.
Svédectvi povrchové prospekce. Archeologia Olo-
moucensia — Tomus II. Olomouc: Univerzita Palac-
kého v Olomouci.

Zimmermann, A., Hilpert, J., Wendt, K. P. 2009:
Estimations of Population Density for Selected Pe-
riods Between the Neolithic and AD 1800. Human
Biology 81(2). Special Issue on Demography and
Cultural Macroevolution, 357-380.

Resumé

Demografické modelovani a simulace
barbarskych populaci ,,markomanské‘
sidelni zény stfedniho Podunaji

Aplikace metod digitdlniho modelovani pfi feSe-
ni nékterych strukturdlnich problémi a $iroké skaly
védeckych otdzek archeologie umoziiuje prozkoumat
novou dimenzi informac¢niho potencidlu. Zaniklé lid-
ské spolecnosti, jejich sidelni struktury a spolecen-
ské organizace lze chdpat z urcitého hlediska jako
komplexni systémy, jejichZ strukturu a dynamiku
Ize za uréitych pfedpokladi explicitné formalizovat.
Metody digitalniho modelovani a agentnich simulac{
(Agent-based modelling; ABM) piedstavuji metodo-
logicky ramec studia testovani teoretickych otdzek,
modeld a jejich vnitfnich souvislosti z kvalitativnich
a kvantitativnich hledisek. Explicitné formulovany
digitdlni model ,,umélé” populace (napf. Danielisova,
Stekerova 2015) miize byt konstruovan na zdkladé i-
rokého spektra dostupnych prameni, odhadt a exis-
tujicich teoretickych modelt relevantnich disciplin,
priemz v tomto piipadé byla pozornost zaméfena
na germanské osidleni stfedniho Podunaji (Morava,
zapadni Slovensko — Zdhorie a Dolni Rakousko na se-
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ver od Dunaje). Hlavnim cilem je vytvofeni digital-
niho modelu, ktery by odrazel dostupné archeologic-
ké prameny a odhady o germdnské sidelni struktuie
a mozném demografickém vyvoji od 1. stoleti n. I.
do obdobi markomanskych vélek. Podobné aplikace
metod komplexniho modelovani v oblasti archeologic-
ké demografie prirozené obsahuji Sirokou $kalu meto-
dickych problému a specifickym zptisobem reflektuji
omezeni vyplyvajici z charakteru a reprezentativnos-
ti vstupnich dat rGzné povahy, nicméné tento pokus
predstavuje pilotni dsili pocatecni faze implementace
metody pro studium zdkladnich demografickych para-
metrd studovaného kontextu.

Tvorba modelu byla motivovdna nékolika cili. Vy-
sledky demografického modelovani nemaji konotaci
pouze k samotné germanské spole¢nosti a jeji struktu-
fe, ale také k povaze a dynamice fimsko-barbarskych
konfrontaci, zejména pak jedné z nejvyznamnéjSich
v pribéhu tzv. markomanskych valek. Hlavnim pied-
pokladem pro aplikaci metod digitilntho modelova-
ni a simulace za pomoci multiagentniho modelovani{
v otazkach sideln{ struktury studované oblasti je pojeti
germénské sidelni struktury jako komplexniho systé-
mu, jehoz zdkladni dynamiku lze na zdkladé podstat-
nych ,,proxy* dat riznych relevantnich disciplin (spo-
lecenskych a ptfirodovédnych) prostfednictvim redukce
komplexity modelovat a simulovat. Pfestoze jsou jed-
notlivé prvky modelu (agentni entity, prostfedi modelu,
principy a pravidla chovani a interakci entit) odvozeny
predevsim z archeologického zdznamu, jeho rozliSeni
a obecné charakterizovand pravidla chovani (napf. vy-
voj populace, migrace apod.) vytvafeji rimcovy prostor
pro testovani zdkladnich pfedpokladt dynamiky, nebof
nelze logicky zahrnout vSechny rozhodujici faktory.
V procesu tvorby modelu vsak jde o definovani, stano-
veni a vyuZziti pfedev§im téch, které maji nendhodny
vliv na zakladni charakter systému v empirické roviné.

Prostfednictvim simulaci nékolika preddefinova-
nych scéndft se snazime rekonstruovat zakladni trajek-
torie vyvoje germanského osidlen{ v prostoru stifedniho
Podunaji a jejich projev v ¢asoprostorovém strukturova-
ni sidelnich aredlt od pocatku sidelnich aktivit po po-
¢atek vyrazné turbulentnich udédlosti konfliktu marko-
manskych valek. Vyvoj osidleni v rdmci studovaného
regionu po prelomu letopoctu dokumentuji spise ojedi-
nélé a nestratifikované nélezy, kdy nejvice stop pochédzi
z JV casti tohoto regionu (obr. 1). Doposud zndmé do-
klady germanského osidleni v ramci zkoumané oblasti
ukazuji evidentni ndrast osidleni od konce 1. a obecné
pak vyrazn&j$i mérou v priubéhu 2. stoleti n. 1., s vy-
znamnym objemem téchto prament v jeho 2. poloviné
(obr. 2; srov. Droberjar 1997, 134 n.). Pravé zkouman{
podstaty tohoto jevu pfedstavuje jednu z hlavnich vy-
chozich teoretickych otdzek tvorby digitdlniho modelu.
Vyvoj germanské spolecnosti v prostoru stfedniho Po-
dunaji jisté nebyl v Zddném sméru linedrni (dokumen-
tovana dynamika politickych struktur).
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Osidlené uzemi doby fimské stiedniho Podunaji se
podle teorie komunitnich aredli strukturuje na fadu
aredli aktivit (ruznych archeologickych komponent)
na zdkladé své pivodni funkce a tcelu (napf. Neus-
tupny 2010, 150-159). V dosavadni pramenné bazi jsou
rozliSovany prakticky vyhradné sidlistni (resp. rezi-
denéni) a hrobové (funerdlni) aredly (srov. Droberjar
1997; Vachitova, Vlach 2011). Pfirozené pro ruzné ak-
tivity slouzily rizné typy aredld, jejichZ stopy se vSak
nemusely dochovat v archeologickém zaznamu. Ptikla-
dem doloZitelnych aktivit hospodarského charakteru,
které 1ze prostorové a formalné oddélit od dvou domi-
nantnich aredli aktivit, jsou napf. hutnické aredly jako
Sudice (Ludikovsky, Souchopova 1981) ¢i region Lo-
dénického potoka (Neustupny, Venclova 1996). Z hle-
diska paleodemografie jsou vSak rezidenénfi a funerdlni
komponenty klicové. Sidlistni komponenty v simulaci
predstavuji stéZejni dynamicky prvek vyvoje systému
sidelni struktury, pohfebisté jsou pasivnim prvkem,
ktery vsak svoji polohou strukturuje prostor sidelni
z6ny (rezidenéni aredl nemuZze vzniknout na aktiv-
nim pohiebnim aredlu, pfipadné nékolik "spadovych"
komunit/sidlis¢ vyuZzivalo spolecné danou nekropoli
apod.) a je jednim z hlavnich demografickych vystupa.

Volba velikosti a umisténi prostifedi modelu ma
za cil odrdzet v generalizovaném méfitku redlny pro-
storovy kontext germanského sidelntho tizemi Moravy,
Dolnitho Rakouska a Slovenského Pomoravi zdpadné
od Malych Karpat (sidelni zéna Podunajskych Mar-
komant) a vytvari tak explicitni geograficky ramec
pro simulaci rGznych demografickych scénaii, které
by bez prostorové vazby produkovaly pouze vysledky
s obecnou platnosti (obr. 3). Uziti redlného geografic-
kého kontextu modelu je podminéno cilenim otdzek
v konkrétnich prostorovych souvislostech zahrnujicich
fadu riznorodych krajinnych fenoménd (aluvidlni kra-
jiny, pahorkatiny, pohoff{), které jsou uréujici pro dyna-
miku celého systému z hlediska prostorové distribuce
prislusnych agentnich entit, které v modelu reprezentuji
rezidenéni a pohiebni aredly. Pro jeho definovani byly
pouzity vysledky ziskané prostiednictvim zdkladni
prostorové a statistické evaluace proménnych fyzické
krajiny, které mély vliv na vybér reziden¢nich aredld.

Jednim z nejvyznamnéjsich prament pro rekon-
strukci paleodemografickych parametrt zaniklych spo-
le€nosti bez podrobnéjsich kvantitativnich dat (napf.
epigrafické ¢i obdobné formy podrobnéjs$ich pramenti)
jsou pohiebiité a hroby. Umrtnostni tabulky sestavené
na zdkladé antropologického rozboru mohou poskyt-
nout podklady nutné pro odhadovani zejména hodnot
tzv. funkce doziti ¢i primérného poctu jedincd v rdmci
pohibivajici populace. Pro studium germanskych ko-
munit je pfirozené znacnym problémem forma Zzaro-
vého pohtebniho ritu, ktery v podstatné mite transfor-
muje antropologicky materidl, a sniZuje tak mozZnosti
presnéjs$iho urceni stafi, pohlavi a zjisténi dalSich in-
formaci o pohibivajicim obyvatelstvu (zdravotni stav
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apod.). Nicméné antropologické vyhodnoceni nékte-
rych germdnskych nekropoli (napfi. PlotiSté nad Labem,
TiSice, Trebusice ¢i gitbofice) umoznilo alespofi rdm-
cové stanoveni zdkladnich demografickych parametri
(srov. Chochol 1980). Jednim z vyznamnych a ¢asto od-
vozovanych parametri je pak tzv. velikost pohibivajici
populace (tab. 1), kterou lze ramcové stanovit na za-
kladé velikosti pohiebisté, doby jeho aktivni funkce
a hodnot odhadované délky doziti pfi narozeni (Acsadi,
Nemeskéri 1970, 65-66). V priméru se na zdkladé do-
stupnych dat tato hodnota ¢ini 38 s pomérné vysokou
variabilitou se standardni chybou 22. Pfi predpokladu
vyuzivani nekropoli vice komunitami je to v korelaci
s odhady velikosti primé&rné protohistorické zemédél-
ské komunity (zhruba 4 rodiny), zaloZenymi na po-
drobné prozkoumanych mikroregionech (napf. Dresle-
rovd 1995; 1996; Neustupny, Venclova 1996).

Vyznamné nepfimé prameny k demografickym
odhadim a kalkulacim obsahuji také reziden¢ni are-
aly germdnskych sidelnich struktur — tzv. sidlisté
(Chamberlain 2006, 126-128). Pfi definovdni para-
metri a vstupnich dat pro tvorbu modelu jsme odka-
zani na dosavadni stav vyzkumu, ktery prestoze Citd
v oblasti naddunajského barbarka mnoho stovek polo-
zek, reprezentativnéjs$i data vzhledem k poctu celkové
prozkoumanych sidlist spiSe absentuji (srov. Droberjar
1997, 9-14). Vétsina terénnich vyzkumu vsak pokryva
v lep$im pripadé zfetelné pouze cast sidliStniho area-
lu, a tak Ize obtiZné urcovat hodnoty hustot obydli
na ploSe sidlistni komponenty. Pfi odhadu variability
velikosti sidli§tnich aredld je z uvedenych ptic¢in vhod-
néjsi pouzit interval mezi primérem a maximem poctu
zjisténych obydli (graf 1). Minimdalni hranice je jasné
zatiZena chybou vyplyvajici z rozsahu prozkoumdani
jednotlivych lokalit. Doposud prozkoumané sidlistni
komponenty prakticky z celého pribéhu doby fimské
na tzemi stfedniho Podunaji kromé rozsahu vykazuji
pomérné malou variabilitu a omezené indicie pro je-
jich vertikdlni hierarchii (Komordczy, Vlach 2011b;
Droberjar 1997, 17-19). AZ na nékteré vyjimky se de-
finuje jejich zdkladni charakter jako nizinnd oteviena
sidlisté (¢i dvorce), kterd kromé poctu zachycenych
stop obytnych staveb (silné zavislych na rozsahu te-
rénnich vyzkumd a lokdlnich podminkach) a nevyka-
zuji vyznamné odlisSnosti v archeologickém zaznamu.
V piipadé archeologickych projevd interpretovanych
jako stopy obydli kromé variability uspofddani slou-
povych jam nosné konstrukce nevykazuji vyznam-
né&jsi variabilitu v rozsahu obytné plochy, kterd byva
zpravidla pokldddna za jedno z vychodisek pro tvahy
o velikosti rodiny a zprostifedkované o poctu obyvatel
rezidencniho aredlu obecné. Pro standardni velikost
obydli odpovidajici dominantné zastoupenému typu
obytné stavby budované ve stfednim Podunaji v dobé
fimské se predpoklada obyvani jednou rodinou o ve-
likosti 4-6 jedinci (napf. Dreslerova 1995; Hassan
1981; Chamberlain 2006, 52; Neustupny 1983, 144;
2010, 244).



Pfi odhadu velikosti jednotlivych komunit na za-
kladé terénnich dokladd rezidenénich aredld je nutné
téZ brat v tvahu dobu existence a soucasnost jednot-
livych obydli/usedlosti, kterd na zdkladé depozi¢nich
a postdepozi¢nich procest nemusi byt prostfednictvim
archeologickych datovacich prostiedkt zfetelna (napf.
uddlosti v radmci horizontu jedné generace). Doklady
obytnych aredld z moravského a dolnorakouského néle-
zového prostiedi bohuZzel neposkytuji dostatek dat pro
verifikaci zdkladnich teoretickych modeld o ,,standard-
ni* velikosti germdnskych sidlisf a primérném poctu je-
jich obyvatel (graf 1). Kromé ¢asoprostorovych struktur
uvnitf samotnych germénskych sidlist neméné vyznam-
nou proménnou piedstavuje vzdalenost mezi rezidenc-
nimi aredly jednotlivych komunit, kterou 1ze odvozovat
pouze v nékolika mélo pfipadech na zakladé podrobnéji
prozkoumanych ,,mikroregionech* (obr. 4-7).

Kli¢ovou proménnou paleodemografickych kalku-
laci je hustota osidleni. Pfi odhadech archeologické
demografie se zpravidla rozliSuje lokdlni a globalni
hustota (Zimmermann et al. 2009, 373). Rozdil spoc¢iva
ve vypoctu hustoty vici rozsahu pouze sidelniho are-
dlu nebo celého tzemi. Obecny charakter shlukovani
sidlistnich komponent v éfe zemédélského hospodai-
stvi pravéku a protohistorie nasvédéuje prevladajicim
koopera¢nim vztahim ve spole¢nosti z mnoha riznych
divodu. Z hlediska geografie (,,site-catchment® princi-
py, napf. Kuna 2004) je lze pfedpokladat minimdlné
na drovni jednotlivych komunit, jejichZ archeologizo-
vanym dokladem je sidliStni komponenta, resp. rezi-
denéni aredl. PfestoZe subsistencnf strategie a autarkn{
zpasob hospodafstvi patrné umoziiovaly jednotlivym
komunitam relativni sobéstac¢nost, hustota socidlnich
vztahd je v prfipadé strukturovani sidliStnich aredld
zjevnd a vzhledem k uplatiiovani principti exogamie
arealizaci elementdarnich ekonomickych vztaht pravdé-
podobné velmi vyznamnd (Neustupny 2010, 241-247).
V piipadé€ socidlni diferenciace, patrné z archeologic-
ké pramenné baze doby fimské (zejména na zdkladé
pohfebist), shleddvime obraz spiSe méné strukturova-
né spolecnosti, jejiz existence je podminéna siti spo-
leCenskych vztahi, které hierarchicky definuji vztahy
mezi jedinci, rodinami i celymi komunitami.

Samotnd digitdlni reprezentace studované sidelni
struktury byla vytvofena v rdmci volné dostupného
software NetLogo (Wilensky 1999) pro tvorbu agent-
nich modeld (obr. 8). Vstupni data byla pak vytvofena
v ramci GIS software ArcGIS Desktop 10.6 (ESRI).
Rozloha celkového zkoumaného tzemi v ramci agent-
nfho modelu ¢ini 32.300 km? pfi délkach stran dzem{i
170 (V-Z) a 190 (S-J) km (obr. 3). Rozliseni buriky
rastru bylo stanoveno na 500 x 500 m (dimenze rastru
340 x 380 m). Prostor je v multiagentnim modelu re-
prezentovan rastrem (miiZkou) s danym poctem bunék
o shodné velikosti stran (diskrétni prostor), rozliSenim
a definovanymi proménnymi (kazda buitka mize obsa-
hovat libovolny pocet nomindlnich, kardindlnich a di-
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chotomickych proménnych). Timto zpusobem lze vy-
jadrit formalni mnohorozmérnost modelového prostoru
a pfijednotlivych iteracich v prib&hu simulace provadét
kalkulace na zdklad¢ jejich hodnot. Pro odvozeni hlav-
ni vstupni datové vrstvy ,,preference” sidelnich aktivit
(obr. 13), kterd poskytuje béhem simulace vychodisko
pro rozhodovaci procesy vzniku a vysledné distribuce
rezidenénich aredld a jejich zdzemi, byly na zakladé re-
prezentativniho zastoupeni vlivu v piipadé empirickych
dat vybrany proménné z oblasti geomorfologie (sklony
svah, obr. 10, graf 2, tab. 2), hydrologie (ndkladova do-
stupnost rekonstruované fi¢nf sité, obr. 9; strukturujici
role patefnich vodnich tokt regionu, obr. 12) a kvality
pad (obr. 11, tab. 3, graf 3). Do rdmce dynamiky vy-
voje osidleni byly téz zahrnuty pfedpoklady imigrace
prvotnich germdnskych populaci v pribéhu 1. stoleti
¢i variabilita délky trvani jednotlivych komunit, sle-
dovatelnych v archeologickém zdznamu, ackoli jejich
piiciny (ekonomické aspekty, vyvoj politickych vztaha,
fimsko-barbarské konfrontace apod.) jsou Casto nejas-
né a jejich vyvoj v prostoru a projev v archeologickém
zdznamu muiZe nabyvat ruznych forem.

Z charakteru hlavnich vstupnich dat a nastaveni
modelu, zejména velikosti populace reziden¢nich area-
It (testovaci intervaly 5-10 a 5-20 usedlosti na jedno
sidli$té) a ndarokt na velikost hospodafského zdzemi
potiebného pro realizaci jejich subsistencnich aktivit
(15, 20 a 25 ha na jedno sidlisté), vyplyva, Ze testované
scénafe pro odhady potencidlniho pocétu obyvatel byly
zaloZeny pravé na téchto dvou proménnych a jejich va-
riabilité (tab. 4, obr. 14, 18). Komparace jejich vlivu
na kvantitativni charakteristiky demografie german-
skych populaci na zdkladé vysledkd v ramci jednotli-
vych modelti umoznila stanoveni pravdépodobnostniho
intervalu poc¢tu obyvatel modelovaného izemi, ramco-
vé 130 az 210 tisic obyvatel. Tento rozsah je vSak vnitf-
né strukturovany, a 1ze ho omezit o ,,extrémni‘ scénare
na obou strandch. ZizZeny pravdépodobnostni interval
by pak bylo mozné stanovit na zhruba 150 az 190 tisic
obyvatel. Hustota lidskych sidel by se v rdmci piedpo-
kladatelného rozsahu sidelni zény (cca 13 tisic km?)
pfi poctu mezi 4 az 7 tisici sidlist pohybovala mezi 0,2
az 0,5 sidel na km? a hodnoty lokdln{ hustoty populace
v rozmezi 10 az 15 obyvatel na km? (obr. 15-17).

Podle vstupniho intervalu poctu usedlosti na jeden
sideln{ aredl se jejich vysledny pocet pohyboval ramco-
vé mezi 5 az 7 tisici. Pro srovnani kalkulovanych odha-
di celkového poctu obyvatel 1ze uvést dostupné odhady
z Cech. Pro dobu laténskou se v sou¢asnosti odhady po-
hybuji mezi 160 az 200 tisici obyvatel v€etné oppidal-
niho prostiedi (Waldhauser 2001, 23; Sala¢ 2008, 42).
na stejné urovni (Sala¢ 2008, 54). Pfi velikosti german-
ské sideln{ zony o velikosti zhruba 13 tisic km? Ize pak
odhadnout hodnoty lokdln{ hustoty osidleni v rozmez{
12,3 az 15,4 obyvatel na km?. Nékteré odhady vsak kal-
kuluji az s pilmilionovou populaci Cech doby ¥imské
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(Motykova 1976, 181; Pleiner, Rybova 1978, 722), coz
by predstavovalo hodnoty 38,5 lokdlni a 3,4 globalni
hustoty populace na km?. Jak jiZ bylo uvedeno, odvo-
zovat hodnoty lokalni hustoty nen{ idedlni vzhledem
k strukturovani a vnitin{ variabilité sidelniho aredlu.

Béhem simulaci bylo rovnéz zamérem sledovat vliv
prostorové distribuce sidelnich aredlt podle prahové
hodnoty maximalni dostupnosti pohfebnich aredld.
V rdamci simulace vyvoje sidlen{ struktury je vznik no-
vého sidlisté, resp. sidelniho aredlu spojen se vznikem
nového pohfebiste, ¢i s vyuzitim existujictho v rdmci
dostupnosti, kterd byla testovdna na tfech hladinach
— 1,2 a 3 km (obr. 19), které mély ve vysledku vliv
na celkové strukturovani hlavnich charakteristik mo-
delovanych pohiebnich aredll (primérny pocet pohibd
na pohiebisté ¢i pocet pohibivajicich komunit). Mode-
lované vysledky umoziuji kvantifikovat nékteré aspek-
ty fimského vojenského zdsahu do studované oblasti,
predevsim je tomu tak v ramci kli¢ové etapy vyvoje re-
gionu v obdobi markomanskych vélek. ZvySend mobi-
lita obyvatel v tomto obdobi je zmiflovana v pisemnych
pramenech a také doloZena v archeologickém zdznamu
(srov. Tejral 2006), avSak zdkladni odhady umoZiiuji
kalkulovat pravdépodobnou velikost populace oku-
povaného uzemi. Pokud tyto demografické procesy
skute¢né mély zasadni impakt do lokdlnich sidelnich
struktur, bylo by mozné uvazovat o nizsich hodnotach
z celkového pravdépodobnostniho intervalu odhadd
celkového poctu obyvatel. Zcela neopomenutelny je
vyznam hustoty germdnskych sidel v prostoru vzhle-
dem k celkové strategické koncepci i podminek realiza-
ce velkoplo$né okupace germdnského sidelniho izemi
(srov. Komoréezy, Vlach 2010). Podminky priichodu
krajinou by pak faktorem hustoty osidleni (a zprostied-
kované drovné stavu sukcese zejména lesni vegetace)
byly pfinejmensim ovlivnény. Tato otdzka se také tyka
podminek pro zakladani fimskych vojenskych instala-
ci (zejména kratkodobych tdbort)) v ramci studované
oblasti. V mnoha pfipadech byla dokumentovdna su-
perpozice téchto zafizeni a germanskych rezidenénich
aredll (srov. Komordczy, Vlach 2010, 252-254).

Vysledky modelované sidelni struktury zdroven
umoznuji mj. verifikovat kvantitativni data dostup-
nych literdrnich prament. JiZ mnoho rozborG pou-
kédzalo na problémy spojené s kvantitativni povahou
udaju obsazenych v dostupnych literarnich pramenech
pro toto i dals$i obdobi (obr. 20). Né&které zminky
o poctech zajatct (v desitkdch tisic) navracenych zpét
Rimu se v ramci predpokladanych populaénich pomé-
ri na dzemi stfedodunajského barbarika jevi pomérné
problematicky. Pocet zajatci ziskanych Germény pfi
bojich a drancovani provincie Pannonie by tak pred-
stavoval az polovinu celé germanské populace. Jejich
pritomnost zdroveni generuje otdzku jejich absence
v archeologickém zdznamu. Jednou z ¢asto uvadénych
informaci kvantitativni povahy k pfitomnosti fimskych
armad na tzemi stfedniho Podunaji je idaj o vojenské
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sile v poctu 20 tisic muzu (jak pro markomanskou tak
kvadskou sidelni zonu) od Cassia Diona, kterd méla ob-
last naddunajského barbarika v poslednich fazich kon-
fliktu trvale a kompletné okupovat, a podle historické
narace znacné znesnadniovat Zivotni podminky mist-
nich lidi (napi. Tejral 1999). Pokud lze v ramci mo-
delovaného poctu obyvatelstva uvazovat zhruba 20%
bojeschopné populace, v piipadé uzsiho odhadovaného
intervalu by to pfedstavovalo zhruba 30 az 38 tisic bo-
jovnikt. Pokud by existovala moznost, Ze se narativni
prameny v tomto ohledu bliZ{ redlnému stavu, jedna-
lo by se o relativné srovnatelné velikostni kategorie.
V konfliktu markomanskych valek jsou vSak jmenova-
ny mnohé dalsi kmeny, které se ve sttednim Podunaji
zapojovaly do loupeZivych ndjezdl a vojenskych stfetd.
presunulo na germénské tizemi, barbarské populace jiz
byly v bliZze nespecifikovatelném objemu redukovany
v disledku bezprostiedné ptedchdzejicich stiett. Pfi
konfliktech s politickymi entitami na trovni nacelnic-
tvi (zejména barbarské komunity) se v§ak Rim Casto
nachdzel v pocetni nevyhodé, avsak rozdil ve vojenské
technologii a organizaci tuto nevyhodu kompenzoval.

Prostorové aspekty vysledki modelované distribu-
ce lokdlni hustoty osidleni zaroven poukazuji na zjev-
né disproporce pozorovanych (archeologicky zdznam)
a oCekavanych (pravdépodobnostni mapy vzniklé na za-
kladé simulaci) vyskytd. Pfirozené charakter empiric-
kych dat nen{ prostorové ani kvalitativné reprezentativ-
ni a odpovida stavu poznani v konkrétnich regionech.
V obecné mife vSak vys$s$i modelované hustoty osidleni
pri komparaci s dolozenymi vyskyty vykazuji ocekava-
telné vysokou korelaci. Otazkou je napt. nesoulad pred-
poklddatelné vhodnych podminek pro osidleni v niZin-
ném prostoru Videniské panve severné od toku Dunaje,
kde pfi srovndni s ostatnimi oblastmi regionu postrada-
me vyraznéjsi stopy osidleni (srov. Pollak 1980), a kte-
ry je tak v ostfejsim kontrastu s ndlezovym prostiedim
podél dolniho k toku feky Moravy (obr. 2, 17). Je vSak
tfeba dodat, Ze koncepce a vysledky modelu jsou pfimo
umérné omezenim danym netdplnosti primarnich dat
a teoretickych modeld vyplyvajicim z jejich generaliza-
ce. PfestoZe prezentovany pokus modelovani zaméfeny
na zdkladni demografické vlastnosti poskytuje urcité
kvantitativni a ¢asoprostorové poznatky, obohaceni do-
stupnych a stdle pfibyvajicich poznatkt poskytuje pro-
stor pro zahrnuti dal§ich informaci, které v budoucnu
mohou vést ke zpfesnéni tohoto typu vystupd.
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