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PREFACE

In the present study the nutritional status of humans is used as an indicator for welfare,
in terms of the biological standard of living, being examined for pre- and early historic
Europeans.

The mean height of the population is used as a proxy for the nutritional status. For
the heights physical anthropological measures of skeletons from archaeological
excavations serve as main data source. Based on these data, temporal development and
regional differences in the quality of the nutritional status are determined. Possible
determinants of the different development in nutritional status and altered circumstances
are studied using econometric methods. The utilized statistical methodology is novel for
the study period: It is the first time that anthropometry is employed for a long run study
on pre- and early European history. And this, although the anthropometric approach is
of particular suitability for these periods, since only very few written ancient sources on
nutrition and welfare development exist, which are furthermore of questionable
reliability due to the specific intentions of the writers, and therefore not usable.

All the data used in the study, the dependent variable — means all height data — as
well as the explanatory variables were collected, compiled, and (re)estimated personally
by the author as important part of the present study. The data set is the largest of its kind
compiled for this study period and region so far. Hence, in contrast to studies on recent
periods, the necessary extensive investment has to be emphasized.

To study the nutritional status of populations of early-historic periods, an
interdisciplinary approach is necessary: all height data and most data on its
determinants stem from excavations and archaeological work, whereas the

econometric methods come from applied economic research.



During the data collection it turned out that various models had been applied by
different authors to reconstruct height from excavated bones. Because these models
result in different estimations, it was necessary to develop algorithms to enable the use
of as many data as possible, and to guarantee a reliable, homogeneous evaluation of the
data. This method for unification of the results of the various models, which is also of
interest for future researchers, is part of this thesis.

With the present work the first approach is presented to fulfill the long
outstanding desideratum of a very long run study in the nutritional status in pre- and
early historic Europe.

The PhD-Thesis focuses on questions such as: How has the nutritional status in
European developed in the long run? Are there differences in the development between
the different European regions? Do gender effects make a difference? Is mean height
affected by, for example, changes in agricultural specialization, changes in population

density, or by Roman ‘civilization’?

XI



1. GENERAL INTRODUCTION

Based on the concept of the biological standard of living various authors were able to
elucidate the development of the living standard in the course of the recent three
decades in economic historic research (for example, Baten 1996; 1997; 1998; 1999;
Komlos 1993; 1995b; 1998; Steckel 2007; and most recent the works presented in the
journal of “Economics and Human Biology”). The informative value of mean height as
indicator for health and nutrition also became further established in medical science and
palaeo-medical research (see e.g. Cohen 1989; Armelagos 1990; Czarnetzki 1996;
Larsen 1997; Grupe 1990).

The utilization of mean height of a population as indicator for nutritional status is
based on the finding of biologists that chronically insufficient nutritional status during
childhood and adolescence suppresses growth, and therefore results in lower adult
height. Final height is the output of the cumulation of factors concerning living
conditions during the whole growth period.

Obviously, this anthropometric approach, the determination of nutritional status
by mean height, is especially appropriate for study periods for which no sufficient
quantitative data on any aspect of living standard exist. Therefore, this methodology of
utilizing mean height is the ideal way to study ‘archaeological’ periods.! For the long
run study presented in this thesis excavated bone material is used, because it is the only

quantifiable source for mean height and nutritional status.

! Additionally to the uniqueness of height data as information source for archaeological periods, where no
other adequate sources are available, the use of mean height as proxy for nutritional status has further
important advantages: primary sources are available, and the data provides good comparability
possibilities between centuries and regions (the creation of an exact good basket can be avoided — this

anyhow would have been impossible for the present study).



Wing and Brown (1979, 87) already stated that “stature estimation (of fairly
complete skeletal populations) can be used to examine long-term changes in resource
availability and nutritional intakes, and to test the possibility of status differences within
a population”. However, up to now scarcely anybody employed this ideal possibility in
order to study living conditions in Europe in the very long run to learn about pre-
modern periods.’

Already Garnsey (1989, and 1998) formulated the utilization of mean height as
“exigence”. Presumable reason, which kept others from complying this desideratum
could be the extreme work and time expenditure required to compile the data on all the
variables. Furthermore, the need to make the height data comparable may have hold
former researchers back in conducting a long run study.

But in this thesis, finally the conditions of pre-historic, ancient, and early historic,

up to early-modern Europeans are studied.

2 By now a great number of studies were conducted which deal with modern times, especially the pre-
industrial and more recent periods. All of them emphasized the informative value of mean height as
proxy, and detected an interaction with various economic conditions (for example technical progress in
agriculture or medicine, or free trade: Baten 1999). However, on the contrary no extensive regional and
temporal — means several periods over-spanning, long-term overview — anthropometric study of the
nutritional status in pre- and early historic Europe was conducted by now. The only few existing works
mostly focus on osteological-anthropological aspects, and cater for single regions or periods (Huber
1968; Cohen and Armelagos 1984; Bennike 1985; Gilbert and Mielke 1985; Grupe 1986; Haidle 1997;
Kunitz 1987, Schutkowski and Grupe 1997; Jager et al. 1998; Lalueza-Fox 1998; Schréter 2000;
Waldron 2001; Brothwell 2003; Maat 2003; Steckel 2003; deBeer 2004). Furthermore all of them are
based on a small number of observations only. Lalueza-Fox (1998) even compared data reconstructed by
different models. For example, Steckel (2003) studied Scandinavian data finding a considerable decrease
in mean height since the Middle Ages. Maat (2003), and Brothwell (2003) recently confirmed this
finding for the Netherlands. Antiquity was hardly considered by now in an overview (see Jéger et al.
1998); if at all single cemeteries are analyzed in terms of nutritional status (see Bisel 1988; Farwell and
Molleson 1993). Exception was provided by Angel (1984) with his work on Greek regions in ancient
Roman times, for which he found decreasing mean height. The only long-term study of a dimension
comparable to the present study was rendered by Steckel and Rose (2002) for the Americas from pre-

historic times onwards.



1.1. INITIATION AND OBJECTIVES OF THE STUDY

Activating ‘trigger’ for this PhD thesis was our special interest for regular living
conditions in Roman antiquity. The reason to choose as the study period the pre-
historic, and early historic centuries, from Iron Age until modern pre-industrial times,
and to choose Europe as study region underlies in our fascination for both, the overall
archaeological period as such, and the possibility to learn more about it in a new,
interdisciplinary way. This includes the possible verification of older hypotheses by
employing the interdisciplinary approach. That is, for example, to clarify the impression
of a contradiction in terms of a positive impact of Roman imperialism and occupation.

In particular, we were interested whether the opinion that a positive effect of
Romanization — which one gets mediated studying Roman archaeology — is correct. It
seems that the idea of the positive impact of Romanization was accepted by
archaeologists directly from the ancient literature. The “ultimate Other is the
‘barbarian’, the man or woman from outside the frontier, subject to conquest and
enslavement as well as to Romanization” (Fantham et al. 1994, 385), and thus becoming
‘civilized’ and therefore positively affected.” Based on this common idea the question
arose in which direction, and to what extent the ancient Roman imperialism actually had
an impact on the core region, perhaps different to the occupied regions.*

Another key question was whether the image of the comparably ‘Dark Ages’ in

medieval times, which is presented in the written sources, can be confirmed or not.

? see Fantham at al. 1994, 386: “These are the figurations of the separation between inside and outside,
between civilization and its opposite ... Roman historical texts and images tell... us less about
‘barbarians’ than about the Romans themselves. The most familiar visual type is the mourning ‘barbarian’
woman on coins and reliefs ... She recurs as the emblem of defeat ... Until the emperor reaches out to
raise her up and transform her into the personification of a happy province”.

* Of course, one has to have in mind, that periods do not really end or begin exactly in one century, and

that ‘flows’ in development can hardly be captured accurately.



Overall question was how the nutritional status developed with time, over
approximately 2500 years, and for different regions in Europe. Until now, no overall

quantitative study was conducted to clear up these questions.

The main questions of the study are: What was the overall development of
nutritional status? Which were periods of ameliorated conditions? How did conditions
develop in different European regions during pre-, and early history? And what are the
determinants causing differences?

But how to challenge these questions for periods for which an adequate amount of
reliable written, quantifiable sources is missing? “Soliciting” tool is the anthropometric
approach. We apply the concept of the biological standard of living (Komlos 1985) —
using mean height as proxy for the nutritional status of a population — and studying its
interdependence with environmental, political, economic and social developments.

“Archaeological human skeletal finds constitute a valuable empirical source for a
better understanding of daily life in the past. In contrast to many written records, art and
artifact, which often have a symbolic meaning, information on the living circumstances
of the individuals are available from the bone” (Grupe 2003, 293).

To study the nutritional status of populations of early-historic periods, an
interdisciplinary approach is utilized: All data (height data, as well as data on its
determinants, and dating purposes) stem from excavations and archaeological work,

whereas the econometric methods come from applied economic research.

The study starts with the eighth century B.C. and covers the centuries including
the 18" century A.D. The whole period under study (800 B.C. — 1800 A.D.) belongs to
the later Holocene, which means that no extreme climatic changes occurred; however,
the Little Ice Age, and the medieval warm period are considered. Of special importance

are the centuries prior, during, and after the period of the imperium Romanum in order

4



to examine changes in nutritional status in connection with Roman occupation and
foundation of provinces, and break down of the empire, as well as to study further
development during the Migration Period and the Middle Ages.’

Europe, as the study region mentioned in the title was separated in three major
regions’: into a Mediterranean, a Central-Western and a North-Eastern part (see Figure
1). The regional classification is based on the initial idea of subsuming regions in terms
of their occasional “pertinency” to the Roman Empire.” In terms of data origination, the
first part refers in particular to the Italian region, and France. The second part is
geographically quite comprehensive:  Central-Western Europe includes Britain,
Benelux, South and Western-Rhine Germany, North-Eastern France, Switzerland, and
Western Austria. The third part ‘consists’ chiefly of Scandinavia, Eastern Germany,

Poland and Hungary.

The focal point of the study is the mean human height, which is directly based on
the nutritional status (that is comprised by quality and quantity of diet, health
conditions, and work load). Therefore, it is the ideal indicator for nutritional status
respectively the biological standard of living.

The separation into three major European regions allows, on the one hand, the

study of nutritional status in different regions in comparison to one another during each

> Please note, in this study the labeling of the centuries is done the following way: starting from year 0
(standing for the Nativity) in each direction (B.C./A.D.) those years, which would — according to the
order of numbers — come first, are subsumed as one century that is (as “generic term”) labeled by the next
highest number in a classical enumeration, means for example 99 - 1 B.C. is classified as the first
centuary B.C., and 200 — 299 A.D. as the third century A.D.

 For more detailed information which modern countries are subsumed in each of the there main
European regions see chapter 4.1.

7 Hungary only in small parts; see for example Visy 1985.



of the centuries, and on the other hand the temporal development in the course of the

centuries within each region.

FIGURE 1
MAP OF THE THREE MAJOR REGIONS IN EUROPE AS SUBSUMED IN THE DATA

Wl Mediterranean Region B Central-western Region Marth-Eastern Region

The value of the study is the use of the quantifiable source “mean height” (based
on the novel source of bone remains) as indicator of nutritional status to describe the
development of the biological standard of living in Europe over 2500 years. In addition,
it is the creation of variables to analyze the reasons for the development for the study
period, which had not been studied (that way) until now. The data that have been
collected for this purpose result in the biggest set on pre-modern Europe (see chapter
4.1, Table 3, for comparison to other studies). Other than data stemming from most

written sources even for the last centuries, the skeletal remains have the advantage that



not only information on males, but also on females, is given in a representative amount.

This enables us to study also gender-specific inequality.

1.2. OUTLINE OF THE THESIS

The thesis is based on four, in parts already published, papers, which are combined in
chapter 4. In order to embed these results the work starts with two incipient chapters:
To illustrate the background, chapter 2 presents a review of the research fundamentals
that are the basis for the study, including the description and discussion of the
interrelation of nutritional status and mean height. In addition, possible determinants of
nutritional status, as well as the complex interrelations of these various factors are
illustrated. This part of the thesis ends with a sub-chapter giving a historic outline —
providing a brief overview of important events and developments that might have
influenced European living conditions and its potential determinants (and vice versa).

In the next chapter, description and discussion of the employed data are given — of
the sources and their informative value — and an overview on the methods applied for
the study; including a sub-chapter about the newly developed algorithms.

Chapter 4 starts with an overview of the main topics and results, followed by the
presentation of the detailed sub-studies conducted in the mentioned different papers.
The four sub-chapters concentrate on different questions on European nutritional status
and its determinants. We test different hypotheses, like the positive effect of proximity
to high quality protein production, the negative impact of rapid urbanization without
sufficient sanitation and public health that is among other aspects accompanied by
greater exposure to vermin and pathogens, or the impact of climate change. In chapter

4.1., we study the development of mean height, from the first century until the 18"



century A.D, and several determinants, such as population density, social status, and
temperature development. In chapter 4.2. the same centuries are covered; however, in
terms of explaining variables the central focus lays on the changes in agricultural
production and the effect of animal protein. For the subsequent chapters the data set was
expanded for the centuries already studied, and in particular data for the centuries back
to the eighth century B.C. have been added. In chapter 4.3., emphasis lies on the effect
of Romanization, besides the various other potential determinants. In chapter 4.4., we
study the gender dimorphism in the course of the pre- and early European history.

The thesis closes with the general discussion of the main findings and
conclusions. An appendix displays the algorithms that had been developed in order to

harmonize the different models for height reconstruction in the literature.



2. NUTRITIONAL STATUS AND MEAN HEIGHT

Fundamental basis for the thesis is the existence of a close correlation between the mean
height of a population and its nutritional status or net nutrition (see, for example,
Schofield et al. 1991; Baten 2000 et al.; Harris 2000; Leonard 2000; Scott and Duncan
2002; Moradi and Baten 2005; Li et al. 2007; Schwekendiek 2008). Therefore, mean
height is a good proxy for nutritional status during growth, and thus for (biological)
well-being of a population. The why and how will be illustrated in the following.
Growth in humans, and thus final mean height, is on the one hand influenced by
endogenous factors like genetics, and hormones. On the other hand, it is influenced by
exogenous factors such as nutrition, disease environment, and physical activity. All of
these interacting factors “are influenced by the [ecological] environment they are
embedded in and by changes in this environment” (Curtis et al. 2005). If an individual
suffers from under-nourishment this results in growth retardation or even occasional
growth cessation and reduced final height (Floud et al. 1990; Mays 1995b; Rey and
Bresson 1997; Wahl and Kokabi 1999), which in summation is manifested in mean
height of a population.® Thus, the exogenous factors determine in how far the genetic
height potential can be reached (or the attaining is prevented), and therefore mean
height is a sensitive indicator for wellbeing and living environment (Waldron 2006,

255).

¥ We know from studies on modern times that Europeans are genetically quite homogenous; that this is
the case can also be seen if one compares penrose-distances: for example early medieval skeletal series
of Franks, Saxonians, Bajuwaric and Alamannic people are nearly identically (Roth 1984, 183). For a
study such as this thesis a genetically homogenous data is necessary, of course.

? For a genetically homogenous population Silventoinen (2003) found that approximately 20% of the
variation in height is caused by environmental differences; she presumes that under worse environmental

conditions the percentage is probably even higher. Correspondingly, many studies point out the



Nutritional status is defined as the counterbalance of a positive effect of nutrient
consumption (quantity and quality), and the negative effects of exposure to parasites,
disease stress, and work load (McKeown 1983; Al-Dabbagh and Ebrahim 1984; Scott
and Duncan 2002; Ulijaszek 2006). The nutritional status is adequate if the quality and
quantity of diet is sufficient (or even exceed the needs) to compensate any possible
negative effect resulting from the other main factors.'"’ But any of these four main
factors is of crucial importance in comprising nutritional status. Correspondingly,
inadequate or sufficient living conditions have a detrimental or beneficial impact on
mean height.11 Moreover, often risk factors that have a negative effect on the outcome

in mean height occur together or cumulatively, with concomitant increased detrimental

importance of environmental changes for temporal and regional differences in mean height as opposed to
genetic changes: for example the extreme upward trend within only a couple of years all over the world
in modern decades if economic and health conditions develop positively (see for example Steckel 1995;
Floud et al. 1990). Especially impressive is the mean height increase in Dutch recruits, starting from
being (with 165 cm) the shortest Europeans in the mid-19" century A.D., and becoming the tallest today
(see van Wieringen 1972). The importance of nutritional status is also verified by occasionally occurring
decrease in mean height reverse to the course of positive secular trend (Malina 1990; Baten 2007).
Variation in mean height hardly can be explained by genetics, because it is to be supposed that a
Darwinistic evolution does not modify the genetic growth potential substantially within a few centuries
(Eveleth und Tanner 1976); and moreover the experience of different height gains between sub-groups of
a genetically homogenous population like the Europeans (Garcia and Quintana-Domeque 2007).
Correspondingly, people of higher social status have comparably a taller mean height than people of
lower class (Huber 1968): Living conditions for members of the higher social classes are often
comparably good, and thus beneficial for reaching full genetic potential (Floud et al. 1990), whereas
malnutrition, infection, and poor living conditions result in a vicious circle producing a net negative
response in growth and development (see for example Saunders 1992; Larsen 1997). Correspondingly, in
isotope analyses pre-industrial Europeans of higher social status were found to be better nourished in
terms of high-quality animal protein (e.g. Grupe 1990; Schutkowski 1993).

' In addition, also further aspects like psychosocial status can have an impact.

" Growth failure ranges from retardation to complete stunting. Waterlow (1972) introduced the term
‘wasting’ to denote acute malnutrition (i.e. low weight-for-height), and the term ‘stunting’ to label
chronic under-nutrition (low height-for-age). Stunted individual’s stature is defined as height, which is

below two standard deviations of mean height for age of the corresponding population.
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impact on the growth development potential (Walker et al. 2007b). Consequently, mean
height of a population can be used as proxy for its nutritional status (that allows to
deduce the Biological Standard of Living); see for example Komlos and Cuff 1998;

Steckel 1995)."

2.1. IMPORTANCE OF ADEQUATE NUTRITIONAL STATUS AND
MEAN HEIGHT AS PROXY

Nutritional status is very important for any population at any time because it is in close
interaction with welfare: On the one hand, living conditions (and thus welfare)
determine the determinants, which shape nutritional status. On the other hand, if
nutritional status is insufficient, it can result in important negative consequences for the
body and its activity function, and thus in turn has an impact on welfare:

Adequate nutritional status is most important for a body, and its physically and
mentally functions to develop and perform well. An adverse nutritional status has vast,
far-reaching effects, because it results in immediate consequences for health during
childhood, and also can lead to negative upshots later on in life constituting “severe and
costly physical and psychological complications in adulthood” (Bogin 1996a, 21)."
Chronic malnutrition leads to reduced growth during fetus-, childhood and youth, to
enable the maintenance of basic body processes. Thus a full attaining of the possible

genetic height potential is suppressed, which results in lower adult final height (see for

'2 Mean height is (even) used as indicator for nutritional status for today’s populations (WHO 1995; De
Onis and Habicht 1996), as well as historic populations all over the world, pronouncing the importance of
this proxy (Fogel et al. 1983; Komlos 1985 ff.; Steckel 1995; Floud and Harris 1997; Steckel and Floud
1997; Baten 1999 ff.

" See Hamilton (1982, 135 f.) with an overview on possible results especially of deficient diet.
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example Henry and Ulijaszek 1996; Cameron 2002)."* Moreover, lower adult height
was found to be an unfavorable basis for several aspects in life (beginning with
matchmaking success up to chances in the job market: Holden and Mace 1999; Nettle
2002).

Furthermore, inadequate nutritional status during growth has an impact on
morbidity also later in life, for example on cardiovascular, bronchial and respiratory, or
cholesterol and diabetic disease susceptibility in adulthood (Uljiaszek 1996). And in the
worst case, malnutrition leads to higher mortality rates and lower life expectancy (for
example Rotberg 2000; Baten and Fraunholz 2004; Gluckman and Hanson 2004a)."
Also, the formation of physiological, physical and cognitive body functions depends on
nutritional status during growth (for example Grantham-McGregor et al. 2007; Walker
et al. 2007a): this means reduced ability and motivation to be physically and mentally
active (what, for example, abates the ability to learn, which subsequently can result in
adverse adult living conditions).

Nutritional status influences welfare, because it affects both height outcome and
human capital (Gautschi and Hangartner 2006), which in turn have an impact on
nutritional status again, via e.g. working capability (see for example Stinson et al.
2000)."® As a consequence, nutritional status can affect productivity and human capital

accumulation. As a negative outcome this may result in an “intergenerational

" In case of prolonged nutritional deficiency, somatic growth can be permanently impaired. But more
temporary mis-conditions can be compensated by so called catch-up growth; however, to enable this
development substantial improved nutritional status is the basic requirement (Whitehead 1977). And still,
in general, retarded growth in infancy is connected with small height in a child, and, usually, in small
final adult height (despite possible catch up growth: see for example Li et al. 2003).

'3 Increased mortality often is not only caused by ‘pure’ starvation, but by inadequate diet in combination
with diseases that are sometimes also conditional on nutrition quality.

' For example Robert Fogel won the Nobel-prize stressing the relevance to combine biomedical and
economic analyses, which makes it possible to consider the impact of improved nutrition on the secular

trend in health and life expectation, on labor productivity, and on economic growth.
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transmission of poverty” (Thomas and Strauss 1992)."” Correspondingly, higher social
status in pre-industrial developing countries regularly has a positive impact on final
height. Often this effect can be ‘translated’ to overall national economic development
and the interaction with mean height of a population (for example, Arcaleni 2006; Fogel
2004; Komlos 2007). Nonetheless, this does not mean that economic growth always can
be associated with overall beneficial biological well-being, as, for example, the
‘Industrial Growth Puzzle’ circumscribes (Komlos 1998). Factors like ‘urban height
penalty’, increased inequality, and inadequate or unequally distributed food availability
can result in stagnating or decreasing mean height despite national economic increase
(Steckel and Floud 1997; Baten 2000; Lopez-Alsonso and Condey 2003; Haines 2004;
Laska-Mierzejewska and Olszewska 2007; Chanda et al. 2008).

Permanent malnutrition seems to result in adaptations of the body, which “may
permanently alter adult metabolism in a way that is beneficial to survival under
continued conditions of malnutrition ..., but detrimental when nutrition is abundant”

(Scott and Duncan 2002, 137). This adaption of the body is realized by lower height.

Which is the predominant age period of final (mean) height determination?
Growth of humans develops not continuously, but in different ‘propulsions’: during the
intrauterine, and the post-natal period, infant and weaning childhood, and the adolescent

growth spurt cumulatively final adult height is comprised.'® Correspondingly, under-

'7 On the relationship of mean height and productivity, see for example: Margo and Steckel 1982; Spurr
1983; Fogel 1994; Strauss and Thomas 1998.

'8 Different recent studies indicate that early nutrition has significant consequences for later life (see
Stinson 2000, 457 f.; Koletzko et al. 2005). Environmental conditions during growth of the suspected
mother determine body proportions of the gravida, that way also the placenta, whose size is related to
foetal, and infant growth (Leiarraga 2002; Hindmarsh et al. 2008). Poorly nourished gravidae tend to give
birth to small babies, “which tend to show poor growth in ... height over time. The cycle of poor
nutrition, poor health, and unsanitary living conditions repeats itself” (Gopaldas and Gujral 1995, 226).

Moreover, preterm birth (with additional negative effects on the child) is related to low maternal pre-
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nutrition of a child can even start with malnutrition of the mother."” However, of special
importance, is nutrition during infancy — the lactation period as well as the weaning
period. This is, because then the growth velocity is the highest®®, which results in
especially high nutritional requirements (Poskitt 1999; Scott and Duncan 2002). The
first years in life are the most critical, and therefore the most decisive period for the
attainability of the growth potential, and thus for the determination of final height
(Eveleth and Tanner 1976; Tanner 1981; Bogin 1988; Baten 1999; Baten 2000; Stinson
2000).

It can be assumed that the conditions, which are relevant for the growing up part

of the population can be transferred to the contemporary living adults. Therefore, mean

pregnancy body-mass index (Merlino et al. 2006). On the other hand, foetal growth depends on the
current nutritional status of the mother during pregnancy, which in turn affects postnatal (and even later)
height and health outcome (De Onis et al. 1998; Wu et al. 2004; Langley-Evans and Carrington 2006;
Mericq 2006; Martin-Gronert and Ozanne 2006; Roseboom et al. 2006). A breastfeeding mother needs
extra calories to provide complete food for healthy infants, and “mothers in communities suffering from
malnutrition, ... may be unable to produce sufficient quantities of good quality milk to satisfy the
requirements of the growing infant” (Scott and Duncan 2002, 151).

' During the lactation period nutrition and nutritional status of the contemporary population is of special
importance, because maternal nutrition influences lactational performance. Firstly, in pre-modern,
underdeveloped societies not only mother milk per se is of special importance for ‘backing up’ adequate
nutritional supply and protection against infections (see for example Brown et al. 1998), and, in addition,
a breastfeeding mother needs extra calories to meet complete diet requirements for healthy infants (see
above). Secondly, furthermore, adequate nutrition of the mothers enables prolonged breastfeeding, which
has both, an important impact on the infants’ health and stature, and results in stretched birth intervals,
which mean support for ameliorated maternal health during the next pregnancy (Scott and Duncan 2000).
In the following weaning period high quality and quantity diet is of particular importance, because the
dietary change makes the individual all the more vulnerable (Motarjemi et al. 1993; Marino 2007).

2 A second period of pronounced growth increase is puberty, but it is less decisive because the human
body is less sensitive then. Nevertheless, gaining final height can be delayed or prolonged until an age of
23 or even up to 25 years (Tanner 1981; Komlos 1985; Moradi and Guntupalli 2004) due to
environmental and socio-economic determinants resulting insufficient nutritional status (Eveleth und

Tanner 1976).
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height of a ‘birth cohort’ can be used as indicator for the nutritional status, and welfare

of the whole population.

As we have seen, nutritional status defines mean height of a population.
Therefore, the correlation of nutritional status and welfare, and thus the importance of
nutritional status have long been accepted (Shepard and Patizkovd 1991; Scott and
Duncan 2002). Consequently, mean height of a population is the ideal proxy, and thus
allows to reconstruct the nutritional status of a population (as was it done for example,
by Lopez-Blanco 1995; Steckel 1995; Komlos and Cuff 1998; Li et al. 2007).

Correspondingly, it is possible to define changes in environmental conditions as
indicated by changes in mean height. Especially for archaeological periods for which no
adequate written sources are given, this is an essential method to analyze living
conditions. This possibility is employed within the scope of the present study for the

first time to give an overall, long run overview for pre-and early historic Europe.

2.2. MAIN FACTORS DETERMINING NUTRITONAL STATUS

Nutritional status is ‘brought about’ by a wide range of different determinants. UNICEF
(1990; 1998) differentiates three levels:

- basic determinants, which are the potential and economic structures,

- underlying determinants, chiefly the resources for food, care and health, and

- immediate determinants, the individual dietary intake and health status.

Anyhow, it is difficult to separate the effect of the different levels, because they

are interrelated. For example, the population density is, among others, a result of the
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economic structure, but also influences food and health as resource, and vice versa.
Therefore, in this thesis, the determinants are discussed independent of any level.
Nevertheless, one can differentiate two ‘types’ of determinants. Direct
determinants (having an immediate effect) are the main factors defining nutritional
status by definition: disease environment, parasite exposure, work load, and, most
essential quantity and quality of diet. Indirect determinants are environmental (natural,
cultural, socio-economic etc.) factors, which have mediate influence on nutritional

status, by affecting the direct determinants.

2.2.1. Direct Determinants

2.2.1.1. Disease Environment
The disease environment is decisive for the nutritional status due to different factors.
The interrelation of disease and diet consumption can be a vicious circle, and in
particular infection and malnutrition have a “synergistic and cyclical relationship”
(Rosenberg 2007, 348). On the one hand, diseases can cause a reduction in ingestion
due to inappetence, and some diseases can harm absorption and utilization of nutrients,
and both result in decreased nutrient intake quality. On the other hand, resistance
against infections is related to quality and quantity of nutrition’', and therefore
frequency of infections, but also severity, duration, as well as recovery (for example,
Lunn 1991; King and Ulijaszek 1995; Scrimshaw 2000; Stinson 2000). Furthermore,
some diseases are also the direct, immediate result of inadequate diet itself: for example
measles, diarrhea, and respiratory diseases were found to be heavily dependent on

quality and quantity of nutrition. Overall, “there is a bidirectional influence in which

2l Even if a disease is not directly affected by inadequate diet, debilitation of the body and thus
susceptibility to an infection (and due to deficient annealing because of inadequate diet vulnerability to

further diseases) can be promoted.
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malnutrition may predispose to infection or increase its severity, while infection itself
results in nutritional abnormalities.” (Scott and Duncan 2002, 279). Correspondingly,
for example, Checkley et al. (2003) found chronic diarrhea being closely related to
height deficits in Peruvian children. Nelson et al. (2001) suspect that nutritional
deficiency may even give rise to epidemics by contributing to the emergence of
additional viral strains.*?

Therefore, often conditions giving rise to malnutrition and infection are frequently
associated. This may result in a vicious circle, with malnutrition predisposing to
infection, and infection leading to malnutrition, with an exacerbation of both.

Several ancient writers mention disease and their detrimental impact on the
population. But this information is not quantifiable, of course. Hitherto in some cases
researchers do not even know exactly which epidemic is described in each case,
however, that they were of pandemic proportions.”® In palaco-pathological research

methods were developed to determine diseases in the skeletons (see for example

** Discussing the complex interaction of disease environment and inadequate nutritional status it should
be noted that recently Beard and Blaser (2002) presented the hypothesis that any change in mean height
(including the secular trend) was induced by a change in heliobacter pylori distribution, and the changing
degree of exposure to and transmission of gastroinal microbes. This explanation seems rather bold, since
various studies found direct correlation between overall nutritional status and mean height (see above).
However, one can proceed on the assumption that in the course of military and economic expansion of the
Roman Empire the previously existing overall relatively constant epidemiological disease pool became
altered “through progressive contact with significant disease pools in at least three other regions, namely
neighboring Mesopotamia..., the Indian subcontinent ... and China” by soldiers and traders (Retrief and
Cilliers 2000, 270). But by now it is not possible to control for this effect quantitatively. Later mass
migration could also have had a negative impact on disease environment by promoting the spread of
previously locally restricted communicable diseases.

2 For example, it is still not clear, whether the Antoninian plague was a smallpox pandemic, as the

disease is most often identified, or if it has been anthrax (Fears 2004).
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Roberts and Manchester 1995; Mitchell 2003). But by now bone remains were not
analyzed in comparable extent to be usable for this study.**

Thus, within the realms of this long-term study it is not possible to measure the
actual disease conditions. Generally, tuberculosis, typhus, leprosy, malaria and other
diseases were certainly always present (see Arcini 1999; Sallares 2002). And some of
the ‘large-scale’ epidemics are mentioned in the historic accounts. These are, for
example, the “great plague” under Marcus Aurelius Antoninus’ reign (the so-called
Antoninian plague), and also the Justinian plague. For these particular cases, various
written sources exist, and effects can also be seen in production breaks in coin minting,
and in manufacturing (Duncan-Jones 1996; Fears 2004; Haas 2006).

For the thesis a ‘plague-dummy’ was created in order to check the effect of
epidemic-periods on mean height (for details please see chapter 4.1. and 4.3.). In terms
of mean height of a population, the effect of epidemics could work in both directions: It
could have been harmful, or have had a positive impact, because more food became

available for the surviving people due to better land-labor-ratios.*

2.2.1.2. Exposure to Parasites

Interconnected to diet on the one hand, and disease environment on the other hand, is

the exposure to parasites. Infectious diseases caused by infestation rank among the most

1t should be mentioned in the present context, that a great substantia is ‘arising’ for future osteological
study on living conditions in pre-, and early historic populations by DNA analysis. However, up to now
data are not available in an usable amount for an overview. The method provides new possibilities,
because by now only those few diseases could be determined, which result in morphological changes in
the skeleton at all (tuberculosis, leprosy). For example, plague is one of these diseases, which are
impossible to be identified morphologically; the only possibility to identify definitely this disease is by
identifying the ancient Yersinia pestis DNA (Nuorala 2004). Same is the case for diphtheria. But these
data are not available at all by now.

% Because this could mean that in the beginning a negative impact is affective, whereas a positive effect

follows after the reduction in people, we controlled for by half centuries (see chapter 4.1.).
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common diseases in human beings (Frauendorf 2001; Oberhelman et al. 1998). Various
species exist that can transmit diseases (for example malaria®®: Sallares 2002, 141).”
But also parasites as such have a direct important negative effect, especially various
kinds of worms derogate nutritional status, harming health and (thus or even directly)
growth.?® “Poor hygiene and inadequate sanitation augment the favorable environmental
conditions to enhance proliferation of the organisms.” (Lunn 1999, 1515). Of special
danger is the ‘malnutrition-diarrhea-cycle’, especially for weaning toddlers (Scrimshaw
et al. 1968; Molla and Molla 1999), which can be amplified by exposure to parasites
(Motarjemi et al. 1993; WHO 1993; Marino 2007). Diarrheal diseases can be caused by
inadequate sanitation, water supply, and food preparation under unhygienic conditions.
Correspondingly to modern developmental countries (WHO 1993), in pre-modern
periods contaminated diet certainly were major causes of malnutrition, due to the bad
quality of drinking water and sanitation, missing refrigeration, et cetera. Moreover,
people’s assessment and lax attitude towards these aspects presumably did its bit.
Particularly in Roman times, a lack of awareness of even most basic hygiene amongst
people is known. Instead special caution should have been exercised because of the
wide-spread trade and military connections bringing new parasites (and diseases) in and

in particular due to the extreme increased population density.” Latrines (in the Roman

%% This disease also cannot be identified by any distinctive pathological changes, but research on DNA
brings first results.

* Although most common in warm and wet conditions, many species are distributed worldwide.

* For example round worms inhibit diet utilization, whipworms produce diarrhea, and the dangerous
types of tapeworm erode the host’s body (Mehlhorn and Pierkarski 2002).

* The disparity is emphasized by Jackson (1988); correspondingly see Scobie (1986); Thiiry (2001):
Sewage and latrines were often located near to wells, or even the kitchen. This resulted in a widespread
coverage of parasites (esp. round worms and wip-worms, flies, and also bacteria). Furthermore,
commonly used public latrines ‘contributed’ the rest in spilling over bowel diseases into vast parts of the
population (even though those were equipped with running water, they nevertheless consisted of a

collective ‘bench’ and they were provided with brushes to share: see excavation Housteads).
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case even public) — sometimes due to geologically given circumstances even with
‘contact’ to groundwater — and the custom to manure the field with human faeces
‘generate’ infection circles (Sczech 1993). According to Jackson, the frequent
mentioning of dysentery and diarrhea by ancient medical writers indicates that these
diseases “must have been endemic in most places” (Jackson 1988, 53).%°

The problem is to measure the effect of parasites on pre-industrial Europeans.
Vermin or worm infestation can be measured by the analysis of coprolite remains
(mineralized or desiccated excrements). But so far these kind of studies were conducted
only rarely (although started comparably early, see for example Aspock et al.1973;
Herrmann 1985), and therefore are not adequate for the long run study. So we cannot
create a direct variable on parasite exposure. However, it is to be supposed that
conditions were worse in urban environment (see for example Jackson 1988; Weeber
1990; Herrmann 1987), and thus this effect will be incorporated in the urban rate-
dummy, which we created as a proxy-variable in order to test for all urban effects (see

chapter 4.1. and 4.3.).

2.2.1.3. Work Load

People doing hard physical work have a higher metabolic rate compared to less
physically active individuals. If people are not supplied with adequate food quantity and
quality to equalize the physical stress this has a detrimental effect on the energy
balance. For children the consequence of excessive child labor could be retarded growth
(Baten 1999). It is to be supposed that average pre-modern girls began household chores

at early childhood. This was found for modern India at an age of five years (Gopaldas

3% One can assume that hygienic conditions did not ameliorate until the 17" century AD, when use of soap
and use of clean water became common features. This could be one of the basic factors inducing an
overall smaller mean height until the phasing in secular trend. Similarly, McKewon (1979) found the

introduction of hygienic and health care as important determinant.
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and Gujral 1995); in particular fetching water from a public well in distance from home
causes drain in energy. Similarly, children certainly were appointed in agricultural
work.

In adult skeletons the degree of physical work load can be assed for example by
bone abrasion. But in general these information ‘subsumes’ whole life conditions, and
are not directly transferable to childhood conditions. Only in very rare studies work-
related symptoms in children were analyzed (Capasso and Di Domenicantonio 1998).’!
The discerned lesions show that “children, even of the youngest age, [were] engaged in
heavy manual labor”.

Except for direct effect of work load on the body, the growth of a child could also
be influenced by an indirect effect of work load: Based on the fact that a breastfeeding
mother needs extra calories, for an adequate energy balance one would expect hard
working women to give less and subsequently poor milk. Therefore, the lactational
performance could depend on maternal work patterns. However, an example that this
effect is not so important is given by Prentice and Prentice (1995), who found the milk
output of Gambian mothers to be reduced ‘by only 10% during the annual hard field
work season’. But this result stands in contrast to tests with rats (Scott and Duncan
2002).>> Anyhow, the interruption of the usual demand feeding patterns result in higher
infection levels, and will also result in reduced nutritional intake of the infant (with
impact on growth and later life).

For the region and time of the study, no direct information on work load can be

given, because also adult data on physical stress are scarce. A plausible assumption is

3! But hopefully in the near future also on this topic more detailed information will be available, as for
example most recent research draws on the analysis of bone’s microstructure (mechanical loads caused by
activity patterns affect the compact bone cross section: see Doppler et al. 2006).

32 Moreover, in contrast to hard factory work, field work can bring the advantage to get additional protein

by consumption of maggots and worms (Kalka 1995).

21



that it was more or less equal over all periods, and in all regions. It is to be presumed
that the only difference will be between persons of different social status. However, this
assumption could be tested only to a very rough extent, because too few data on
certainly assessed individuals of high status were available for the bone material used

for the study (see chapter 4.1.).

2.2.1.4. Quality and Quantity of Diet

Of particular importance is the diet consumption itself, because if diet is adequate, it
‘makes up’ the factor in the nutritional status-‘balance sheet’ that counterbalances
possible negative effects. Insufficient diet — studies found particularly protein-
deficiencies to be important for mean height’® — is not only equal to any scarcity in
protein and energy.

One focus of the thesis is the effect of consumption provision with quality diet on
the development of mean height. The access to high quality food is of special
importance to ‘equalize’ the detrimental effect of stress: thus, for example the “access
to high quality animal foods ... is a strong predictor of early childhood growth and
nutritional status” (Leonard 2000, 303). In particular, cow milk intake stimulates linear
growth in childhood, and also youth (Hoppe et al. 2006; Wiley 2005).**

Additionally of importance to the “content-quality” of diet, is also that food

quality can be affected in terms of health, which is related to hygienic conditions. Here,

3 Studies found deficiencies in diet to be of three types: protein and energy deficiency; protein
deficiency alone in the presence of an adequate energy intake; lower quality protein in the presence of an
adequate quantity of both protein and energy. That implies the importance of protein quality if the
quantity is reduced. Besides the ‘protein’-question vitamin deficits cause deficiency diseases, which in
turn affect nutritional status, such as scurvy, resulting among others in heavy diarrhea, and fatigue
(Brickley and Ives 2006).

3 Moreover, Olsen et al. (2007) found that cow milk consumption in gravidae is directly associated with
large-for-gestational age birth length in their children, due to the content of growth-promoting factors in

the milk.
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the presumably most important factor is drinking water (Smith and Haddad 2000;
Maron 2007). The inadequate food preservation in ancient times certainly had a
significantly negative impact on the quality of diet. Different types of food poisoning
are recorded in ancient sources (Jackson 1988, 37 and 188, fn38.).” Additional to food
‘spoiledness’, for example, contamination of crops by secale cornutum resulting in
ergotism was frequent in medieval times. This affected people on the one hand directly,
by infecting them;*® on the other hand, people presumably were also affected indirectly
via the infection of the livestock, because ergotized barley (claviceps purpurea) causes
agalactica in cattle (Al-Tamini et al. 2003).

Contamination with pathogens, and resulting food-borne infections can even have
dangerous long-term effects on nutritional status: “the resistance of infants suffering
from nutritional deficiencies is suppressed, leaving them wide open to infectious
diseases, particularly those causing diarrhea, which further reduces their ability to fight
diseases. They then become progressively more malnourished” (Motarjemi et al. 1993,
80).

However, the most important factor is the availability of food, and “within” in
particular its protein quality. In order to estimate whether quantity and quality of diet
were sufficient, different determinants were utilized in this study, such as climate,
population density, urban rate, quality protein availability (cattle share), gender

dimorphism, and impact of Romanization.

3 The common use of strong species in ancient recipes (esp. meat and fish) indicates the whish to cover
up bad taste and odor.

36 Affected people suffer from vomiting and looseness.
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2.2.2. Indirect Determinants

All the direct determinants defining nutritional status of a population — and
consequently possible differences within a population — are somehow determined by
resources, production, redistribution, allocation, sharing, and final consumer behavior.
In turn, all these factors are determined by various further aspects (especially socio-
economic and cultural ones).

Mean quality and quantity of diet are influenced by natural basic conditions —
such as climate and soil quality —, which, for example, determine the type of agriculture
or husbandry in use, as well as the produced outcome. Additionally, a wide range of —
often mutually conditional — socio-cultural, economic, and political determinants,
including factors such as land per capita or distribution of welfare (esp. wealth) in a
population, have an impact on diet consumption supply conditions. In the case of
agriculture these determinants would have had an affect by stipulating the specialization
in use, affecting the rights (and thus freedom of choice in specialization) of the farmers,
the sizes of the fields, and infrastructure up to irrigation. Moreover, socio-cultural,
economic, and political determinants influence allocation of food both on the whole
society level as well as on the intra-household level (Thomas and Strauss 1992). Some
factors can have a detrimental or beneficial impact: for example, increasing trade can
improve the supply situation in a region, but also can reduce diet quality in formerly
isolated populations (Komlos 1989); and it bears the danger of new and epidemic
disease.

Furthermore, commonly, risk factors affecting the outcome in mean height
negatively occur concurrent (poverty, crowded living conditions, and malnutrition
increasing infection risk etc.), interacting cumulatively, and therefore resulting in

concomitantly increasing detrimental effects on the growth development potential
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(Rosenberg 2007; Walker et al. 2007b). Disease as well as parasite environment depend
on natural conditions, including different regional exposedness, and also on society
made factors like pollution, or temporal varying protection possibilities due to medical
inventions, or often class oriented differences in sanitary and hygienic conditions,
housing situation (air quality, heating possibilities).

In figure 2 we show the many-layered nature of the interrelation between the
innumerable natural-environmental, bio-cultural, and social-economical indirect
determinants influencing the direct determinants of nutritional status via several steps
such as overall supply situation up to the complexity of intra-household allocation.
Social inequality or gender inequality, conditional on cultural factors, will result in
unequal allocation between the concerned groups, and within the concerned groups
(household allocation) for all the main determinants of mean height. The effect may
vary in different populations. For example, Sen (1984; 1990) found that extreme under-
nutrition often occur despite aggregate food supply not being less adequate than normal.
In those cases, malnutrition is due to the missing access to food of a sub-group of
people. Correspondingly, — despite the presumable fact that food poverty is the most
evident reason for food deprivation — many people are malnourished in households,
which could afford to provide all their members adequately (DeRose et al. 1998).

Some of the further determinants can be assumed as not significantly differing
between the regions, or changing in the course of the study period, like schooling;
similarly exogenous changes in the health situation presumably did not take place.
Many of the determinants cannot be studied in detail in archaeological context.
Nevertheless, various factors at least subsumed in testable variables, like for example,
exposedness to parasites or endogenous diseases environment within urban rate-

dummy.
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FIGURE 2

SIMPLIFIED INTERRELATION OF SEVERAL ‘LAYERS’ OF DETERMINANTS OF NUTRITIONAL STATUS, with emphasis on the factor ‘diet’
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For the investigated long run overview it is not possible, of course, to check in
detail the impact of these factors, which presumably influence nutrition, because
information on most of the potential determinants is not available. Since this is the case,
we utilized variables on which different aspects are ‘combined’. Those potential
explaining variables have been checked, which can be tested because quantifiable
information is available. These variables, which are partly relevant for and related to
various further aspects somehow determining nutritional status, are discussed in detail

in the different papers in the result part of this thesis (chapter 4).

2.3. HISTORIC SETTING

Since the study covers a period of 2500 years, from B.C. 800 until 1800 A.D., a short
overview on the historic development in Europe will be given in the following, focusing
on the aspects about how events might have been of relevance for the nutritional

status.’’

For the three major European regions the development over time is roughly
congruent, although up to the medieval ages the civilization progress, for example with
iron use or written documents, started in the Mediterranean region and moved West and
North.

The time from 800 till about 300 B.C. belongs to the Iron Age, were subsistence
economy was practiced, the population density was low and the agricultural methods
were simple.*® During the later part of this period Hellenic colonies were founded in the

Western Mediterranean, but more essential, the Roman Republic was created.

37 For detailed overview see Menghin (1980), Ploetz (2003), Menghin and Planck (2005).
3 Baitinger (1999); Bérenger (2000).

27



The time of the Roman dominance in large parts of Europe up to about 400 A.D.
is marked by nearly permanent warlike operations (in- and outside the country) with
spread of diseases, on the one hand, and the spread of Roman law, breeding and
cultivation methods, on the other hand. The different wars, with a lot of men active in
fighting, probably had negative influence on nutrition. And the same holds for the
population in the colonies that increased strongly due to Roman occupation, however,
due to soldiers and administrational personnel, which are not involved in food
production. The extremely increased population resulted in the founding of many cities
and for the first time in European history, some parts of the population did not live in
subsistence economy, but had to be fed. Also the urbanization increased, with more
people living close together, which resulted in negative effects due to bad hygiene.
Positive effects on food security probably are the inclusion of Egypt, serving as
“granary”, stable conditions in the provinces due to Roman right (pax Romana)® and
improved trade connections.

During the reign of the emperor Augustus (in the decades around the Nativity)
Rome was lead away from the crisis. But already after a comparably short time of
approximately 80 years, the empire erupted into a major civil war again, already in the
“year of the four emperors” (69 A.D.). The overall stable conditions allowed further
expansions, again probably with consequences on the nutritional status.

The decisive disaster of the clades Lolliana (“Varrus-Schlacht) against Germanic
tribes in 9 A.D. restricted the Roman expansibility to regions in North-Eastern Europe.
But during the period until the end of the third century A.D. Rome shaped the

conditions in the largest part of Europe.** However, during this time repeated phases

39 Although discussion is going on whether or not, the whole population benefited from the upswing, or
more the upper class (Malitz 2000).
* Kiihlborn and Bérenger (1995).
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with vivid conditions were followed by muddled conditions under incompetent
emperors, which, for example, resulted in military revolts. Some stabilization might
have brought a law (212 A.D.) that gave Roman citizenship rights to all free men born
in the empire, but in the same time “soldier emperors” and “contra emperors” resulted
in frequent political changes, inducing violent riots. Hence it follows that from historic
facts a decision about positive or negative effects on nutrition cannot be given.

In the mid of the third century A.D. the first wave of the Migration Period started,
which jeopardized the Roman Empire. This Migration Period, which lasted about four
hundred years till about 700 A.D., brought important changes. On the one hand, battles
and moving should have had negative influence on nutritional status, but on the other
hand agriculture moved back to subsistence economy, the population density was
reduced and urban rate declined. Living conditions might have been stabilized in the
forth and fifth century, since different smaller empires were established, especially in
Southern Europe. In the eighth century A.D. the Iberian Peninsula is invaded by the
Arabs, with their expansion stopped by a period of battles again. But also this incident
may have had both positive and negative effects on nutrition, due to positive effects
from new cultural ideas and negative ones due to occupation. In any case, the time was
too short and the region too small, to really see effects on nutritional status in the
analyzed data.

In the Middle Ages the situation stabilizes on a low level. Feudalism replaced the
Roman administration, Central Europe split into small feudal states, destabilizing the
Holy Roman Empire. After some increase of the number of small urban settlements
subsequent to their remarkably decrease during the Migration Period, the number

decreased again now. During the subsequent time until 1000 A.D. growth of feudalism
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was accompanied by gradually rising land rents and production, as well as by
exploitation of military market power against peasants.

In a couple of decades around 1000 A.D. Normannic tribes attacked Northern and
Western Europe, and as far south as the Mediterranean. They conquered and even
settled; however they seem not to have dramatically changed the life in the affected
regions. The same holds for the plunderer campaigns of the Hungarians in central
Europe, which were only short-lived. Nevertheless, they could have brought new
diseases.

In the 11" century trade increased again, beginning on the Apennines Peninsula,
leading to economic and cultural growth, but it is not clear what the consequences are
for the lower class people. The same question holds for the Crusades, which resulted in
additional far distance trade, from which especially the Italian cities benefited. At the
same time conflicts started between secular and clerical authorities (Investiturstreit) and
competition between monarchy, aristocracy and the church resulted in the establishment
of nation states like England, France and Spain. During the High Middle Ages the
population increased and from the 13 century onwards the towns flourished again, and
around the town’s agriculture and husbandry supply belts were developed. Due to an
ascending “bourgeoisie”, art, science and economy improved and advances in the
jurisdiction (“Magna Carta” in England and “Sachsenspiegel” in the German Empire)
might have brought some consolidation in living conditions.

But from about 1300 onwards Europe undergoes a severe crisis: The Hundred
Years War and in the middle of the century the “Black Death” killed approximately one
third of European’s population. With respect to nutritional status again two aspects may

have converse influence: destruction of economy, and reduced population.
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In the course of the 14" century the Hanse League became important, increasing
trade and supporting the growth of Eastern European States; invention of printing
accelerated the dispersion of knowledge;*' the discovery of America induced new
expansion possibilities; and the “Reichsreform” induced the end of traditional feudalism
in the German Empire. All these aspects can be assumed to have a positive effect on
welfare for European population. However, during this period falls the Protestant
Reformation in Western Europe, resulting in various wars animated by religion but also
by the ambitious monarchs successfully aiming at the purpose to become more
powerful. Within, and between the states, religious orientation was abused in making
war.

In the following century again positive and negative aspects may balance and it is
difficult to formulate an expected welfare-level of the population in general. Positive
could be the cooperation of the states on the Italian and the Iberian Peninsula, the end of
the War of the Roses in England, and the treasures of the Inca Empire, which were
brought to Spain by the South American conquerors. Negative could be the wars which
took place again and again and affected basic security.

The various wars did not impede European states from conquering vast parts of
the world. The 17" century was marked by the Thirty Years War, in which large parts
of Central and Northern Europe were involved, and during which large areas were
destroyed and depopulated. Moreover, further wars took place in this century, like a
further war between England and the Netherlands, and the separation of Portugal from
Spain

The 18" century is characterized by further increase of tax burdens of the working

class and increasing land rents for large land-owners, especially in France where it

“! Baten and van Zanden 2007.
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ended in the French Revolution. The following French Wars presumably resulted in
detrimental conditions for the population. But during the 18" and 19" century

industrialization began, which in the long run enhanced living conditions remarkably.

This short overview shows that it is nearly impossible to describe overall welfare
development and nutrition status for the common population from historic data and
events. Positive and negative aspects can occur in parallel. Therefore, it is necessary to
use other information sources to get information on the (overall) effect of the various

historic contexts and the actual nutrition status in the past.
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3. MATERIAL AND METHODS

To study the nutritional status of populations of early-historic periods, an
interdisciplinary approach was necessary: All data — both, the height data, as well as
data on potential explaining variables — stem from ‘somehow’ archaeological
research. The reconstruction of the height data, which are based on human bones from
excavated cemeteries, needed the employment of physical-anthropological methods.

For the final analyses several econometric methods were applied.

3.1. SOURCES

In contrast to studies on modern times the main source for the pre-modern study period
is physical-anthropological data, because no adequate written sources are available.*
Furthermore, no quantitative information on aspects like literacy level or infant
mortality*® is available for pre-modern times, which could be used to investigate overall
welfare. For the long run study period it is not possible to measure welfare by the
‘conventional’ way, using economic data, like GDP (only exception are the rough GDP-
estimates by Maddison 2001) or real wages. Moreover, no reliable data on aspects like

fertility rate or infant mortality exist.

** Those few ancient sources, which give at least any numbers on production or consumption of food,
provide not really usable information, because they are small-regional specific (like marks on ostraca).
Moreover, written sources are problematic since texts by ancient authors or on inscriptions exist only
sporadically, and in general cannot be taken as objective due to the antique writers’ usually intentional
formulations.

# Data is not representative because of the bad preservation conditions of neonatal and infant bones

(Kolbl 2004).
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However, in the archaeological data some non-anthropometric sources are

available, which are helpful to employ.

3.1.1. Non-anthropometric sources

Using archaeological non-anthropometric data it is possible to gain some information on
aspects concerning especially diet consumption**: These are in particular archaeo-
botanic and -zoological data.

The archaeo-botanic remains stem from pollen layers in lake sediments, and also
from food remains located in settlements. However, they have been studied only to a
limited extent, with a concentration on single local areas (Teuteberg 1992; Kiister 1994;
Schwarz 1995; Willerding 1996). This does not allow the reconstruction of interregional
and inter-temporal differences and changes in consumption as desired for this long run
study. At least this information can utilized in order to capture agricultural changes in
the course of (pre)history.*’

But what can be used to study regional and temporal differences in food
consumption, and thus living conditions are archaeozoological data. They stem from
food stocks and alimentation garbage, and are present to a reasonable quantifiable
extent. These comprehensive data were used intensively in the course of this study (see

chapter 4).

* Approximations concerning single individuals are studied: for example, the preserved stomach content
of bodies found in bog or ice is analyzed (for example Spindler 2000; Caselitz 1979). But this information
cannot be extrapolated to the whole population, of course.

# Of interest is that Roman strata show the highest percentage of grain pollen in comparison to both,
previous and following strata, which indicates maximum tilth farming during this period. And this

confirms other sources (see White 1995).
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As a consequence, to get information on the overall nutritional status in pre-, and
early times we need another source. These are the skeletal height data as will be shown

in the following.

3.1.2. Anthropometric Source: Human Bones

In populations of today various neurological and physical symptoms indicate nutritional
deficiency (see for example, table 1 in Meguid and Laviano 1999, 1376 ff.), but these
are naturally impossible to measure in archaeological data.

The main sources to indicate nutritional status of pre- and early historic people are
human bone remains. In the case of pre- and early historic times, recent palaeo-
pathological research give different measures being stress markers*®: for example,
harris lines*’ as indicator of non-specific stress, dental enamel hypoplasia® as further
indicator of growth disruption due to health and nutritional stress episodes during
growth, porotic hyperostosis® and cibra orbitalia®® as indicators of iron deficiency
anemia (owing to nutritional derivation), or DISH (diffuse idiopathic skeletal

hyperostosis)’' as indicator of obesity and diabetes, and latest methods as the

* For an overview see for example Cox and May (2000) or Waldron (2001). Additionally, stable nitrogen
isotope analysis allows the direct measure of past human diets (Miildner and Richards 2006). It even
allows determination of weaning age; but in this case also only very few data are available (Dittmann and
Grupe 2000; Grupe 2003). Also ancient literature, and archaeological findings — from depictions (for
example on grave stones) and micro rests in pots, to waste deposits, as well as coprolite, and disposed
animal and plant remains in latrines (for example Wiethold 2003) — give an idea how former human diet
was composited.

* Transverse lines of increased radio-opacity; only in non-adults.

* Linear enamel defects.

4 Overgrowth of the spongy marrow space of the skull.

%0 Accumulated occurrence of porosis in the eye orbits.

>! Fusion of (at least four) vertebrae.
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measurement of carbon and nitrogen isotope ratio in bone collagen, and even
polymerase chain reaction allows study of DNA.”> But on the one hand the
interpretation of such findings is still under research discussion (Alfonso et al. 2005).
And on the other hand, by now data based on the different techniques that would bring
exact additional information — like isotope analysis — were collected rarely, and for a
few sites only (Grupe 1986; Schutkowski et al. 1999; Czernak et al. 2006; Miildner and
Richards 2006). Thus they do not provide the possibility to prepare an extended
regional long run overview on European nutritional status, as it was conducted here.
Height data are available to a much better extent, because they can be derived
more easily from bones, and the generalized measuring of bones started much earlier in
research history. Moreover, other than the solely single periods ‘describing pathological
measurements, final height has the advantage that it is the output of the subsumed
(factors concerning) living conditions during the whole growth period, including
possible catch up growth. Final height as proxy has the advantage that it is a
“cumulative record of the nutritional and health history of a person or population”
(Bogin and Keep 1999, 333). Moreover, this novel source brings another advantage:
Other than data sources on early-modern, pre-industrial periods (which are dominantly
recruit records, and thus provide none or only limited measurements on females), the
height data from excavated skeletons are given in a representative amount for both,
males and females. This means information on the whole population, and moreover the
possibility to analyze gender effects, and gender-specific inequality (see chapter 4.4.).
For the present study height data were taken solely from adult human bones,

because in case of pre-adult body remains an exact age assessment and sex

52 For example, also dental abrasion status is used to analyze quality of nutrition; but this can be

problematic, because especially the degree of abrasion can be the result of factors like age also.
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determination — adequate for reasonable analysis — is impossible (see below). The
height data were acquired mainly from excavation reports on various cemeteries;
additionally, few data on harnishes measures were included in the data set (for detailed
description of the data set see chapter 4.1.). When compiling archaeological data, an
important aspect is that a skeleton need not to be completely preserved to be analyzable;
charred bones can also be determined in terms of sex, age, and height (see chapter
3.2.2.). Therefore, the height determination also is successful for periods in which
mostly the custom of cremation was practiced.™

The final data base of this study consists of 18502 individuals from 484 sites.
Therefore, the data set is the largest of its kind compiled for this study period and region
by now (see Table 3). Table 1 displays the basic descriptive statistics of the final data

set. For a more detailed description of the data set see chapter 4.1, and 4.3.

TABLE 1
DESCRIPTIVE STATISTICS OF MALE AND FEMALE HEIGHT
IN THE FINAL DATA SET
Original minimum height | maximum height | mean height | std. deviation
males 11965 150,66 185,00 169,36 4,62
females 6537 145,00 179,00 161,29 4,07

>3 This custom of cremation was common during the Laténe period and especially popular during the
Roman imperial period. Additionally, to the data from cremations, data from Roman imperial
inhumations were included in the data set, because it was found by recent research, that people in these
special-graves also belong to the “normal average population” in terms of nutritional quality (Witteyer

2000).
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3.2. METHODS

Two different methods are needed to carry out this study: First, the bone material has to
be analyzed osteologically, to make this source ‘“usable”. Secondly, statistical
methodology has to be applied on the compiled data to perform the promising

anthropometric approach.

3.2.1. Osteological Methods I: Sex and Age Assessment

Basic requirement to reconstruct height of an individual correctly is the knowledge of
sex and age at death, as naturally females and males differ sex-specifically in height,
and the individuals have to be fully grown. Moreover, within this study the age of the
individuals is also of interest in order to reconstruct the temporal development of
nutritional status: the analyzed individuals have to be assigned to a certain century,

which we did by using the dating of the graves and the determined age.

Usually sex determination and age determination are based on morphological
diagnosis (see for example Iscan 1989; Cox and May 2000; Feneis and Dauber 2000;
Waldron 2001).**

Correspondingly, the bone material has to be of rather good preservation quality
to make the determination reliable. As a consequence, in the case of mediocre
conditions this results in an uncertain diagnosis. However, we only considered ‘quite

definitely’ sex assessed data in this study.”

> Recently DNA-analysis was introduced for sex determination; but this is not commonly used by now.
> In the case of archaeological findings the ideal indicator is whether (or not) the epiphyses of the

claviculae are finished.
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3.2.1.1. Sex Determination

Sex is assessed by morphological and metrical criterions in the skull (Figure 3), and
especially various features in the pelvis (Figure 4), because in the latter sex differences
are most apparent due to its sex specific varying function (Acsadi and Nemeskéri 1970;
Cox 2001). In the pelvis, for example, features which allow a reliable sex determination
are among others: the regular female pelvis is lower in height, and wider in size than
the male one; the female pelvic brim is about traverse-oval in contrast to kind of cordate
in the male version; the greater sciatic notch (Incisura ischiadica major) generally is
broad in females, and narrow in males; the female pubic arch is approximately twice the

angle of the male one.”®

FIGURE 3
SCHEMATIC REPRESENTATION OF THE
FEMALE VERSA THE MALE CRANIAL FEATURES

(Herrmann et. al 1990)
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6 Whereby as an auxiliary for the investigator one can employ the fact that the male arcus pubis has an
angular measure similar to the angle between spread forefinger and middle finger — friendly information

from M. Schweissing, Anthrop. Staatssammlung Munich.
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FIGURE 4
SCHEMATIC REPRESENTATION OF THE
FEMALE VERSA THE MALE PELVIS FEATURES

(Herrmann et. al 1990)
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Commonly the ‘combined method’ by Acsadi and Nemeskéri (1970) is used, in
which different criteria are combined for sex assessment (see also Sgjvold 1988;
Herrmann et al. 1990 for an overview). The more indicators are combined, naturally the
more assessment accuracy increases. Each feature is classified in the literature as well as
in our data set as (A) definitely, (B) rather/quite definitely, (3) by tendency male/female,
or (4) indifferent (non-determinable), and these classifications are ‘subsumed’ for the
final assessment.”’

For the conducted data set only those individuals were included, which were at
least regarded as ‘quite definitely’ sexed in the final assessment; additionally
‘tendentially’ sexed individuals were included if for these cases also information on

gender specific grave goods were given, which fitted together with the physical

>7 For example, in the male case — from excellent to impossible sex determination degree — in tables often

marked as: m, m?, m??, ??.
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anthropological sex determination. An ‘uncertain sex’-dummy was coded to mark these
not definitely sexed individuals (1 stands for not definitely sexed; 0 stands for definitely
sexed). To record each individual’s sex a male and a female dummy were created.™
These dummies will allow measurement quality-weighted regressions (assigning lower

weight to imprecise measurements), and robustness checks by removing those cases.

3.2.1.2. Age Determination

Individuals are classified in age groups (see for example Grupe et al. 2005):

age 0-6 years: infans I early childhood
(with subdivision in ca. years 0-1 neonatus; years 1+ infans)
age 7-12 years: infans II: 1ate childhood
age 13-20 years: Jjuvenis: youth
age 21-40 years: adultus: adult
age 41-60 years: maturus: maturity
age 61+ years: senilis: senility

In this study, only individuals of final height, means of adult or older age are of
interest.” It is possible to differentiate different ages at death in these age range by
means of age-related changes of the skeleton.

In order to categorize an individual’s age (for classification in the categories of
full-grown age) commonly the so-called ‘complex method’, as introduced by Acsadi
and Nemeskéri (1970), is employed for European data: it means a combination of

different age indicators, evaluating mainly four different structures according to their

¥ In cases where only one mean height value for a whole cemetery population was documented in the
compiled sources it was taken care that individuals of both sexes were not mixed in these values. We
disregarded cases were no definite information was given on the topic of sex.

% As the shrinkage of senile individuals happens mainly due to deteriorating (inter)vertebral discs, but
height reconstruction is based on simple long limb bone length, this age group can be included — We

thank Rick Steckel and Barry Bogin for friendly communication.
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age specific stage. The most reliable indicator/feature is the ossification status (or

obliteration degree) of the cranial sutures (see Figure 5).

FIGURE 5
SCHEMATIC REPRESENTATION OF THE SCULL SUTURES
WITH THE OBLITERATION DATES

numbers give age span in years
(Szilvéssy 1988)

Os frontale

This indicator is usually combined with the assessment of the modification of
the pubic symphyseal surface (facies symphysialis), the changes in the proximal
humerus epiphysis, and the proximal femur epiphysis.®” For each feature the specific
stage is assessed, which indicates an age, and finally these stages provided by the

features are used to calculate the age at death by taking the mean value. This way it is

% One has to keep in mind that these morphological age determination strategies (including indicators
like tooth abrasion) in general depicts the biological age, because adverse environmental conditions, and
nutritional status (inadequate diet, diseases, and physical work) can make a body ‘dilapidated’. Only
recently — and therefore not in use for most of the data available for the current study — histological
ageing techniques were developed, which allow the determination of the actual calendar age by counting
the yearly increase in the dental cementum (incremental lines in the microstructure): Kagerer and Grupe

(2001).
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possible to reconstruct age; but this is still rather rough. Overall, in comparison to sex
assessment of adults, the age determination is not so precise. However, for this study,
which concentrates on centuries of birth, it is only necessary to be sure that an
individual reached final height before death. This can be done by considering the
complementation of the epiphysis of the claviculae (collarbones). This assessment
possibility is of special interest, because due to under-nutrition, individuals can grow
longer than the officially appointed starting point of adultness at age 18 (see Komlos
1985; see for example Moradi and Guntupalli forthcoming). For those individuals for
whom an exact age quote was reconstructable, correspondingly, those individuals
specified as having no completed claviculae at the time of death were not taken into
account in the data set in order not to record a possible bias. Therefore, in the case of a
categorization of a skeleton in the “early adult”-group (age 21-30) a mean value of 25
years was used, and the individual was coded as ‘uncertain aged’, because of the
possibility that the specific individual was not yet completely grown at the time of
death.

In order to assign the individual to be born in a certain century we made additional
decisions if for an individual an age range was given (one age group, or a subgroup: for
example “adult” or “late adult”). Then we took the mean value of this range as age
quote: The individual’s age was coded as the respective mean value (for example in the
mentioned case 30 or 35 years). Those cases were attributed as “certain age” (coded as 0
in an ‘uncertain age’-dummy), in order to have a control possibility of a possible bias
when studying the collected data. If the given age specification was only ‘full grown’

the specific individual was coded with an age of 40 years (as the mean value from
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beginning adult to senile age), and assigned to the group of individuals of “uncertain

age” (coded as 1 in the ‘uncertain age’-dummy).*’

3.2.2. Osteological Methods II: Height Reconstruction and Conversion
of Measurements

In order to reconstruct height from skeletal material, various different methods exist.
Because in archaeological material in most cases only a few bones are preserved, the so
called “mathematical method” has been derived. This enables the reconstruction of

height, using linear regression between height and long bone length.®> Over 40 different

%' In the same way the age classification was handled, if only a mean height value for a group of
individuals of one sex was given in the literature; but in most of these case the age structure is given in
detail — then the mean age was calculated, but also assigned to the group of individuals of “uncertain
age”, because generally a much larger number of individuals can be age determined than their height
reconstructed.

52 Even single bone parts — and hence bone remains stemming from cremations — can be used, if the bone
head survived, because the diameter of the long bone ends is closely correlated to the long bone length
(May 1997; Rosing 1977; Herrmann et al. 1990; Gehring and Graw 2001: Shrinkage has to be
considered). Even though the standard error is naturally higher in reconstructed heights based on
cremations in comparison to reconstructed heights based on inhumations the R* for the used regression
models by Rosing amounts to approx. 0.7 (friendly communication F. Résing/Ulm). Only disadvantage of
cremations is that naturally little bone material survives for analysis (Dokladal 1970). Also for cremated
bones a range of methods exist to estimate height: more than 20 different models exist (for an overview
see for example Wahl 1982; HeuBlner 1987). The height estimation based on the bone heads (diameters),
especially of the caput femoris (and here f18 ‘vertical diameter of the femur head’: linear distance of the
highest to the lowest point of the caput femoris) is the most proven method (Herrmann et al. 1990, 274).
Thus, the formulas by Rdsing are in common use. The resulting values of this technique have additional
advantage that they can be directly compared with the heights reconstructed using the formulas by
Breitinger and Bach (see below). Only if the skeleton survived in situ (undisturbed, in original position)
in outstretched posture it is also possible to determine stature by direct measuring of the skeleton length.
Nevertheless, one has to take into account cadaverous stretching: a living person’s stature and its corpse
length differ by about 2 cm (Kurth 1954; Schott 1963; Herrmann et al. 1990; deMendonga 2000; Maat
2003).
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models were developed by different authors for each long bone, and are in use in current
research. Rosing (1988) gave an overview on the large amount of common methods.®
Thus, a direct use of the height data from different sources is impossible for a
long run overview. Therefore, a part of this PhD-thesis is the development of equations
that harmonize the heights reconstructed by the various initially utilized methods.®* The
processing of those algorithms for a recalculation and standardization is presented in the

following.

3.2.2.1. Basics for Algorithms to Transform Height Estimations

Basic idea of height determination of pre- and early historic people is the phenomenon
that the length of a long limb bone represents an approximately constant proportion of
height (Verhoff et al. 2006).%> Therefore, regression formulas have been developed,
which differ for females and males, of course. As the length of a bone can be measured

in different ways®® for unification of the existing regression equations, one has to ensure

% However, those are rarely in common use in osteology, instead mainly taken for modern populations in
forensic science.

%4 Naturally a comparison of the mere long bone lengths would be more accurate then to calculate heights
as no danger of additional estimation error occurs, but for a better common understanding interpreting
stature is more feasible. The economic interpretation focus on differences over time and between regions
anyway, less so on the interpretation of height levels.

% Even the length of each bone type of both body halves can vary. But this minor asymmetry can be
ignored for stature reconstruction (Byers 2002, based on Trotter and Gleser 1952; Rosing 1988). In case
that two separate measurements of a pair of bones was available for an individual we used the mean of the
two long bone lengths to reconstruct height.

% Various possibilities to measure a bone were defined by Martin and Saller (1957). Interpretating mean
height one has to have in mind, that the reconstructed values display merely an approximative character,
because reconstruction cannot be perfect due to different preservation conditions (for example kind of
soil, duration of deposit, kind of rediscovering). For all reconstruction models one has to remember that
the estimation error is relatively high for an individual. But this value is negligible for the transformation

as for a population solely the mean is of interest.
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that the various reconstruction methods in work are based on the same bone
measurement.®”’

Of all the bones in a skeleton, the femur (thigh) gives the best approximation to
reconstruct human height.®® To reconstruct height of inhumated individuals from bone
measurement, mostly femur measurement fl is in use that is largest length of the bone
(proximal extremity with the femur in a physiological position); some methods instead
utilize femur measurement f2 that is the ‘whole length’ of the long-bone (distal
extremity).

Fortunately the femur is the most frequently preserved bone; in many cases it is
even the only preserved long-bone (in addition to sculls, which allow sex and age
determination). Thus, in the following, the focus lies on models using femur length, and
here especially fl-measures, as this measure is mostly used in the formulae of the most

commonly used regression models.

6 Rdsing (1988) noticed that in many publications on height estimation it becomes not clear, which is the
underlying bone measurement. An additional element of uncertainty results in the fact that often only the
estimated height is given in the literature, but not the long bone length on which the estimate is based on
respectively, whether the estimate is based on one or more bone measurements. Therefore, for example,
Werdelin (1985) appeals for the publication of the single bone lengths on a regular basis.

% Already Beinhauer (1985) stated this. Still the hypotheses was popular that apart from the femur the
humerus results in a smaller measurement error than radius and tibia (for example Wurm 1986, 157); in
contrast to this recently researchers came to the conclusion that normally the long bones of the lower
extremities give the best approximation (Herrmann et al. 1990, 93 f.). See on the use of the tibia: Duyar
and Pelin (2003). Furthermore (even) in recent studies estimations based on small bones for example
from the foot were developed (see Byers et al. 1989; Holland 1995); but these are not in common use.
Waldron (1998), and similarly Gehring (2001) again came to the conclusion that the femur (and here

especially measurement f1, maximum length of the femur) is correlated best with stature.
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3.2.2.2. Recalculation and Standardization — Algorithms to Transform
Height Estimations

The most commonly used methods in general height reconstruction, and
correspondingly utilized for the observations compiled in the thesis data set (more than

90 %) to reconstruct height are the following, see Table 2.

TABLE 2
MOST COMMON RECONSTRUCTION MODELS FOR INHUMATIONS

in the compiled data set (final compilation)

Method N original
Breitinger and Bach 6588
Manouvrier 2924
Trotter/Gleser" 2749
Pearson (incl. Wolanski) 2656
Others® 1983

note: the remaining data that complete the compilation are in situ measurements,
individuals with given femur length, for cremations Rdsing etc.

Given in Table 2 are the numbers of data that were compiled for the current study,
separated for the different reconstruction methods: Breitinger (1932, for males)
together with Bach (1965, for females); Trotter and Gleser (1952, for whites), as well as
Pearson (1899) (respectively Wolanski 1953); and Manouvrier (1893). For these models
the transformation algorithms are presented here, which are used to get an uniform data
set.

We used Breitinger and Bach (B&B) as the ‘basic’ default model to determine the
algorithms to convert the data, due to several reasons: firstly, B&B represent the largest
part of the data set — and in order to minimize recalculation error, it is preferable to use

the calculation method that most initial investigators employed. Furthermore, B&B

%9 «Others” are merely Dupertius and Hadden (1951), Trotter (1970), and Sejvold (1990).
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gives the most accurate results (lowest mean of differences in stature) for the relevant
spectrum of centimeters’’: For the height range 164 — 178.9 c¢m for males Formicola
(1993) arrives at the lowest estimation error for Breitinger, whereas the Trotter/Gleser
and Pearson methods”' are less efficient. A third argument for B&B is that
Trotter/Gleser result in higher, and Pearson at lower height estimates, whereas B&B
estimates fall between them. Therefore, B&B estimates are normally close to a
“compromise” estimate “averaging” these three most commonly used methods.”
Moreover, the B&B estimations are the best to compare with estimations after Rosing
(for cremated bones)”®, which cannot be converted, because the reconstruction formulas
are based on different parts of bones.

The methods to derive the human height, which are used here, all are based on the
femur bone length. Based on this presupposition, the transformation algorithms that we
derived for unicfication of the measured heights, are based on the femur length f.”* We
recalculate the femur length from the height Hx, by inverting the height formula for
which it is known that it has been used by the author X, and use this value in the height
equation by Breitinger respectively Bach, which we decided to be the default method. In
the equation

HB:mx*HX

" Compare Formicola (1993). But note that, if the height of especially small individuals (males below
160 cm) is reconstructed Pearson might be more efficient.

! He does not include Manouvrier’s method due to the uncertainties mentioned above.

72 In our case about 90% of both, the female and the male observations fall into this range.

7 According to J. Wahl the stature estimates with the Breitinger/Bach method comes nearest to the
Rosing estimates. Because we want to compare Rosing values, it is best to use Breitinger and Bach
measures. — We thank J. Wahl, University of Tiibingen and Landesdenkmalamt (Bureau of ancient
heritage and monuments) Baden-Wiirttemberg for his kind personal communication.

™ Used as femur length is measurement f1 after Martin and Saller (1957).
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my is the transformation factor that converts the known height value Hx, reconstructed
using method X (for example, Hyg would be the height after Trotter/Gleser) to the
height value Hg, estimated using the method by Breitinger (for males) resp. Bach (for
females).

Breitinger, Bach, Pearson, and Trotter and Gleser use as femur length f the
values f1 (after Martin and Saller 1957). The height estimation method by Manouvrier
(1893), which is still in use for the study of most cemeteries from the French and Italic
region, instead is based on f2 values with the consequence that in the transformation to
heights after Breitinger and Bach firstly f2 has to be transformed into f1. To do this, we
calculated a conversion factor A f % = (flgiven- f2 given)/f2 given * (1/100) for each
sex, using sample individuals’ for which both, fl and f2 values, were given.’®

Since the algorithms are different for males and females, also the transformation

equations are separated.

(A) Transformation factors for males (transformation into height after Breitinger)
(1) Femur length f1 from height after Breitinger (1937)

Hp =1.645 £+ 94.31

f=Hp/1.645—-57.33
(2) Transformation factor for height after Pearson (1899)

Hp=1.88 f+80.0

f=Hp/1.88 —42.553

mp=0.875 + 24,308 / Hp

(3) Transformation factor for height after Trotter/Gleser (1952) for white man

7 The plotting is based on 170 female, and 204 male observations from the collected data.
76 For analyses it is reasonable to mark those height values which initially were reconstructed on the bases

of Manouvrier as uncertain for the data analysis.
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Hpg=2.58 £+ 52.5

f=Hrg /2.58 — 20.349

mrg=0.0.638 + 60.834 / Hrg
(4) Transformation factor for height after Manouvrier (1893)

f2 is recalculated from Hy; based on a nomogram, resulting in

f2=Hm/3.92 if Hy < 153.0 cm

f2=Hm/3.9 if 153.0cm <Hpy<163.05cm

f2=Hm/3.8 if 163.05cm <Hy<166.1 cm

f2=Hm/3.7 if 166.1 cm <Hpy<169.15cm

f2=Hm/3.6 if 169.15cm <Hy<177.6 cm

f2=Hm/3.5 if 1776 cm <Hy < 183.0 cm

f2=Hm/3.53 if 183.0cm <Hy
The femur length f1 that is needed for the Breitinger algorithm is recalculated from {2
using Af% and named fy; for Manourvier

tm=1fl=12* Af%
Since f2 is based on a nomogram and not on a regression, a simple equation for a
transformation factor Manouvrier can not be given and height after Breitinger is
calculated directly using fi

HB =1.645 fM+ 94.31

(B) Transformation factors for females (transformation into height after Bach)
(1) Femur length f1 from height after Bach (1965)

Hg=1.313 f+ 106.69

f=Hp/1.313 —81.257
(2) Transformation factor for height after Pearson (1899)

Hp=1.95f+71.66

50



f=Hp/1.95-36.72
mp=0.673 + 58.48 / Hp
(3) Transformation factor for height after Trotter/Gleser (1952) for white woman
Hig=2.47f+54.1
f=Hrg /2.47 —21.903
mrg=0.532+ 77.932 / Hrg
(4) Transformation factor for height after Manouvrier (1893)
f2 is recalculated from Hy; based on a nomogram, resulting in
f2=Hm/3.87 if Hym < 140.0 cm
f2=Hm/3.9 if 140.0cm < Hy <146.25cm
f2=Hm/3.8 if 146.25 cm <Hy <156.2 cm
f2=Hm/3.7 if 156.2cm <Hpy<160.35cm
f2=Hm/3.6 if 160.35cm <Hy<171.5cm
f2=Hm/3.58 if 171.5cm <Hy
The femur length fl1 that needed for the Bach algorithm is recalculated from {2 and
named fy; for Manouvrier
tm=11=12* Af%
As for man, asimple equation for a transformation factor in this case can not be given,

thus height after Bach is calculated directly using fu.

3.2.3. Statistical Methodology

The aim of this thesis is, on the one hand the development of the human mean height as
function of time and region; and on the other hand to study the reasons for the
development. In order to do so statistical anthropometric methodology was applied in

this study on pre-modern periods for the first time in econometric research. Using
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regressions potential influences and interrelations of various exogenous variables and
their significance are studied. This method allows taking account of possible multi-
dimensional impacts.

We performed multiple linear regression analysis to check for the impact of
several different independent variables. The regression model bears mean height of a
population MH,, as dependent variable, changes in it being explained by independent

variables EC; .

MH, = B, + > B, - EC + ¢

P i p
The extents to which the mean heights of different sub-groups vary indicate the degree
of varying independent environmental conditions. More details are provided in chapter
4. For the purpose to study the data by regression analysis we used SPSS 12.0 for
Windows, and STATA. The coding of the explaining variables is described in detail in

the different papers in the main part of this work (chapter 4).

3.3. POSSIBLE RESTRAINTS AND CAVEATS

Studying pre-modern, archaeological periods is naturally exposed to some restraints in
comparison to the studies on modern times. This, of course, also holds for the European
nutritional status in the real long run, analyzed here.”” Thus, for the present study

possible uncertainties could arise concerning both the dependent variable and the

77 Thinking of further aspects of biological standard of living, the impact of decrease in mean height on
mortality could not be studied within the frame work of the present study, because given age
determination is to vague for this kind of analysis. In single, specific studies with more exact age
determination the authors found indicated a relationship of taller height and higher age at death, being not
‘necessarily’ causal, but coincidentally caused by environmental circumstances (see Gunell et al. 2001;

Kemkes-Grottenthaler 2005).

52



explaining variables. In case of the dependent variable, mean height, uncertainties could
arise from measurement errors on bone lengths and height reconstruction. However,
these are unlikely because the collected bones’ length have been measured by trained
archaeologists. Furthermore, the varying burial customs might distort the data, because
height reconstruction based on cremated bones can be less accurate than height
reconstruction based on complete bones (due to the “double step’-regression). Thus,
these cases were marked as uncertain in a corresponding dummy, in order to control for
possible mis-distribution. Fortunately, the in-/exclusion of those observations did not
make an important difference in the results.

Another problem is that dating is difficult; accordingly, it is only possible to
allocate the data in birth centuries. Only some graves include small finds which can be
dated definitely in half a century. However, often a grave can even only be associated to
a range of centuries which circumscribe a period. Thus, only those cases were included
in the data set, which can be dated reasonably well — means, in not more than span of
two centuries. We controlled for it with a further dummy. Also in this case, the in-
/exclusion of these cases did not make an important difference in the results.

In the case of the explaining variables — due to the limited sources spectrum of
archaeological time — it is naturally only possible to study a small section of the
potential determinants. In addition it is often possible to study a determinant only to a
small extent, like the measuring of social status of an individual due to the often missing
small finds. Moreover, different influencing factors have to be combined in one
available determinant, such as urban rate standing for various aspects like parasite
exposure, food supply et cetera. It is unfeasible to control for the entire range of

possible determinants for which data are given on modern populations, like information
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on prices and price development’®, calorie consumption behavior, degree of education.
No adequate data is also available on longevity of the mean adult population or infant
mortality in a long run study. Moreover, it is of course impossible to study actual
determinants on household level; but it is possible on a macro level. Furthermore, the
reconstructions of potential determinants cannot be taken as completely certain, because
for archaeological times those numbers are approximations.

However, we can state that basic requirements for a scientific investigation are
fulfilled, due to the large amount of data collected for this study, and the algorithms
used to harmonize heights based on different reconstruction methods. Moreover, the
utilized height data can be seen as representative, as they were randomly collected; they
originate from a large range of cemeteries from all over Europe, and without
concentration on a social level (see chapter 4.1.). A possible distribution bias due to
different excavation centroid etc. is not relevant.

Obvious caveats of our data set, as it was possible to compile by now, are the
temporal and regional resolution, which reduce the possibilities for more detailed study

of the determinants of the nutritional status. The same holds for the missing detailed

78 For example, an important determinant as indicator for supply conditions would be prices of diet goods,
because these ‘incorporate’ information on the scarcity of goods. But by now no adequate data is
available, because historic sources on prices are either temporarily or regionally restricted. Rare
references are given on single aspects in ancient or medieval sources (for example, Szaivert and Wolters
2005). It is impossible to find information on a homogenous, everywhere consumed good that could have
been used as numéraire. Moreover, although rough ratings are possible (Allen 2007) numbers like the
ones from Diocletian’s price edict are problematic to analyze, because the numbers represent inflicted
restrictions; or are only valid for single small regions (for example the indications on ostraca).
Furthermore, the adequate consideration of the inflation in the course of the first millennium A.D. is
problematic. For the purpose to study the effect of price development (with considering the complexity
of inflation, comparability of ‘good basket’) only very recently a large venture has been started (‘Cologne
Tableau’), which one time will solve also this complex topic. It was started with a DFG-project on

‘Econometrics of the Central European Neolithic’.
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information on relative age at death development in order to countercheck the relative
height movement.

Despite these restraints it is of special interest to study archaeological periods.
The results may show a lower significance than perfectly exact data for modern periods,
but we have to face the fact that “In the country of the blind, the one-eyed man is king”.
The data enables us to get insights which have not been possible before “although
skeletal data are scant and scattered, their study can contribute powerfully to the
elucidation” of general former living conditions (Cohen and Bennett 1993, 288).
Moreover the data certainly are adequate enough to draw reasonable conclusions, to

check hypotheses, whose accuracy could not be controlled for before.
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4. RESULTS

The two main questions of this thesis — can the development of mean height be used as
indicator for nutritional status? And what were its economic determinants? — were
studied with varying foci. In several sub-chapters the results of the study are presented

belonging to different research priorities.

In chapter 4.1., the first anthropometric estimates on the nutritional status in
ancient Europe ever conducted are presented. The data are concentrated on the two
millennia A.D., showing no large scale progress in European nutritional status in the
course of the centuries A.D. Not even for the time between 1000 and 1800 a decisive
increase could be found, a period for which recent GDP per capita estimates diagnose
an increasing development (Maddison 2001). On a more detailed level, we find that
heights stagnated all over Europe during the Ancient Roman Period, while astonishingly
increasing in the fifth and sixth centuries. Remarkably is the synchronicity of height
development in the three major European regions. According to the regression analysis
of height determinants, population density turns out to have been economically negative
(but not statistically). This indicates some relevance of decreasing marginal product
theories for the centuries A.D. Moreover, climate was found to be of marginal positive
significance, social inequality and absolute gender inequality were found to be of

marginal negative significance.

In sub-chapter 4.2., we concentrated on the question, whether in the long run
nutritional status was decisively influenced due to changing emphasis in agricultural
production from cattle to swine, resulting in lower animal protein consumption. Basic
hypothesis was that protein-rich milk and beef were major determinants of the

nutritional status in early history just as in (early) modern times (Baten 1999; 2000;
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Moradi 2007), and considered the effects of cattle farming on health by using
anthropometric techniques.

Agricultural specialization was documented quantitatively for the first time in this
study by utilizing a sample of more than 2,000,000 animal bones; taphonomic factors of
possible impact on the zooarchaeological quantification were taken into consideration.
The share of cattle bones turned out to have been a very important determinant of
human stature (correlating with health and longevity), being ceteris paribus an indicator
of milk (and beef) supply. We rejected the hypothesis of earlier scholars who
interpretated height differences between North-Eastern Europeans and Mediterranean
Europeans as genetically caused, without taking the milk/beef indicator into
consideration. Secondly, land per capita (which comes with low population density)
had an impact via productivity per agricultural worker and the benign disease
environment of low population densities for the centuries A.D. The newly created
milk/beef indicator (the share of cattle bones), land per capita, and a set of other
variables (such as gender inequality, climate, regional dummies etc.) are able to explain
69% of the height differences for the period 0 to 1800 A.D., a relationship which also

holds when region fixed effects are considered.

In the last two sections of chapter 4 the study was based on an enlarged data set
with over 18500 individuals from the eight century B.C. until the 18" century A.D.

In 4.3., for the first time in anthropometric research also prehistoric data were
analyzed in a long run overview on Europeans. This allowed studying in particular the
question, whether Roman occupation had a decisive influence on nutritional status.
Until now a discussion was going on to what extent the Central-Western autochthonous
population was positively or negatively affected by the Roman expansion. It is known

that the Roman occupation North of the Alps was a well prepared enterprise (during the
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summer of B.C. 15), apparently with only little resistance. But uncertainties remain
whether there was a region wide settlement hiatus, or whether the autochthonous Celtic
population was decimated in particular during Roman occupation (by killing and
abduction), and after the occupation by recruitment of the indigenous men to prevent
rebellions, as Cassius Dio (54,22,5) wrote. Settlement continuity is only ascertained in a
few cases; recent research ‘speaks for’ a reduction in the population density during the
first century B.C. before the Roman occupation; for example pollen diagrams of the
time shortly before the Roman occupation, show for the region North of the Alps that
fields were uncultivated, and the woods expanded (Smettan 2005; interestingly after the
Roman occupation mainly these regions were cleared again). All the more the — due to
the settling of soldiers, traders and crafts men, as well as colonizing farmers — extremely
increased population numbers in the aftermath of the Roman occupation, in
combination with the before unknown people being no self-supplier, should have a
significant negative impact on the nutritional status — if not the supply organization was
adjusted.

Overall, the results of sub-chapter 4.1. are confirmed by the much larger data set
in 4.3.: There was no general trend in mean height, but variation between centuries,
indicating that there was no large-scale progress in European nutritional status prior to
industrialization in the long run of the approximately last three millennia. Additionally
to a ‘Roman bath&technology’-dummy representing Roman occupation, further
decisive determinants in influencing mean height are the degree of cattle share, and
urban share. Controlling for cattle share the former finding is confirmed that no
significant regional differences exist between the European major regions if husbandry
was present, and thus basic human needs were met comparably well. Testing the impact

of increasing urban rate the hypothesis of a negative impact for pre-modern times is
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confirmed (Steckel 2004a; Haines 2004). The set of endogenous variables in use can
explain up to 61% of the European mean height development. The fact that the land per
capita-determinant has no significant effect in the very long run could be explained by
Malthusian, as well as by Boserupian effects; however, it cannot be decided which is
the better explanation due to the low temporal resolution of the data set in this study.

In 4.4., the focal question are gender specific disparities — differences in the
survival rate as well as height differences due to cultural, gender constrained practices —
in pre-historic to early modern Europeans. Employing the anthropometric approach for
the first time an overview on the development of female discrimination in the long run
in pre-historic, ancient and early historic Europe was compiled, which allows to verify
the vague picture of the relative status of females one gets analyzing solely
archaeological and historic written data. Remarkably no significant change in gender
effects took place in the course of pre-historic to early modern periods. In the course of
time Mediterranean females lost in their relative good status, whereas overall North-
Eastern and Central-Western females could strengthen their status in the long run over
the eighth century B.C. until the 18" century A.D. Nevertheless, overall Mediterranean
women did comparably well; the gender effect there is statistically significantly lower in

comparison to the rest of Europe.
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4.1. The Biological Standard of Living in Europe during the Last Two
Millennia

4.1.1. Main Questions

How did the standard of living in Europe develop in the very long run? In this study, we
distinguish the biological standard of living (which includes important elements of the
human utility function such as health, longevity, and quality of nutrition) from
purchasing power-oriented standard of living components.” For our analysis, which
covers (mostly skeleton-based) height measurements from 9477 individuals, adult
stature was used as a proxy for the biological components stated above. Out of these
individual measurements, however, some were published in aggregated form by
previous investigators and excavators, with each aggregate figure comprising between
one and 360 individuals. Thus, the total number of height estimates available to us was
2974.

Our data were collected from 314 sites all over Europe. In this article, we find
important deviations between the biological and purchasing power-related components
of living standards over the past 2000 years. For instance, contrary to the widely
accepted view that purchasing power should have increased during the period of the
Roman Empire due to “Smithian Growth”,*" we find that mean stature stagnated.

Another remarkable finding is that heights did in fact increase during the fifth and sixth

centuries, after the breakdown of the empire in the West.

This chapter is based on an article published in the European Review of Economic
History: Koepke and Baten (2005a). The concept for the paper was developed jointly,
the analyses and writing was equally shared.

7 Komlos (1985) was the first to use this term.
% Growth which is mostly stimulated by trade and comparative advantage, as opposed to Schumpeterian

growth which is driven by technological change, see Mokyr (1992).
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A related study by Steckel (2004) found a substantial decline in Scandinavian heights
from the Middle Ages until today.®' In a similar vein, Cohen and Armelagos (1984),
Cohen (1989), and Armelagos (1990) have stressed the detrimental influence of
civilization on human health and nutritional status over the millennia (until the late 19"
century). Maat (2003) has recently confirmed this view for the Netherlands. However,
the number of observations covered by these studies is very limited, especially for the
periods up to the Middle Ages. Our study, in contrast, will take into account a
substantial number of sites and observations in order to trace the biological standard of
living in Europe over the last two millennia. Thus, the number of cases covered by our
study compares favorably with earlier research (Table 3).

After describing the sample characteristics and discussing the limitations of our
sample and methods, we will - in a first step - estimate a general height trend as well as
more disaggregated trends for three regions of Europe. This will be followed by a more
detailed analysis of the second estimation’s time series, regressing it on population
density, climate, social and gender inequality, and similar variables (the latter with
substantial measurement error, however). Finally, we compare our height trends with

purchasing power estimates.

81 Richard Steckel and his co-operators have started a research project (Steckel 2003) in which they will

investigate height and a number of diseases (as far as they can be traced with bone material).
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TABLE 3

STUDIES FOR COMPARISON: SKELETAL DATA

year of 1L:Inderlying
Author publication | Dating (approx cent.) | Region N cases | heights comment
Steckel/Rose 2002 B.C: 5500 - 0 A.D. America 33 1106
Steckel/Rose 2002 200 A.D. - 1800 A.D. |America 14 5188
Steckel 2004b B.C. 900 — 1900 A.D. |Scandinavia & GB 23 6531 incl 2 sites also included by Maat
Maat and | 2003 and 2004 |0 A.D. — 1800 A.D. Netherlands + Island 391 391 different  height  reconstruction
DeBeer models mixed (Maat)
Angel 1984 B.C. 3000 — 100 A.D. |E-Mediterranean 9747 |974
Angel 1984 100 A.D. — 1800 A.D. | E-Mediterranean 254 254
Jager/Zellner | 1998 B.C. 5000 — 2000A.D. | NE-Germany 45 2130
Haidle 1997 B.C. 5000 — 1900A.D. | S-Germany & N- 488 488

Switzerland

This paper 0 A.D.-1800 A.D. Europe 2974 9226 without harnesses (251 cases)

Notes: grey-shaded are studies which focus exclusively on the same period as our article (0 A.D. to 1800 A.D.), while other studies include earlier millennia.
DeBeer uses 41 cases in addition to Maat. We distinguish between number of cases including averages and individual data, and the underlying number of
height measurements. For example, Steckel (2004) considers 23 averages from the excavation literature, which averaged 6531 individual heights.

62



4.1.2. Data and Regional Characteristics

Our height data stem mostly from archaeological excavations and represent the largest

collection of observations on Central and Western Europe (see Table 4), covering

contemporary Germany, Benelux, Austria, Northern France, Switzerland, and the UK.

TABLE 4

AREAS COVERED BY THE DATA SET (NUMBER OF INDIVIDUALS)

Central-Western North-Eastern Mediterranean
Total

Century Europe Europe Europe

Bavar.lan/ N01:thern Sonfthern [Eastern Northern [Mediterranean

Austrian Rhine Rhine UK .

. . . [Europe Europe region

region region Region
1 21 21 14 2 36 72 95 261
2 56 6 210 711 14 11 1008
3 16 95 24 184 37 46 50 452
4 361 1 26 227 65 4 684
5 3 113 9 68 5 164 362
6 338 208 380 2 99 7 35 1069
7 146 35 456 2 218 5 7 869
8 225 20 179 424
9 78 5 36 164 135 251 12 681
10 49 24 1 133 207
11 1 14 4 229 823 1071
12 1 18 20 440 125 604
13 12 9 174 29 53 280
14 113 3 4 6 547 7 680
15 55 6 11 29 101
16 73 55 314 17 3 462
17 21 19 39 39 41 159
18 103 103

1343 777 1700 1483 1184 2448 542 9477

Sources: see Bibliography part 1

The number of cases included in our sample is sufficient to subdivide the Central-

Western region further into the regions along the Northern Rhine area (Benelux,

Northern France, and Western Germany), the regions around the Southern Rhine

(South-Western Germany, Switzerland, and Eastern France), Bavaria/Austria, and the

UK. The category of “Northern and Eastern Europe” refers to those regions which had
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only limited contact with the Roman Empire and its provincial economy: Scandinavia,
Poland, Northern and Eastern Germany, and Hungary, the latter being included here
because the large region east of the Danube was not fully integrated into the Roman
imperial economy. Northern and Eastern Europe constituted the least densely settled
region in our sample, and it probably featured the highest per capita milk and beef
consumption in Europe, since a high land ratio facilitates ceteris paribus a large number
of cows and therefore a nutrition which is based on high-quality proteins (on the role of
high-quality proteins (such as milk) for pre-industrial nutrition and health, see Baten
1999; Baten and Murray 2000; and many others).

These regional characteristics require further substantiation. Recent research on
archaeozoology sheds some additional light on our assumption that milk and beef
consumption was high in Northern and Eastern Europe. King (1999) and others have
analyzed the share of cattle bones, pig bones and other bones (sheep, goats) drawn from
excavations of ancient towns, villages, and other civil and military settlements. A high
share of cattle bones was typical of Northern and Eastern Europe during the Roman
period, whereas a high share of pig bones was typical of the most urbanized part of the
empire, especially the Mediterranean region with its large cities (incl. Rome and the bay
of Naples), until approximately the end of the fourth century A.D. The cattle bone share
can be taken as approximating the cattle share — King reports no evidence on systematic
bias from selective preservation or excavation. A high cattle share is plausible foremost
in locations with low population density, since due to ancient technology, a large
amount of land was already taken up by agriculture, while even more land was required
for grazing. Pigs, in contrast, could be kept in locations with less land-intensive modes
of production near large cities, and often be fed with side-products from other lines of

agricultural production; in the case of Rome, for instance, even imported fodder was
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used (in addition to semi-spoiled grain and other foods). Hence, the cattle share might
serve as a proxy for the consumption of beef and especially milk, which was of great
importance for the protein-supply of low-income groups in pre-industrial societies.
What is more, Peters (1998) points out that cow milk was not commonly used in the
Mediterranean during Roman times, while bovine milk served in fact as the staple food
of some populaces in Central Europe, like a number of tribes in Germania Magna. Von
den Driesch and Peters (2003) explain the missing depiction of udders on a Roman
stone relief showing a cattle herd by the fact that dairy-farming was of no importance
for Roman husbandry-farmers during the imperial period. In addition, they also mention
that Germans preferred cow milk. Ancient sources such as Tacitus and Plinius (Tac.
Germ. 23; Plin. nat. VIII 179) emphasized this as well. Hence, we conclude that milk
and beef consumption was considerably higher in North-Eastern Europe, and much
lower in the Mediterranean already in Roman antiquity. We therefore need to control for
those differences in the analysis. Even today, Scandinavians (and Dutch) rank highest in
per capita milk and dairy product consumption, with East Asians ranking lowest.
Western-Mediterranean dairy consumption was extremely low between the year 0 and
ca. 1950 (in parallel to heights), but increased strongly thereafter (Quiroga Valle 1998;
Bisel 1988). Milk consumption also increased after 1950 — thus, lactose intolerance was

probably not a decisive limiting factor in Europe (on Asia, see Crotty 2001).

82 Crotty (2001) emphasized the importance of lactose intolerance in his bold attempt to explain the
evolution of capitalism based on cattle-farming patterns. Crotty argued that lactose-intolerant people
could not make sufficient use of cattle. Lactose intolerance means that people have digestive problems
when drinking large quantities of milk after the age of 5-7, because at that age, genetically lactose-
intolerant people lose their ability to digest fresh milk without encountering diarrhoea and similar
problems. Especially East Asians (east of Tibet and Rajasthan), Native Americans and some African
people suffer from lactose intolerance. For Southern Europe, the results are mixed — one study included
Spain into the category with the highest degree of lactose tolerance (70 % and more) while the study put

Greece in a middle position (30 — 70 % lactose tolerance). In Italy and Turkey, however, less than 30 %
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The “Mediterranean” region of our sample includes Italy, Spain, Portugal and the
Balkans. Obviously, the small number of observations in Table 4 indicates that more
work is to be conducted on the Mediterranean region in the future. For the early Middle
Ages, the data available are quite abundant.*® After the 12 century, height data become
scarcer, as bones in cemeteries were more often lost or mixed with bones from later
epochs. From the 17" and 18" centuries onwards, archival (written) sources are
available which provide much larger sample sizes, while at the same time posing
additional selectivity and truncation problems (see Komlos 2003). Lastly, because the
period from the 18" to the 20™ century is relatively well studied, we focus mainly on
earlier centuries here.

Our sample consists of 2938 female and 6539 male height measurements which
are rather equally distributed among all major periods. ** Only for the 17™ and 18™
centuries, an insufficient number of cases for women is available (12 and O,
respectively). A large proportion of the total 9477 height measurements were
aggregated by the excavators and original investigators. Wherever possible, we
collected disaggregated figures. Thus, our final database is comprised of 2972 different
height measurements, after discarding extreme heights (<145 cm, > 200 cm). When the
dating was imprecise, we used the average of the earliest and latest date mentioned by

the principal investigators, as the real date could have been both before and after the

were classified as lactose tolerant (see Mace et al. 2003). Yet even lactose intolerant people can digest
modified milk such as Kefir, Lassi and similar products. Moreover, all people can drink about one cup of
milk per day if they train their intestinal bacteria to live in a milk environment. Even many South Koreans
today consume some milk, using this method of permanent training. We thank Barry Bogin,
Anthropology Department of the University of Michigan/ Dearborn, and S. Pak, Seoul National Univ., for
sharing information on this.

%3 Koepke (2002) extensively discussed the estimation of height from cremated bones for the period of
ancient Rome.

% The so-called primary deficit of females (smaller number of females in the case of patriarchally-

structured societies) is typical for prehistoric and ancient populations: see e.g. Mays (1995a).
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middle of a century. We experimented with estimation techniques granting smaller
weight to imprecisely-dated observations or discarding them completely, but the main
results remained robust.*” Because of these data limitations, our units of analysis are
restricted to entire centuries. We organized all heights by century of birth and discarded
such individuals who were still in the process of growing (< 23 years).*® Heaping and
truncation did not play a large role, as is illustrated by the rather normal distribution of
heights (Figures 6 and 7). We also performed Jarque-Bera and Kolmogorov-Smirnov
tests for normality (by century of birth), and found that the distributions of well-
documented centuries were all distributed normally, except for the eighth century.

Our intention was to collect as much height data as possible, with the consequence
of having to accommodate different types of height information. The majority of

measurements were based on excavated long bones (see next section), but some

% The same applies to age estimates.

% We also discarded old individuals (> 59 years) and included an “age 51-59 ”—variable in the beginning,
because one earlier commentator pointed towards a possible selection bias due to osteoporosis, as this
could have the effect that bones could be less likely to survive over the centuries (but this would be a
minor effect). We therefore used a dummy variable to control for any potential bias, but it turned out to be
insignificant and is therefore not reported in the table. In contrast to data based on living heights,
however, by using long bones we do not have to take into account the biologically determined shrinking
process experienced by older people, since bodies shrink due to the compression of the disks between the
vertebrae (as well as poor posture), while the femur does not change significantly with age. Some
compression of joints occurs in the lower half of the body as well, but the length of the femur does not
change enough to make a difference: Almost all of the age-related loss in height is derived from the
collapse of the intervertebral disks, and the collapse of the vertebral bodies in the case of some
individuals. Changes in femoral length terminate with the fusion of the epiphyses. The only way to
achieve changes in length thereafter would be through a remodelling of the articular surfaces, or by
bending the bone itself. Both of these changes would only be discernible under rare pathological
conditions, such as severe osteoarthritis, femoral fractures, and perhaps osteomalacia. We would like to

thank Barry Bogin, Rick Steckel and Phil Walker for their friendly communication in this regard.
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FIGURE 6
MALE HEIGHT DISTRIBUTION, ALL CENTURIES

Source: see Table 4
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FIGURE 7
FEMALE HEIGHT DISTRIBUTION, ALL CENTURIES

Source: see Table 4
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information was also derived from complete skeletons; with such measurements, we
relied on the original author’s judgment and adjustments (typically, for instance, 2 cm
are added to cadaveric length in order to adjust for disappeared non-bone parts of the
body, but none in the case of in situ measurements, as the post mortem stretch is
compensated by missing skin: see Maat 2003).

We also used heights that were estimated using “knight’s” armours from 16™ and
17" century Central and Eastern Europe. One might assume that the armours did not fit
those wearing them perfectly, but that they were in fact slightly larger in order to allow
for some mobility.*” Fortunately, our data set contains a sufficient number of
archaeological height measurements for those centuries, which can be compared to the
armour data (the latter covering 12 height numbers or 198 individuals for the 16"
century, and 4 height measurements or 105 individuals for the 17" century). The simple
average difference between armour height data and other height data was only about 0.3
cm for those periods, and thus insignificant. Once we controlled for social, regional, and
inter-temporal influences in a multiple regression, we even found the difference to be
only 0.17 cm (statistically insignificant, results not shown here). We therefore decided
that any adjustment for armours should be omitted, since that might introduce an

artificial measurement error.

%7 Note that most knight’s armours originated in fact from a time period when military technology had
moved away from the horse-based knight armies which had proven so unsuccessful in the Hundred Years
War. Our armours probably stem from males from all social strata, who were hired and received salaries

as soldiers.
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4.1.3. Determinants of Adult Stature and Estimation of Height Trends

Since our height data are not distributed perfectly equally over regions and over time,
we run in a first step a number of regression analyses with temporal (century), regional,
and other dummy variables. In a second step, we apply panel data analyses on the
aggregate level, in order to explain the development of heights in the various regions of
Europe.88

Quite clearly, studies based on archaeological data cannot take into account the
same number of cases as studies which rely on written sources (those being available
from the late 17" century onwards). Nevertheless, we are convinced that invaluable
lessons can be learned from a study which brings together a variety of archaeological
data and other information, albeit existing limitations. In order to avoid overrating the
implications of our data, we should thus also address potential caveats. Measurement
errors may occur for a number of reasons. Firstly, as is the case for archaeological
findings in general, the dating of skeletons is not always precise. Secondly, excavators
were not always able to determine the migrant status (ethnicity) or social stratification
attributes of buried individuals. Even gender might be misclassified in some cases —
although the latter measurement error should be randomly distributed, given the balance
of gender frequencies for the various periods and regions; besides, we accounted for it
by marking uncertain cases and performing regressions with and without these
observations, obtaining no difference at all in the results. To a certain extent, such
sources of measurement error can be controlled statistically, as will be shown below. In

addition, some of these measurement problems are less severe for the late Roman

% In order to test the robustness of our first-step results, we ran the regressions with aggregate and
disaggregated data (disaggregated by region and gender; gender-disaggregated regression not reported
here).
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Empire and the early to high medieval periods, for which our sample includes a
relatively large number of cases. For the late Middle Ages and the early modern period,
however, the small number of cases available to us renders the resulting estimates
substantially less reliable.

In what follows, we will discuss the variables used in our research, as well as their
potential effects on height. First of all, social status is an important variable in this
regard, since many studies on the 18™ to 20™ centuries have found height differences of
typically 2-4 cm between adults from lower classes and adults belonging to the middle
and upper classes (see e.g. Baten 2000).* In our data set, we relied mostly on the
original studies’ classification schemes. Thus, unless the skeletons found were of higher
social rank, excavation reports did often not consider their social status worth
mentioning.”® Therefore, we assigned dummy variables to the categories of middle and
upper class origin only, leaving a “lower or unknown” group for the constant, which in
turn implies that we should not over-interpret the coefficient of the social status
variable. This variable is not only of importance in itself, however, but is also relevant
in controlling for social composition and potential social selectivity when analyzing
height trends. Although the bulk of our measurements stems from burial sites where all
social strata are represented, we took great care of excluding the influence of potential
social selectivity on height trends to the maximum extent possible. In the aggregate
analysis, we find that overall middle and upper class heights exceeded the residual
group by 0.6 cm (col. 2 and 3 in Table 5), a result which was at best marginally

significant, however (p-value 0.11).

% The latter two are usually taken together, because the share of the upper class is very low, and even the
share of the middle class is not very high in most historical populations.
* In some cases, burial objects that would have indicated higher social status were certainly lost or

robbed. This means that middle and upper class status is probably somewhat underreported.
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Another challenge we faced was to obviate any potential bias due to varying
burial customs. In general, the excavation reports incorporated into our sample referred
to entire populations as opposed to just a few noble men’s graves. When surveying the
archaeological literature, we found no hints on burial customs which could have biased
our results significantly, as rich and poor graves seem not to have been exposed to
different preservation conditions on average. As another strategy we pursued to examine
this important aspect further was to compare different regions of Europe regarding their
burial customs, expecting their height trends to be only imperfectly correlated.
However, our investigations revealed similar trends for the different regions — except
for a plausible decline in North-Eastern European heights (Little Ice Age). We
concluded that time trends were not substantially influenced by local burial customs.
Moreover, we took a closer look at some individual sites which were both characterized
by a homogenous culture and burial tradition, and had been settled more than one
century, finding the previously observed trend confirmed in most cases.

Another factor which is to be controlled for is migration. While some
anthropologists are convinced that genetic height potentials play a substantial role in
determining the average height of a populace, others have serious doubts whether
genetic height potential can really explain any variation in average heights (Bogin 1988;

Mascie-Taylor and Bogin 1995).°! Anthropometric historians have found environmental

°' To be sure, this refers to aggregated height. Individual height is clearly influenced by genetic factors. It
is not fully clear whether some very isolated populations such as the Pygmies have a different height
potential. In addition, Japanese people are sometimes outliers in regressions (although their strongest
height increase after World War II correlates well with the introduction of dairy products). Maya children
who were brought to the U.S. and enjoyed good nutrition converged rapidly to North American growth
paths — but never fully (Bogin 1991). Earlier views that North-Eastern French are genetically taller than
other Europeans were recently rejected: once milk production and income are controlled for, the height
difference disappears. The finding that Dutch people were particularly short during the nutritional crisis

of the mid-19" century and that Indians (of Asian origin) and Central Asian nomads were particularly tall,
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circumstances during bodily growth to be the most crucial factor for determining the
variation in mean height. Two points are particularly important in this context, the first
one being that most migrants were exposed to different environmental conditions than
the autochthonous population during their first years of life. For instance, had they been
born in a Northern or Eastern European agricultural environment and migrated to the
Mediterranean region later on, we would expect them to be significantly taller than
Mediterranean ‘natives’. Secondly, if the immigration rate was high enough,
agricultural production techniques might have been transferred to the target region,
provided that they turned out to be efficient in the new environment. If those techniques
concentrated on cattle farming, there was a strong positive influence on height. We
know that the most important migration streams over the period under study moved
from the Mediterranean region into Central and Western Europe between the first and
third century A.D., while there was also significant Germanic (and other) migration
from Northern Europe to Eastern, Central and Southern Europe, as well as to the British
Isles between the fourth and sixth centuries.

As our results indicate, migrants from the Mediterranean region to Central Europe
(mainly Roman soldiers and officers, as well as administrative staff) were on average 4
cm shorter than the rest of the population (Table 5, col. 4). Note that the only
information available to us for the purpose of identifying this group were Roman burial
objects such as balsamaria (flacons) and/or lamps (both necessary instruments for
traditional Roman burial ceremonies), so that the respective cases in our sample are
mainly representative of a core group of migrants who placed particularly strong
emphasis on Roman customs. However, skeletons which could be identified as

“Germanic migrants” were not significantly different from Eastern Europeans. Also not

also contradicts the explanatory power of genetic factors for mean height (Steckel and Prince 2001).
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TABLE 5

FOUR REGRESSIONS: DETERMINANTS OF MALE AND FEMALE HEIGHTS IN THE

THREE PARTS OF EUROPE
1 2 3 4 5 6 7 8 9
Region All Central-Western Mediterranean North-Eastern
Europe Europe Europe
Constant 159.51 0.00| 159.78 0.00| 161.13 0.00| 160.13 0.00
Status mid/high 0.58 0.11 0.45 0.35 032 0.58
Migr. Mediterr. -3.87 0.01 -4.00 0.00
Migr. Germanic 0.75 0.35 1.63 0.24 -0.20 0.89
Male 8.20 0.00 7.97 0.00 7.72 0.00 8.62  0.00
Centuries:
1 1.00 0.02 1.42 0.03 -0.55 0.74 0.59  0.60
2
3 1.04 0.00 1.12 0.01 -1.20 0.39 1.51 0.19
4 0.17 0.63 0.20 0.60 0.46 0.85 -0.95 0.44
5 1.44 0.00 1.47 0.01 -0.38 0.83 1.76  0.20
6 2.80 0.00 2.92 0.00 1.30 0.47 2.88 0.06
7 1.99 0.00 2.24 0.00 0.31 0.88 -0.43 0.75
8 1.05 0.01 0.30 0.51 220  0.06
9 1.24 0.00 1.32 0.02 0.78 0.72 1.06  0.35
10 0.86 0.17 1.21 0.15 037 0.78
11 1.61 0.00 1.57 0.25 144  0.19
12 1.90 0.00 -0.94 0.59 -0.49 0.75 1.86  0.09
13 -0.14 0.78 0.84 0.36 -0.59 061
14 1.22 0.02 2.68 0.01 4.54 0.06 034 077
15 0.90 0.32 3.61 0.02 0.61 0.75 247 015
16 1.64 0.00 1.57 0.01 6.25 0.06 2.61 0.21
17 -0.51 0.39 0.99 0.23 -1.97 012
18 1.62 0.19 2.09 0.10
Rhine, South 0.71 0.01 0.48 0.10
Rhine, North 1.14 0.01 0.62 0.16
UK -0.90 0.08 1.09 0.00
Northern Eur. 2.21 0.00 1.65 0.00
Eastern Eur. 0.78 0.00
Mediterranean -0.01 0.99
Adj.R? 0.54 0.51 0.63 0.61
N (original) 9477 5303 542 3632

P-Values in columns 3, 5, 7, 9 in italics. The constants refer to a Bavarian/Austrian (col. 2-5), a
not further specified Mediterranean (col. 6/7), and an Eastern European one (col. 8/9). We also
included a dummy for those aged 51-59 in order to control for possible selection bias due to
osteoporosis (see above), but it was never significant. The weighted number of cases (adjusting
for aggregated observations using square roots) is for the three regions 1896, 86 and 990,

respectively.

As we are working with grouped data, special estimation problems could arise. See, however,
appendix 1, where we demonstrate that even the exclusion of observations with N > 1 does not

change the results substantially.
Source: see Table 4
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statistically significant, but economically relevant was their coefficient in the
“Mediterranean” regression: Germanic migrants who died in the Mediterranean region
were 1.63 cm taller than the autochthonous population.

As our intention was to provide a height trend estimation on the basis of all the

height data available to us, we pooled male and female heights together and controlled
for the gender difference by using a dummy variable, assuming that the secular height
trends of both genders were moving more or less in the same direction (this assumption
will be tested in further depth below). It is interesting to note that the largest difference
between genders was found for the least densely populated North-Eastern regions of
Europe, with the smallest difference prevailing in the Mediterranean region.”
Which regional differences can be observed when using the dummy variable? The
tallest heights were to be found in Northern Europe; Eastern Europe ranked lower in
comparison, on a similar level as the Northern Rhine region. Relatively short heights
dominated in the Bavarian/Austrian, Mediterranean and British regions, and in the latter
especially during the Celtic-Roman period.”> Why these regional differences occurred is
a question which will be addressed in more detail below. Finally, time dummies allow
the formulation of a secular height trend, after controlling for the regional, social, age-
and migratory composition of the sample.

Thus, which overall height trend evolves when considering the century dummies
of column 2 of the previous regression table (Table 5)? Over the period of the Roman
Empire, heights did not increase at all (Figure 8), a finding which stands in contrast to
the common view that living standards and especially purchasing power increased

during the Roman Empire, due to economic growth and the protection of the pax

%2 For a detailed discussion of gender dimorphism see chapter 4.4.

% The relatively high R-squares should be regarded with caution, as they stem mostly from the inclusion

of gender dummies.
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Romana. What is similarly remarkable is that heights increased further in the fifth and

sixth centuries, even after the breakdown of the empire in the West.

FIGURE 8
HEIGHT DEVELOPMENT, 1% TO 18" CENTURIES
(IN CM, MALE AND FEMALE)
Source: see Table 4. The level of heights was adjusted to average European male heights (using the
regional coefficients and weighting them with sample weights).
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As a result of population growth and adverse climate in the subsequent period,
however, adult stature declined again until the 10" century A.D. Thereafter, the
medieval warm period of the 11™ and 12" centuries was characterized by a favorable
height level. Heights collapsed again during the 13™ century, but rose between the 14™
and 16™ centuries, possibly due to better nutritional conditions. The 17" century was a
period of nutritional crisis. However, the estimates for the 16™ to 18" centuries are less
reliable, as their underlying number of cases is relatively small.

If we compare our skeletal measurements with other height estimates based on
military archival sources, we find that skeletal male heights in the 18" century moved in
the same range as, but were on average slightly higher than military heights: our values

of 168 — 170 cm (17"/18"™ ¢.) correspond with the 164 and 172 cm estimates of the
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% 17t century military heights were even lower. Thus, a

military samples, respectively.
height increase between the 17™ and 18" century is supported by our skeleton height
trend (see Komlos 1989, 2003).

How can we assess further whether this series reflects real height development?
One counter-checking strategy would be to look at disaggregated data by region and
gender. If the disaggregated series moved in a similar direction when expected to do so,
while deviating only where this appeared justifiable from a theoretical perspective, this
would consequently lend support to the validity of our overall height trend. When thus
tested, the development of heights in the Mediterranean, Central-Western European and

North-Eastern European regions turns out to be quite similar (Figure 9), as is the case

with the decline in the fourth century in Central-Western and North-Eastern Europe, the

FIGURE 9
HEIGHT DEVELOPMENT BY MAJOR REGIONS (IN CM)

Source: see Table 4
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* The congruence of bone evidence (168-170) and military evidence (164-172) is either good or poor,

depending on how the military evidence is interpreted.
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astonishing increase in the fifth and sixth centuries and the low marks in the 13™ and
17™ centuries. The reported increase in the 14%h century and the high value during the
15 century can also be observed in more than one region. Deviations occur for the
seventh and eighth centuries. While the North-Eastern height series remains at first at a
constant level above all others, it loses its leading role from the 13t century onwards. In
the 13th, 14" and 170 centuries, Scandinavians and Eastern Europeans became shorter
than the British, Dutch and other Central-Western Europeans.” It might have been the
case that Northern and Eastern populations suffered exceptionally during the Little Ice
Age (14™ — 18" ¢.), whereas they benefited from the climatic maximum of the 11™ and
12" centuries. In contrast, the maritime climate of the Netherlands, the British Isles and
Western Germany allowed for a more favorable nutrition during the Ice Age.

In a similar vein, male and female heights moved in an overall comparable
direction (Figure 10). Their common maximum during the sixth century may have been
caused predominantly by the female height series, but irrespective of that, both series
reached a maximum at this point in time and another high value during the 1 1™ and 12
centuries. During the high Middle Ages, females lost some ground in comparison to
males. While the increase of female heights during the 15 century is supported by only
18 observations, the positive situation of the 16" century relies on 118 cases. Women
might have benefited from a change in social roles during the Renaissance period,
whereas gender discrimination was particularly severe during the “Dark Ages” when
women's social position deteriorated, as archaeologists have demonstrated on the

grounds of other sources (see Ulrich-Bochsler 1996).

% Allen (2000) finds a positive real wage development in the early modern period for the British urban
case. The number of observations is (quite) comparable when combined into large regions (see Table 2:

13" (c.: 82 to 195 cases), 14™ (c.: 553 to 120 cases), 17™ (c.: 80 to 58 cases)).
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Are female heights in our sample characterized by a higher variance between birth
centuries than male heights? In the following, we consider the average height's
coefficient of variation by birth century (please note: this does not correspond to the CV
of individual height distribution). The overall coefficient of variation is 0.68 for females
and 0.49 for males.

Biologists would expect female bodies to be more robust under adverse conditions
(see e.g. Ortner 1998), hence variability should be lower. As our results indicate,
however, gender discrimination might have had a stronger impact on height than

biological factors. This finding correlates with the argument that the position of women

FIGURE 10
HEIGHT DEVELOPMENT BY GENDER, 1¥ TO 18" CENTURIES (IN CM)

Source: see Table 4
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deteriorates in relative terms when times are getting worse (Klasen 1996). We have to
admit, however, that the higher variability established here might at least in part be

influenced by the lower number of female observations.
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4.1.4. Potential Economic Determinants of Mean Height in the Long
Run

In the following, we perform an exploratory analysis of the potential influence of a

number of variables on stature by century and region.

4.1.4.1. Land per capita and Urbanization

Was Malthus right with his argument that land is the limiting factor of human
development? Did population growth tend to outpace food production as a result of
decreasing marginal product until culminating in a major demographic catastrophe? On
the eve of a mortality crisis, Malthus would expect a decline in the nutritional status of
the population under risk, a relationship which will be tested below. In the aftermath of
mortality crises, in contrast, nutritional quality might ameliorate as a result of the
enhanced availability of agricultural land. Thus, to give just one example, cows and
other forms of farm capital were not reduced to the same degree as the population
during the major plague epidemics of the 6™, 14™ and 17™ centuries.

Apart from the effect of land availability, increasing urbanization might have
separated urban dwellers from de facto untradeable goods such as milk. In addition,
infectious diseases could spread more easily in urban centers. In this study, we measure
population density as a weighted average of the country estimates by McEvedy and
Jones (1980), while amending and improving them wherever possible with later and
more detailed country studies (such as Wrigley and Schofield (1981); Dupaquier et
al.1988; for further details, see appendix 3). We estimate urbanization levels as
described in the appendix (based on Bairoch 1976; Federico and Malanima 2004; Allen

2003).%°

% We did not use the superior estimates of de Vries (1984), because they start after 1500 only.
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4.1.4.2. Climate

One of the most fascinating topics in long run economic history is the relationship
between climate and human living standards. For example, did climatic change cause
the demographic catastrophes of the 14™ and 17" centuries, as Galloway (1986) has
argued (see also Kelly n.y., among others)? Colder winters tended to make food
production (especially protein production) more difficult in Central Europe (on the 18"
century climate-height effect, see Baten 2002), with a consequential immense impact on
human history. Grove (2002) demonstrated how the switch from the medieval warm
period (lasting from 900 A.D. up until the early 13t century) to the Little Ice Age,
starting in the late 13 century, decreased harvests and protein-production from cattle
and sheep.”” Not only did temperatures decline, however, but since colder winters
tended to be correlated with a higher frequency of climatic extremes, consecutive
climatic problems created a deadly synergy effect. For instance, cattle epidemics spread
rapidly in Northern and Western Europe as early as the 13™ and early 14" centuries,
killing a large share of the cattle stock. As Grove has argued, the resulting agricultural
production decline took place before and simultaneously with the Black Death of the
mid-14" century.

Although plague is a highly infectious disease which is only mildly influenced by
malnutrition, lower nutritional status might have weakened the immune systems of the
European population, thus contributing strongly to the massive population loss of the
140 century. In addition, people often leave their households during famines and start
moving around in search of other possibilities of subsistence (Mokyr and O‘Grada

2002). The cattle- and fishery-based economies of the northernmost region of Europe

°7 Grain yields dropped between 1220 and 1320, see Grove (2002), figure 2.
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suffered most drastically. Thus, Iceland lost most of its population and the European
population of Greenland disappeared completely.

The 15™ and the first two thirds of the 16 century were warmer again, but the
next climatic catastrophe came about in the 17" century. Pfister (1988) described how
climatic changes reduced Swiss nutritional status in the last decades of the 16" and
during most of the 17" century. While the major share of the population-decline in the
17" century is traditionally ascribed to the Thirty Years War and the hunger and
infectious diseases following in its wake, rapid climatic deterioration could have
contributed further to the large number of (at least partially) nutrition-related deaths
during this devastating war. The interplay between protein malnutrition and disease-
related deaths can also help to explain why population figures stagnated or declined
even in countries which were not actively involved in the Thirty Years War. Lastly,
milder episodes of climatic deterioration during the late 18™ and mid-19" century
coincided with milder average demographic effects (Grove 2002).

Recent research has brought forth new estimates on climatic change over the
centuries by quantifying Alpine and Scandinavian glacier movements, Greenland ice
kernels, oak tree rings and lake sediments. All of those series appear to be correlated in
general. We mainly used glacier movements as explanatory variables, since the
available data go back to the ancient period on the one hand, and might serve as more
unequivocal evidence than, for instance, oxygen isotope ratios from Greenland on the
other hand (see Heide 1997; Grove 2002, 316). As is emphasized in the literature,
however, glacier movements reflect temperature changes with a certain time lag. We
therefore calculated the average of glacier movements in the previous and current
century. In addition, we corroborated our glacier series with a tree-ring series from

Northern Sweden which stretches back to the ancient period as well, and compared both
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with a shorter tree-ring series from the Alpine area - they moved in accordance (see

Huntley et al. 2002, 278).”®

Our comparison between the height and temperature series yielded some similarities

and many differences (Figure 11). The well-documented climatic optimum of the

FIGURE 11
HEIGHT AND TEMPERATURE DEVELOPMENT (1% TO 18" C),
BASED ON GLACIER MOVEMENTS AND TREE-RINGS

Source: see Table 4
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11%/12M centuries, as well as the lower values before and afterwards are indeed
discernible in the height series. Moreover, the low values of the seventh and eighth
centuries and the crisis of the 17" century could have been caused by adverse climatic
conditions. Important deviations, however, occur for the first to sixth and for the 13
centuries. Either only a weak relation exists, or a measurement error occurred,

especially for the early period whose temperature estimates are known to be particularly

% We experimented with local temperature series for the three regions of Northern/Eastern, Central-
Western and Southern Europe, but the differences between the series were extremely small, so that we

abandoned this avenue of temperature measurement.
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imprecise. In our opinion, the most likely interpretation is that after the breakdown of
the Roman Empire, several phenomena increased average height and nutritional status:

(1) as a result of invasions and plague epidemics, population density and
urbanization decreased and consumers moved back to the vicinity of nutrient
production. Besides, infectious diseases might have occurred less frequently — although
this factor is likely to be of secondary importance, as it would have been counter-acted
by the disappearance of the famous Roman Public Health institutions, and contradicted
by the second occurrence of the plague in the sixth century.”

(2) Germanic invaders introduced agricultural methods which emphasized protein
production. Even if those methods were not efficient in a Mediterranean context,
inhabitants might have adhered to them for a transitory period. In Central and Western
Europe, they proved to be efficient as long as population density was low.

Both of these developments might explain why no climate-height relationship can
be detected for the first six centuries. The low height-value of the 13 century is
particularly interesting. Was it caused by the rapid urbanization of this period (along
with more infectious diseases and less milk for rural-to-urban migrants)? Or was it
rather a result of higher social or gender inequality? Lastly, is the height variable biased
by a measurement error?

One could argue that cold climate was not harmful, but rather beneficial to
agriculture in the Mediterranean region, because colder climate might have brought
about more frequent rainfall. We accounted for this hypothesis by testing whether our
results would change if our small number of observations on the Mediterranean were
excluded, yet found the climate coefficient unchanged (the coefficient was 2.74,

compared with 2.97 when the Mediterranean was included).

% The so-called Antonine plague is regarded as the first one ever to occur.
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4.1.4.3. Income

Agricultural income was clearly the dominant source of subsistence over the major part
of the last two millennia. To a large extent, it was a function of land per capita, land/soil
quality and climate. Moreover, the level of income might have been augmented by
industrial and service-sector production particularly during Roman times, the High
Middle Ages, the 16" century and after the 18" century. We are unable to test this
effect, however, because income estimates are completely unreliable for the first
millennium, or based solely on urbanization rates and population growth (such as

estimates by Maddison 2001).

4.1.4.4. Social Inequality

Inequality was identified by previous research as an important determinant of average
height (Steckel 1995). If growing income inequality and purchasing power disparity are
not accompanied by changes in aggregate real GDP per capita, the rich might get richer
and the poor get poorer to the same extent. Yet as the rich will spend a smaller
proportion of their extra income on additional food, while poor people’s already low
nutrient level will decrease even further, average height will decline even if average
purchasing power does not.

Height data sets allow rough estimates of health inequality (see Baten 2000).
Wurm (1985) argued that inequality was particularly low in the early Middle Ages. In
fact, social inequality increased dramatically between the early and the high Middle

Ages (Figure 12), and again in the 15— 18" century. This overall trend towards
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FIGURE 12
DEVELOPMENT OF INEQUALITY

Source: see Table 4

Height difference (males, cm)
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inequality corresponds well with other studies on income inequality. O’Rourke and
Williamson (2002) have confirmed this for longer periods by using rent-wage-ratios,
assuming quite reasonably that land-owners were relatively rich while wage earners
were relatively poor (van Zanden 1995). We controlled for social inequality by
calculating the difference between individuals of middle/higher status and the

lower/unknown category, by major periods.

4.1.4.5. Public Health

How did Public Health develop over the last two millennia? Is our conception of the
Romans' impressive water-supply technology and especially of the Roman institution of
public bathing facilities correct, and did a large share of the population benefit from
these?'®™ To what extent did hygienic conditions deteriorate after the breakdown of the

Roman bath-system? Were Public Health investments perhaps endogenous, being made

1% In contrast to the generally positive view of Roman baths, Scobie (1986) argued that the bathes were

quite unhygienic (e.g. water was rarely changed; it was a meeting point of ill and healthy people).
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primarily in times when urbanized and poorly nourished populations suffered more than
usual from infectious diseases? Or did the Romans' contacts with distant populations
(such as Chinese, Indians, Parthians) lead to the spread of new infectious diseases? In
order to answer all these questions and to capture the potentially beneficial effects of the
Roman Public Health system, we coded a “Roman Bath” dummy variable as 1 for the
Mediterranean region over the first to fourth century A.D., and for Central-Western
Europe for the second to fourth century A.D.'®' This specification implies that apart
from the Roman hygienic system (which may well have been of great importance for
height and health levels), we might also use it to capture other aspects of Roman
technology and the imperial economic system. Therefore, we will name this variable

“Roman bath or other technology”.

4.1.4.6. Gender Inequality

In our estimation of height by (birth) century, we assumed that gender differentials were
constant over time. In the following, we will relax this assumption and control explicitly
for higher or lower gender inequality. Our expectation is that higher gender inequality
ceteris paribus reduces average height, because Osmani and Sen (2003) have
convincingly argued that female discrimination affects both girls' and boys' height via
their mothers' nutritional status (see also Klasen 2002). We measure the development of
gender differentials over time using the dimorphism estimates graphed in Figure 10.
However, here we calculate the percentage of height difference relative to the average

male height, in order to adjust for possible level effects (Koepke 2002).

%" McKeown (1955) has argued that medical technology did not play an important role in societies prior

to the 20" century.
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4.1.5. Results: The Biological Standard of Living in Europe during the
Last Two Millennia

A large number of regression models were used in this study: fixed effects and random
effects, weighted and unweighted least square, as well as generalized least square with
adjustment for autocorrelation and heteroscedasticity (not shown in tables). The
following results are robust across these various specifications. Unit root tests or
cointegration might not have enough power based on 18 observations over time, but
when nonetheless performing the ADF test, the height series for North-Eastern and
Central-Western Europe turn out to be stationary.'®® Panel estimation techniques exploit
the variation both over time and between cross-sectional units. We present two WLS
estimates with regional dummies (equivalent to fixed effects), one of them with period
dummies (for antiquity etc.) and the other without controls for unobserved inter-
temporal heterogeneity (Table 6 and 7). The results are also robust when time trends are
included (insignificant).

Given that we have considerable measurement error in our rough proxies for
social and gender inequality, population density and urbanization, it is not astonishing
that many coefficients are statistically insignificant. In addition, technological
development cannot be appropriately captured over these two millennia, which means
that a certain population density in 1800 might have resulted in a different average
height than the same population density in 800 A.D. (simple time trends were
insignificant, however). Following McCloskey and Ziliak (1996), we will not only
focus on statistical, but also on economic significance, comparing the high and low

height values predicted by our estimates with results from the 18™ and 19" centuries, for

12 ADF North-East: even nesting the trend (which is insignificant) -5.12 (critical value 10%: -3.24);
ADF Central-West: -3.43 (critical value 10%: -3.24) without nested trend, a unit root is rejected at the

5%-level and at the 10%-levels; Mediterranean: insufficient number of cases.
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which height differences between 1 and 3 cm are often interpreted as economically

significant phenomena (Komlos and Baten 1998, estimated that 1 c¢cm in additional

height corresponds to about 1.2 years of life expectancy).

TABLE 6

DESCRIPTIVE STATISTICS

1 2 3 4 5 6
N Minimum Maximum Mean Std. Deviation
Climate warm 36 9.20 9.40 9.32 0.06
Gender inequality 36 4.14 6.11 5.37 0.5
Urban share 36 1.00 19.30 4.68 4.64
Social inequality 36 0.37 5.02 1.6 1.66
Population density 36 3.75 40.19 11.38 8.33
Valid N (list-wise) 36
TABLE 7
TWO REGRESSIONS: DETERMINANTS OF HEIGHT
1 2 5
Constant 144.24 0.00 164.37 0.00
Climate warm 2.97 0.52 0.82 0.84
Gender inequality -0.31 0.50 -0.29 0.46
Urban share 0.16 0.23 0.2 0.14
Population density -0.06 0.37 -0.08 0.20
Roman Bath/ Roman -2.05 0.01
Technology
Social inequality -0.17 0.58
Mediterranean Europe -1.66 0.05 -1.67 0.04
North-Eastern Europe 1.17 0.03 0.89 0.07
Antiquity -1.68 0.01
Late Medieval Period -0.48 0.52
Modern (15" to 18" ¢.) -0.76 0.59
Adj.R? 0.33 0.38
N 36 36

P-Values in columns 3, 5 in italics.
Weighted Least Squares Regression: number of cases adjusted for aggregated observations
using square roots. Constant refers to a hypothetical height value for the Early Middle Ages, and

Central-Western Europe.1

Source: see Table 4 and text.
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Both the regional dummy variables and the period dummy representing antiquity
are significant. In the regression without time dummies, the “Roman bath”-dummy
becomes significant as well. However, Roman bath technology and especially other
technology (e.g. in agricultural terms) were not able to improve height and health
quality sufficiently enough to outweigh the negative effects of the Roman economic
system, which explains why the coefficient of this variable is negative. We coded it as
zero for North-Eastern Europe and Central-Western Europe in the first century, and this
variable remains significant if we control the antiquity effect of low heights with
another dummy variable (not shown).

What was so different during Roman times, causing people under Roman reign to
be shorter than others? One factor in this regard could have been income inequality.
Jongman (2000) has argued that Roman wealth and income were distributed extremely
unequally. A very small upper-class had an enormously large share of total income at
their disposal. This upper class was too small to be captured by our estimate of height
inequality, since this measure is only sensitive when the high-welfare group represents a
substantial proportion of the population. Inequality of heights is typically lower if rural
areas are dominated by subsistence farming, including milk production. If subsistence
farming is typical, even the poor can consume some perishable products such as milk
and giblets, whereas the higher market integration during the Roman period might have
reduced non-market entitlements to such products. In extreme cases, the poor became
vegetarians. In addition, being a provincial subject in a large empire governed by a
foreign elite speaking a foreign language typically leads to perceived or actual income
losses, and a smaller supply of public goods such as Public Health (like quarantine
measures against infected subjects etc.). Finally, due to contact with Persia, Asia etc.,

new infectious diseases could have been brought to Europe, which were priorly
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unknown (although this should apply even more to the period of the Crusades and the
contact-period of the 16" century).

All other variables are statistically insignificant, but there is some indication of the
expected outcome that warmer weather is favorable for harvests and protein production
in the relevant range, which in turn increase height. The difference between the two
standard deviations of our climatic series is 0.12, with the difference between minimum
and maximum being 0.20 - values which can be interpreted as “good” and “bad”
climate. The coefficient of the more appropriately specified model in Table 7, column 2
is 2.97. The difference between “good” and “bad” climate amounted therefore to about
0.4 cm in height, with the difference between the extremes amounting to approximately
0.6 cm. Both values are at the margin of being economically significant (if period
dummies are included). The tall stature of North-Eastern Europeans in the warm
11%/12% century and the subsequent dramatic decline in height lends further support to
the importance of this variable.

Population density comes closest to statistical significance; in unweighted
regressions, the p-value is even as low as 0.15 (not shown in table). This suggests that a
lower population density is advantageous for exactly that biological component of the
standard of living which was reflected in stature during pre-industrial times, after
controlling for large-regional effects and inequality. The analysis of the population
density’s economic significance yields a height-effect of about 1.0 cm for the difference
between typical “high” and “low” population densities of the time, and 2.2 cm between
the most extreme observed values. In the other specification without time dummies, the
economic significance of population density would even be enhanced by one third.

Interestingly, the sign of the urbanization coefficient is positive once population density
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is controlled for.'” Without time dummies, it is even almost significant. The potentially
large measurement errors prevent us from hypothesizing too much at this stage, but one
could speculate that once the detrimental influence of high population density (which,
because of the decreasing marginal product, implies: less protein per capita) is
removed, the human capital-deepening effects of urban agglomerations on the entire
country outweigh other negative effects (such as crowded cities and hygienic problems).

Both gender inequality and social inequality had negative signs.'® Given that
these results are similar to those of many other studies on the 18" to 20" centuries, we
tend to attribute fairly large credibility to them. In terms of economic significance,
social inequality corresponded to a height-difference of 0.63 cm between high and low,
and 0.74 cm between extreme values, whereas the effect of gender inequality was about
half as strong. In sum, population density is definitely economically significant, albeit
not of statistical significance. Climate, social inequality and perhaps gender inequality

are thus all at the margin of being economically significant.

4.1.6. Conclusion

In sum, this study is the first to offer a European time-series of anthropometric estimates
over the last two millennia (excluding the last two centuries, on which much research
has been conducted already), although with some limitations. Height series are often
correlated to various biological aspects of the standard of living (such as longevity), but

they do not necessarily capture other important aspects related to purchasing power. To

19 For the case of the Roman provinces, some authors hypothesized that the urban population was better
supplied with food than their rural counterparts.

1% The statistical insignificance is probably not caused by the fact that we controlled for social status in
the regressions of table 4. We performed the same estimations without social status, and all results were

almost identical.
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illustrate this, a Northern Barbarian living in the sixth century was tall and certainly
lived relatively long (Herrmann 1987), but in case he was amusement-loving and fond
of consumer goods, he would most probably have preferred to live in second century
Rome. Yet although we acknowledge this, we are unfortunately not able to measure
such aspects of welfare. What we can and do capture, however, are other important
aspects relating to height and development which have so far often been underrated.

The overall picture emerging from our study is one of stagnant heights over the
past two millennia. We did not find much progress in European nutritional status, not
even between 1000 and 1800, a period for which Maddison (2001) and others arrive at
growing GDP per capita figures (Figure 13, but see Federico 2002, for a critical

view.).!?®

FIGURE 13
HEIGHT DEVELOPMENT AND GDP PER CAPITA

Source: see Maddison (2001) and Table 4. Countries are excluded for which no height data is available
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' In our data, Scandinavian and Eastern European heights even declined significantly. This supports
Steckel's (2004) finding of a long-term height decline in Northern Europe. We took care not to use the
data analyzed by him again, except for very few heights which we had recorded at an early stage of our

project (6 %).
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Likely reasons for this divergence are (a) relatively favorable nutritional
conditions during the Middle Ages, and especially the climatic optimum of the 11%/12%
century; (b) the bias in pre-industrial and early GDP per capita estimates in favor of
industrial goods consumed by middle- and upper class consumers,'*® a possibility which
is also supported by van Zanden's (1999) finding of a “negative link between economic
development and the level of real wages” from the beginning of the 16™ to the end of
the 18" century. Van Zanden also described a decline of per capita meat and dairy
product consumption. In a similar vein, Federico and Malanima (2004) estimated a
downward trend of food consumption in Italy between 1300 and 1860.

Our analysis stretches back to ancient times, measuring living standards during
the Roman Empire and the following “Dark Ages”. We find that heights stagnated
during the Roman imperial period in Central, Western and Southern Europe. In
Northern and Eastern Europe, heights might have increased between the first and third
century, but fell dramatically in the fourth century. Whether this downward trend
contributed to the main Migration Period in the fourth century awaits further
exploration. One astonishing result is the height increase in the fifth and sixth centuries,
the largest residual in our model. Declining population density in the former provinces
after the breakdown of the imperium Romanum, and the plague of the sixth century

10
1.197

might have played their role in this as well. ~" Noteworthy is also the relative synchrony

of the height development in the three regions.

1% Note also the potential urban bias of the real wage estimation (rural nutrition and living standard, in
contrast, were influenced crucially by non-traded, high-quality proteins (such as milk), see Baten 1999;
van Zanden 1995).

17 We also used plague dummies for the second, sixth, 14", and 17" centuries and found them to be
insignificant. In addition, we tested whether stature was higher in the second halves of those centuries,
since the most violent plague waves occurred around the mid-centuries, just as the tall stature of the sixth
and 14th centuries might have been caused by the lower population density afterwards. In fact, heights

were half a centimeter taller in the second halves of those centuries, which is economically, but no
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Does the development of the cattle-bone rate as estimated by archaeozoologists
support such a nutrition-based explanation for the fifth and sixth centuries? We find our
expectations confirmed that during the imperial period of most extreme population
density (but after the climax of power during the first century), large cities like Rome or
Pompeii had a very small share of beef and milk consumption (grazing being too
costly), and instead substituted meat and dairy products with grain and vegetables — and
pork for the richer strata of society. In fact, the impressive cattle share of 28 % in Rome
(Aqua Marcia excavation) between the first century B.C. and the first century A.D. fell
to 7.9 % between the first and second century, reaching 0 % in the second and third
century A.D. During the fourth century, the share was still negligible (0.6 % on the
Palatine). Only in an excavation on the fifth century (Schola Praeconum), a substantial
cattle share was found again, after the population density had decreased significantly
and Germanic invaders had introduced a new agricultural system (and perhaps taste).
Similarly in Naples, the cattle share was low throughout the first up until the third
century A.D. (2- 6 %), and only somewhat higher during the fifth to seventh centuries (6
— 9 %). Ostia and other excavation sites display a similar, but more mixed pattern. In
general, the second to fourth centuries display low urban cattle rates in Italy.

We constructed potential explanatory variables of height development on the
narrow basis of what we know about this early period. We have to emphasize the
limitations of those estimates, but a first exploratory look might still generate
informative insights. Population density was clearly economically (but not statistically)
significant. Thus, decreasing marginal product theories and Malthusian thought cannot
be denied for the pre-1800 period. Of marginal significance were climate (warmer

temperature being advantageous for nutritional status), social inequality and gender

statistically significant (not shown here).
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inequality (both reducing average height). When controlling for population density,
urbanization was positive.

Questions about the social composition of the height samples over time as well as
other potential biases can only be answered within certain confidence intervals (given
the current state of research). However, we would argue that the error probability is
smaller than for most other methods which can be applied to the first millennium (such
as the urbanization-based GDP estimates by Maddison 2001). If our intention is to study
the economic history of Europe in the very long run, anthropometric techniques provide

important insights into some (although naturally not all) central aspects of human life.
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4.2. AGRICULTURAL SPECIALIZATION AND HEIGHT IN
ANCIENT AND MEDIEVAL EUROPE

4.2.1. Introduction

Between 600 and 300 B.C., cattle as a share of livestock declined sharply in
Mediterranean Europe, and remained very low during the remaining period of the
Roman Empire. Poor and middle income groups consumed grain and vegetables, while
the wealthier strata consumed meat (and especially pork). The central point of this paper
is that one can document the cattle “deficiency”, so to speak, using archeological
evidence on cattle bones; and, further, that this deficiency mattered in terms of net
nutrition, which is reflected in mean height.

The empirical analysis in the paper begins with a discussion of data on animal

bones collected by previous scholars.'®

We pay close attention to various selection
biases involving excavation (which bones were found) and taphonomy (which bones
survived to be found). We match up data on the cattle bone share with estimates of
human height for three major European regions (Mediterranean, North-East, Central-

West) for the first through seventeenth centuries, in the process discussing strategies for

controlling for migration, social and regional composition, among other variables; along

This chapter is based on an article published in Explorations in Economic History:
Koepke and Baten (2008). The concept for the paper was developed jointly, the
analyses and writing was equally shared.

1% Data on animal bones are drawn from King (1984, 1999a, 1999b), Benecke (1986), Becker (1980),
Bokonyi (1955), Boessneck and Wiedemann (1972), Enderle (1975), Heinrich (1985), Hiister (1990),
Johansson and Reichstein (1979), Luff (1982), Paul (1978), Reichstein (1990, 1991) and Reichstein and
Pyrozok (1991).
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with a description of how the comparison of several regions yielded mutually
corroborating evidence (chapter 4.1.). Lastly, we consider whether the meat trade

played an important role during the Roman Empire.

4.2.1. Background

Protein-rich milk and beef were major determinants of the biological standard of living
of late-eighteenth and nineteenth century societies, with a high local supply of milk
leading to better nutrition and taller stature. The shadow price of milk (especially after
the milk fat was extracted) tended to be extremely low since this food item could not be
shipped. The milk fat was extracted and made into butter, and this item was sold on
urban markets (Baten 1999; Baten and Murray 2000). In this paper, we consider the
“proximity-to-protein production effect” described above for ancient and medieval
Europe. The influence of protein production on human height is traced quantitatively
using a sample of 2,059,689 animal bones, based on data collected by King (1984,
1999a, 1999b) for the Roman Empire, as well as data for Northern and Eastern Europe.
The share of cattle bones served ceteris paribus as an indicator of milk (and beef)
supply, especially when available land per capita is taken into account. Furthermore, we
compare information on the cattle bone share with height estimates from three European
regions (the Mediterranean, the North-Eeast, and the Central-West) for the first to the

17" centuries A.D.

4.2.2. Literature Review

Most pre-industrial societies were characterized by a severe scarcity of high quality
protein - especially, animal protein (Baten and Murray 2000). Furthermore, after the

Neolithic agricultural revolution, the distribution of protein consumption became
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increasingly unequal (Armelagos 1990; Steckel and Rose 2002). Milk availability appears
to have been an important “bottleneck” for health and longevity, given that milk is rich in
high-value protein, calcium, and vitamins.'® Cows in particular provided a relatively
high protein per capita supply in regions where cattle could be kept, whereas goats and
sheep rarely reached sufficient numbers, except perhaps in the Western Balkans (Baten
1999).

For the eighteenth and nineteenth centuries, it can be shown that a good local
supply of milk led to better nutrition and taller stature, and thus — ceteris paribus — to
better health and longevity values, even in regions that were not otherwise “rich”
(Komlos 1998; Baten 1999). However, it is not known whether the relationship between
milk intake and height also holds for ancient and medieval history (Garnsey 1999). For
example, can we explain the larger stature of Germanic tribesmen by their milk
consumption?''® A variety of ancient sources suggest that the autochthonous people of

Germania Magna, beyond the borders of the imperium Romanum, used milk as their

19 Milk is especially rich in vitamin D and an important source of trace elements, fat, and sugar: see
Davis (1987, 155). Consequently, milk is of special importance for a good quality of nutrition.

"% T actose intolerance was probably not a decisive limiting factor in Europe. Crotty (2001) emphasized
the importance of lactose intolerance in his bold attempt to explain the evolution of capitalism based on
cattle farming patterns, arguing that lactose-intolerant people could not make sufficient use of cattle.
Lactose intolerance implies that many people in the world have digestive problems when consuming
large quantities of milk after age 5-7, because at that age, genetically lactose-intolerant people lose their
ability to digest fresh milk without facing diarrhea and similar problems. Especially East Asians (east of
Tibet and Rajasthan), American Indians and some African people have problems with lactose intolerance.
For Southern Europe, the results are mixed — one study on Spain categorized the country into the lowest
group of lactose intolerance (30 percent and less lactose intolerance), and a Greek study found Greece to
obtain a middle position (30 — 70 percent lactose intolerance); whereas in Italy and Turkey, more than 70
percent were classified as lactose intolerant (see Mace et al. 2003). However, even lactose-intolerant
people can digest modified milk such as Kefir, Lassi, and similar products. Moreover, all people can
drink about one cup of milk per day if their intestinal bacteria adapt to live in a milk environment through
careful training. Even many South Koreans consume some milk today, using this method of permanent
training. We thank Barry Bogin, Anthropology Department of the University of Michigan/ Dearborn, and

S. Pak, Seoul National University, for their observations on this issue.
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basic food — in sharp contrast to the Roman-Italian population.''’ The share of cattle
bones among the the three main domestic animal species cattle, pigs, goats and sheep' ' -
can serve as a proxy for two aspects. Firstly, population density tended to be negatively
correlated with the cattle bone share in ancient times; extensive cattle husbandry was not
possible where population was dense.'”® Secondly, the share of cattle bones was sensitive
to climatic and landscape conditions since goats and sheep could be kept more easily than
cattle in both dry and warm, and cold climates (Bokonyi 1974).'"* Cattle, by contrast,
could not cope well with meager vegetation and in general needed to be in stables during
winter (Nobis 1955; Reichstein 1972; Benecke 1986).

What were the effects of a high cattle share on humans? For pre-industrial times, a
high value typically implied a substantial local supply of milk, because milk could not be
transported unspoiled over more than five or ten kilometers (Komlos 1989; Baten 1999;
Craig 2004). Apart from the direct effect of geographic proximity, an indirect advantage
also occurred in terms of nutritional equality: the transport problem led to a very low
shadow price of milk in remote milk-producing areas, which thus induced a relatively
egalitarian distribution of high-value proteins. Therefore, even low-income groups could
consume a healthy diet. By contrast, in large cities, only high-income groups could afford
a protein-rich diet, which there would be based primarily on meat (and especially pork).

As nutritional inequality tends to reduce average height due to the declining marginal

"' See for example Tac. Germ. 23; Plin. nat. VIII 179.

"2 Sheep and goats are commonly considered as one group in the literature, because the bones of these
are difficult to distinguish.

'3 See Jongman (1988a). For example, Benecke (1986) argues for the Southern Baltic Sea region that the
increasing importance of pig farming at the beginning of the early medieval period correlates with a
population increase. Cattle need larger areas to graze, whereas pigs can be kept on smaller plots of land.
"4 Sheep and goats are undemanding when it comes to fodder; in addition, sheep are more common than
cattle in the very cold areas of Northern Europe since their fur will protect them from the cold, making

stables superfluous even in winter.
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effects of food on height, this second effect reinforced the proximity-to-nutrients effect on
average height in ancient and medieval times (Steckel 1995; Boix and Rosenbluth 2004).
Taking those two relationships together suggests that a higher cattle share should have
been accompanied by higher average height (and perhaps lower inequality) in Europe

during antiquity.

4.2.3. Data on Animal Bones

In earlier decades, archacozoologists mainly assessed the qualitative composition of diets,
whereas more recently attention has been paid to the quantitative dimensions (including
meat consumption) of human nutrition.'"> The findings from this recent research form the
basis of our data set on animal bones. As noted earlier, these data consist of observations
from various sites compiled by King (1978, 1984, 1999a, 1999b), Benecke (1986), and
others. King collected a large body of evidence on animal bones from published reports

116

and unpublished archival data.” > His data were grouped according to the major domestic

115 See for example. Uerpmann (1972): all animal bones related to human activities in a settlement should
be collected; accordingly, good preservation conditions for organic substances are important for drawing
correct conclusions. One must also take care not to combine data based on different counting methods. In
addition to the information on the quantitative proportion of meat in human nutrition determining an
animal’s age at butchering yields more precise insights into the composition of human food consumption.
For instance, zoologists have found that a large number of cattle butchered at an older age is an indicator
that the animals were not only used for meat production, but especially for milk production: see Jankuhn
(1978). Furthermore, a high percentage of only a few days old cattle slaughtered, and especially bull
calves, can be directly related to dairy-farming: see Reichstein (1991, 246). In addition, the longer the
slaughtering could be delayed, the larger the animal and therefore the quantity of the meat obtained: see
Reynolds (1995, 309). Kokabi (1988) came to the conclusion that (corresponding to its utility), cattle is
the most widely represented (husbandry) animal among the existing bone material from the Roman
provinces. However, his analysis implied that cattle was mainly employed as ‘working animals’ for field
processing, this being indicated by the gender distribution of the preserved cattle bones, with ox and bull
remnants being almost twice the amount of cow bones, followed by pig and sheep bone remains.

" King (1999b) includes data from Luff (1982), Lepetz (1996), Peters (1998) etc., thereby creating an
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animal species: cattle, pigs, and sheep/goat (the latter were combined).''” To ensure that
animals were meant for daily food consumption, and not burial or other rituals, only
civilian and military settlement sites were taken into account, none with a sacral
background. Moreover, bone assemblages that obviously represented remnants of craft
production were excluded. We will discuss questions of representativeness, bone survival
and excavation probabilities in the following section.

We divide Europe into three large groups. The regions along the Rhine river —
Benelux, Northern France, South-Western Germany, and Switzerland — together with
Bavaria/Austria and the UK are grouped as “Central-Western Europe”.!'® “Northern and
Eastern Europe” denote regions that had only little or modest contact with the Roman
Empire and its provincial economy -- Scandinavia, North-Eastern Germany, Russia,
Romania, and Hungary. “Mediterranean Europe” in our sample stands for Italy, Spain,
and the French Provence.

We only considered the European sites recorded by King, neglecting Africa and
the Middle East.'"” Because North-Eastern Europe is underrepresented in King’s data
(due to his concentration on regions that were Roman provinces at some point in time),

we enlarged our data set to include bone data from Sweden, Denmark, Hungary, Russia,

overview for the entire Roman Empire. This evidence was recently used by Jongman (2007), who based
his argumentation on the approximate completeness of the palacozoological record for Roman antiquity.
""" Furthermore, domestic fowl and some wild animals were consumed, yet these accounted only for a
small amount of the total food supply and were therefore not included in the study. Fish consumption can
probably not be estimated accurately using this method.

18 Compared with population estimates for the Roman Empire, the number of sites in this group might
indicate a somewhat larger amount of bones for the United Kingdom. However, as we are only using
shares and not absolute numbers of cattle, only a slightly higher precision for regions with more data
available would be implied by this.

"% King recorded animal bone data from 533 excavation sites all over the Roman Empire, including some
post-Roman sites. At the average site, 1867 animal bones were excavated, ranging from a minimum of
four to a maximum of 366,507 animal bones. Overall, cattle bones were more frequent than sheep/goat

bones, with pig bones being least common.
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and Northern Germany (collected by Luff (1982), Benecke (1986) and others)."*® Thus,

our data set comprises animal data from 415 sites. Moreover, the sample covers the

centuries between 400 B.C. and 600 A.D. satisfactorily for all regions (see Table 8).

TABLE 8
REGIONS COVERED BY OUR DATA SET: NUMBER OF ANIMAL BONES

Source: see text

Century Central-Western North-Eastern Europe Mediterranean
Europe Europe
. Total
Germafly Gaules Britain Danube  Barbari- Italy |Provence| Spain
/Austria prov. cum

-10 81 81

-9 516 516
-8 457 457
-7 94 477 571

-6 27836 | 1471 29307
-5 94 468 562
-4 326 94 1559 1979
-3 260 94 3473 3827
2 13142 4446 143 256 596 2016 104 20703
-1 289848 10801 3410 8235 2989 33 315316
1 64230 16385 35787 10533 18264 | 5005 | 10730 | 508 161442
2 176613 13641 51275 16956 18684 | 3779 | 9860 | 1392 | 292200
3 111473 9811 55417 11173 18684 | 2041 895 718 | 210212
4 32436 15601 61328 932 18352 | 3431 513 924 133517
5 1623 4060 11434 1198 36910 | 5567 | 1368 | 376 62536
6 33 5694 1077 23280 | 2654 392 33130
7 33 149 33884 | 1267 156 35489
8 149 41882 32 42063
9 1217 102623 103840
10 391 106360 106751
11 391 175154 175545
12 391 102906 103297
13 96470 96470
14 93795 93795
15 18821 18821
16 15169 15169
17 2093 2093

689431 75331 224786 | 44515 960374 |37283| 23503 | 4466 | 2059689

"2 In concordance with the height estimates, those data points were aggregated with King’s observations

on Eastern Europe, as this region was only integrated to a limited extent into the imperial economy. For

example, Northern Romania (for which reliable data exists) was de jure only part of the Empire for some

150 years.
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Before 400 B.C., however, only Italy is well-documented; after 600 A.D., this is only
the case for North-Eastern Europe.

What are the major trends in our data set? First, the cattle share in the ‘major’
regions fell sharply between the tenth century B.C. and the seventeenth century A.D.,
especially in Mediterranean between the eighth and third centuries B.C (from
almost0.40 to approximately 0.17, see Figure 14). After the first century A.D., the cattle
share stagnated on a low level (at approximately 0.20 of the total mammal bone share)
until the sixth century A.D."?! Except for a small decrease between the fourth and third
centuries B.C., trends in the cattle share in the Central-Western European region
followed a different pattern: specifically, after a substantial increase from the
third century B.C. onwards, the share of cattle remained relatively constant throughout
the second and sixth centuries A.D. Then, however, a decline set in. Last, the cattle
bone share in the North-Eastern European region displayed a less volatile pattern of
change over time. Although a slight decrease became apparent over the centuries, this
occurred ‘step by step,” with long periods of constant values. Overall, the North-Eastern
cattle share was consistently higher than the Central-Western one, with the share in

Mediterranean Europe ranking lowest.'**

2! There was only very small variation in between: from the third to the first centuries B.C., the
percentage increased slightly. In the eighth century A.D., the Mediterranean average reached its highest
share (0.23).

122 There were also some special developments which related to individual cities. For example, during the
Roman Imperial period, large cities like Rome or Pompeii had a very small share of beef and milk
consumption because cattle grazing was too costly. Therefore, beef was substituted with grain and
vegetables — and pork was left to the richer strata of society to consume. In fact, the impressive cattle
share of 0.28 for Rome (Aqua Marcia excavation) between the first century B.C. and the first century
A.D. fell to 0.079 in the first and second centuries, and to 0 in the second and third centuries A.D. During
the forth century, the share was still negligible (0.006 on the Palatine). Only excavation at a fifth century
site (Schola Praeconum) yielded again a substantial cattle share, after population density had decreased

significantly and Germanic invaders had brought their agricultural system (and perhaps taste). Similarly
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FIGURE 14
DEVELOPMENT OF CATTLE SHARES IN THE THREE MAJOR EUROPEAN REGIONS

Source: see text

0,80
0,70 -
0,60
0,50

0,40 |
0,30 -h.‘\
0,20 A

0,10

0,00 T T T T T T T T T T T T T T T T T T T T T T T T T T
10BC 7BC 4BC 1BC 3AD 6AD 9AD 12AD 15AD

Century

Cattle Share (fraction of 1)

—l— Mediterranean Europe —— North-Eastern Europe —&— Central-Western Europe

When comparing the evolution of the cattle bone share with those of other
domesticated animals by regions (not shown), we found that in all three parts of Europe,
the pig and cattle share developed more or less antipodally, whereas the sheep/goat
share developed independently and was relatively stable overall.'*

Differences in levels of absolute bone numbers do not invalidate the evidence
which can be gained from considering shares. In other words, one could imagine that a
lower share of cattle in the Roman diet could still imply a higher consumption amount

in levels if the Romans ate disproportionately more other meat. However, this was

in Naples, the share remained low over the first and third centuries A.D. (0.02- 0.06 ), becoming
somewhat higher during the fifth to seventh centuries (0.06 — 0.09). Ostia and other excavation sites
display a similar, but more mixed result. In general, the second to the fourth centuries A.D. were
characterized by low urban cattle rates in Italy.

2 Although the Romans substituted beef with pork, Jongman has argued that the overall meat
consumption was still relatively high in the Roman Empire (albeit not necessarily per capita). Jongman
(2007), see also Jongman (1988b; 2006). We took a somewhat different focus in this study, arguing that
cattle husbandry provided important advantages in terms of proximity to milk production. Unlike

Jongman, we based our results not directly on meat per capita values.

105



clearly not the case. In fact, the diet of the Mediterranean region with its high
population density was probably marked by much lower overall meat consumption. If
we compare King’s animal bone evidence for the Mediterranean provinces (Italy,
Southern France, and Iberia) with the Central-Western European provinces (that is,
those along the Rhine, in Northern France, in the Alps, and in Britain), in the
Mediterranean, only one seventh of the Central-Western Europe bone number was
found, for the first century A.D. For the second century and thereafter, the gap is even
wider. Furthermore, the Mediterranean population was larger (37 million, as opposed to
32 million in the vast Central-Western territories). A part of this gap can certainly be
explained by taphonomic distortions. Yet given a ratio of 1:7, it is unlikely that the
Mediterranean population consumed more meat per capita than the Central-Western
Europeans.'** The difference in pig bone levels is much smaller (only 1:3 in favor of
Central-Western Europe in the first century A.D., and about 1:4 in per capita terms),

whereas that in cattle bones is almost 1:20.

4.2.4. Taphonomic Biases

Taphonomy is the sub-discipline of archaeology that studies the process of the
decomposition of bones and, hence, survival probabilities.'*> Although this subfield has
made considerable progress depositional biases are highly site-specific and time-variant

and there are no overall valid formulae to estimate the original numbers (Nicholson

'2* The Northeast is even a bit more difficult to compare in levels, as the bone data stem from another
source, and comparisons over time are also difficult.

' For an overview on taphonomy, see Lyman (1994), O’Connor (2000); for a list of non-cultural
processes, see Behrensmeyer (1993: 345). For further critical discussions of interpretation possibilities,

see Wilson (1996). A quantitative comparison of different methods is given in Hambleton (1999).
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1996). Despite this, it is important to consider several possible sources of bias, as

follows:

(1) Zooarchaeological counting strategies. In order to estimate the composition of
the animal consumption of at least the three large animal groups (cattle, pigs,
sheep/goats), two main concepts have been used, the “Number of Identified Specimens”
(NISP) and the Minimum Number of Individuals” (MNI). The NISP (also called TNF
for “Total Number of Fragments”) counts all bones and bone parts that can be attributed
to a specific animal, which then may be weighted by a certain ratio of bone-to-meat or
left un-weighted. Proponents of the MNI method consider only such identified bones
which exist only once in a certain animal, and then construct the lowest possible number
of individual animals comprising a given bone population. The principal biases of these
methods are as follows: (a) the NISP tends to overestimate large animals with robust
bones, as the likelihood of these bones’ showing in the record is higher. This relates in
particular to an underestimation of small animals such as chicken, but in our case,
underrepresentation might be the case for goats and sheep as well, albeit to a lesser
extent; (b) the MNI, in contrast, seems to overestimate animals with a relatively small
share at a given site or in a given region, as it only needs one bone element to indicate
the existence of this animal. To give a hypothetical example, goats in England (which
were overall not so frequent there) could in principle be over-represented in our record
(had we used this method, which we have not). Gilbert and Singer (1982: 32) report that
the MNI does not perform well in simulation exercises: in fact, the NISP requires a
smaller number of bones to arrive at approximately correct animal shares, as compared
to the MNI method. Fortunately for our study (our sources were based on the NISP), the

results of the two methods correspond broadly when the animal bone shares of the three
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large animal groups are studied (Hambleton 1999, 36 with Figures 11a, 11b)."2° In sum,
the bias from zooarchaeological counting strategies should be relatively limited.'*’
Overall, we follow the conclusion of the recent taphonomic literature that it is crucial to
compare data in percentages of animal types, analyzed using one homogenous
method."*® In contrast, the ‘real’ number of animals would be much more difficult to
measure correctly.

(2) Representativeness. If we collect data on consumption patterns, we have to
make sure that all animal bone remains are related to food consumption activities. Thus,
data from ritual offerings in temples or sacrificial deposits in non-sacral contexts, as
well as grave goods and workshops were not taken into account (see Lauwerier 2004).
Firstly, ritual sacrificing may or may not have been combined with the regular human
consumption of meat. To be on the safe side, it is thus reasonable to exclude such sites.
Secondly, bones from specialized large slaughterhouses should be excluded. A
substantial bias, at least on a local level, could stem from the special institutions that
centralized the killing of animals; similarly, the separation of bone and meat could
potentially bias the record. Fortunately, special slaughterhouses and sacrificial deposits
were not very frequent in the samples available to us; otherwise, we would have needed
to consider a counteracting bias arising from omitting them. In general, however, in
order to minimize the bias, animal bone remains stemming from any such special

‘locations’ should not be taken into account, as they might distort the more realistic

126 Nevertheless, King deliberately excluded data based on MNI or ‘bone weight’ estimates; see the
discussion in Hambleton (1999).

'*" The alternative “share of meat rich bone parts” has been severely criticized: is not suitable for
interpretation, as these bones are the largest and most robust ones and therefore have the best chance to
survive. Thus, it can be problematic to estimate the yield in meat based on the estimated average live
weight per animal (see Doll 2003; compare Hanik (2005, 66) referring to Reichstein 1991 and others).

128 See Amorosi et al. (1996, 138-139): “We cannot reconstruct direct counts of ancient stock whatever

our method of quantification.... [bone assemblages should be used as an] altered proxy indicator.”
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shares we can obtain from regular waste deposits (see, for example, Doll 2003;
Lauwerier 2004).

(3) Taphonomic factors. During the post-mortem, pre-burial, and post-burial
histories of faunal remains, various taphonomic factors influence bone survival. As far
as it is known, these factors result in a corroded bone surface and perhaps fibre structure
in most cases, but not in the total loss of the bones (Lyman 1994; Denys 2002)."*’ In
general, at least some parts of a consumed animal are preserved and can be analyzed."*’
In the worst case, the bones are comminuted."! In discussing possible bone destruction,
biostratonomic (relating to the sedimentary history of the fossil) and especially
diagenesic (relating to post-burial, chemical and mechanical alterations within the soil)
factors are of interest which can affect a bone in a way that it is fully destroyed.
Abrasion can be the result of various conditions:'**

First, cooking may affect the degradation of the bone material due to its softening
impact, as it makes the bone more vulnerable to later diagenesis conditions (see for
example, Nicholson 1996). It is not possible to quantify this aspect.

Second, different survival probabilities are based on the soil type in which the
bone material is deposited. Soil type includes factors like sedimentation: different sizes
of silt, sand, gravel and pebbles lead to various degrees of abrasion. Sedimentation is
also related to another factor, namely the erosion of the surrounding soil which might be

reinforced by intensive and special forms of agriculture. Already the medieval clearing

12 Denys (2002, 469), for example, admits that “taphonomic processes™ are “rather complex and still not
fully understood.”

1% Personal communication from Dr. Cornelia Becker, Free University of Berlin.

131 Using the NISP, this could result in a bias towards cattle (and pork) as opposed to sheep/goat, because
these animals are larger and therefore can be broken into a larger amount of fragments. But most of the
taphonomic factors do not break the bones, except for trampling and the excavation method (see below).

132 Naturally, all of these different factors might interact.
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of forests could have had such an effect. Erosion in turn can result in other factors like
weathering. Also, root etching can be a factor if the roots stem from plants (and fungi)
that excrete humic acids (Lyman 1994, 357). Furthermore, chemical soil parameters can
affect bone survival, especially soil-pH or microorganisms.'*® In contrast to alkaline
soils, soils with much acid (such as peat) destroy bones more quickly. However, the
amount of microorganisms increases with higher pH-values, which can counterbalance
the ‘preferable’ soil-pH. In alkaline chalk and limestone soils, a particularly large
number of bones have survived. Can we find differences in soil structure between our
three large regions of Europe, and over time? According to Zech and Hintermaier-
Erhard (2002; based on the Reference Soil Groups of the World Reference Base of Soil
Resources, WRB 1998) and the FAO (2006), the overall soil-pHs of the dominant soils
in Europe differs not much. Yet local differences can be large, of course — and even
variations in the composition of the soil depending on the strata — which cannot be
quantified in an overview study.'** Thus, in different soils, bones have a different
likelihood of surviving over centuries and showing up in archaeological records.

However, this should not have a major impact on the share of the three types of large

133 Soil-pH is of special importance, because it has an impact on many further soil attributes: see Hillel
(2005, 197); Scheffer and Schachtschabel (2002); Anderson and Kreitz (1997). In the literature, it is also
discussed whether acidity itself has a significant impact or not; see Nicholson (1996, 523), versus Gordon
and Buikstra (1981).

134 It is problematic to reconstruct the soil-pH, because except for the basic conditions (soil composition),
the soil-pH can vary 'micro-'locally and temporally - even by several units (see Scheffer and
Schachtschabel (2002, 122). Differences in soil-pH arise from various natural factors as well as
anthropogenic changes and burdens: like the type of vegetation (even similar soils can have a different
concentration of pH and bacteria due to different flora), extension of the rootedness of the soil, emission
and acid precipitation, intensity and kind of fertilization, drainage of fields and irrigation etc., or even
changes in the CO, partial air pressure. It is important to bear in mind that except for short time
variations, soils changed extremely over time due to nitrate wash out, and an increase in the concentration

of pollutants.
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mammals. Certainly, cattle and pig, and probably also sheep/goat bones are similarly
robust against soil acidity.

Third, we must consider bone destruction by dogs and other animals. Carnivore
and rodent scavenging can affect a bone, but in general, it only modifies the bone
surface in the form of tooth marks, so that the bone does not “fully” disappear.'*> Even
after digestion, the specialist can still distinguish from which animal the bone stems."*®
Moreover, coverage with earth prevents the risk of access by scavengers (Lyman (1994)
144).

Fourth, trampling may be a factor, although this counts mainly for bone remains
lying on the surface (Denys 2002, 475). However, as chemically altered bone breaks
easily under large weight (Lyman 1994, 423), earth-covered bone material close to the
surface may also be affected. In this context, the impact of modern agriculture should
also be discussed. Over the nineteenth and twentieth centuries, agricultural techniques
changed substantially, resulting in disruption due to today’s heavy vehicles and
machinery moving much deeper into the soil, and thus destroying a considerable
amount of bones and other archaeologically interesting material. Although this
influence is substantial and it could be imagined that Western and Central Europe had
much more intensive agriculture than the other two regions, we think that this should
affect all three types of large animal bones similarly.

Fifth, there are other factors that may matter especially at individual sites, but less
so in the three large regions into which we divided Europe. For example, variation in
bone assemblage composition could be the result of punctiform building activities, or
varying waste disposal practices for larger and smaller animals even within single sites

(see Driver 2004). But if the overall bone collection for data analysis consists of

135 personal communication from Dr. Cornelia Becker.

136 Hyenas are the only exceptions.
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material from a wide range of settlement types, this should not lead to a significant bias
towards one particular species.

(4) Excavation density and method. The total number of bones is clearly
determined by the amount of interest archaeologists develop for certain periods and
regions, and sometimes by the institutions that decide about excavations. Simply
counting the total number of bones and then calculating the “animals consumed per
capita” would be misleading in our view, as those periods and regions which are of
predominant scholarly interest would automatically have higher numbers. Furthermore,
excavation methods and post-excavation activities can also vary, resulting in different
bone registration likelihoods — for example, some excavators might simply have left
bones unrecorded if they were interested in other archaeological finds.

Three main arguments support our use of animal shares as important and more or
less reliable evidence for ancient and medieval agricultural specialization: first, we
consider only the shares of three types. The strongest taphonomic biases tend to affect
the total number of surviving bones, and not so much the shares of large animal types.
Second, if any of our three groups is more vulnerable, it is the sheep/goat category
(given the smaller size of these bones). However, our account is driven by the ‘pig
versus cattle bones’ argument, and those were of similar sturdiness. The strongest
taphonomic biases (in all possible factors) refer mainly to small animal categories, such
as chicken, fish, and other small animals (again, thanks to C. Becker for personal
communication). This is also the reason why little is known about these species for the
period under study (fortunately, the small amount of meat and non-existent milk
suggests that their nutritional value is somewhat limited, except for fish in coastal

locations). Thirdly, most of the literature on taphonomic bias refers to single excavation
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sites, whereas we consider three large regions of Europe, so that a substantial part of the
measurement error averages out or has only modest influence in our study.

In general, we agree with Luff’s statement that “although we cannot accurately
quantify the exact species changes through time, we can identify general trends and also
differences in species exploitation between sites” (Luff 1993, 54). Even if this statement
refers to individual sites (whereas we are more modest here and average large European
regions), we also think that some measurement error remains in our series, and that we
can only interpret broad trends and differences between regions. However, we can still
use the given bone material in shares to approximate husbandry strategies. Temporal
and regional differences between the animal species percentages used here can thus be
interpreted as a result of different consumption conditions, although the caveats

mentioned above must be kept in mind.

4.2.5. Height Data

Our height data stem mostly from archaeological excavations. This collection of
evidence represents the largest collection of observations on Europe to date (see Table 4
in chapter 4.1.). We again distinguish three regions (a) Central-Western (b) Northern
and Eastern Europe and (c) the Mediterranean region (west of Greece). For the early
Middle Ages, the data are quite abundant (Table 4). After the twelfth century, height
data become scarcer, as bones in cemeteries were more often lost or mixed with bones
from later epochs. From the seventeenth and eighteenth centuries onwards, archival
sources provide much larger sample sizes, while at the same time posing additional
selectivity and truncation problems (Komlos et al. 2003). Because the period from the
eighteenth to twentieth centuries is relatively well studied, we focus mainly on earlier

centuries here. Our sample consists of 2,938 female and 6,539 male height
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measurements, distributed more or less equally among all major periods. Only for the
seventeenth and eighteenth centuries are an insufficient number of cases for women are
available.””” A large proportion of the height measurements were aggregated by the
excavators and original investigators. Wherever possible, we collected disaggregated
figures. Thus, our final database is comprised of 2,972 different height measurements
after discarding extreme heights (less than 145 cm or greater than 200 cm). When the
dating was imprecise, we used the average of the earliest and latest date mentioned by
the principal investigators, as the real date could have been both before and after the
middle of a century. We experimented with estimation techniques granting smaller
weight to imprecisely dated observations or discarded them completely, but the main

results remained robust.'®

Because of these data limitations, our time unit of analysis is
the century. We organized all heights by century of birth and discarded such individuals
who were still in the process of growing (less than 23 years of age). Heaping and
truncation did not play a large role as is illustrated by the approximately normal
distribution of heights (see Figures 6 and 7 in chapter 4.1.). We also performed Jarque-
Bera and Kolmogorov-Smirnov tests for normality (by century of birth) and found that
the distributions of well-documented centuries were all distributed normally, except for
the eighth century (details available from the authors).

Our intention was to collect as much height data as possible, with the consequence
of having to accommodate different types of height information. The majority of
measurements were based on excavated long bones (see next section), but some

information was also derived from complete skeletons; with such measurements, we

relied on the original authors’ judgment and adjustments (typically, for instance, 2 cm

7 The so-called primary deficit of females is common for prehistoric and ancient populations (Mays
1995a).

138 The same applies to age estimates.
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are added to cadaveric length in order to adjust for disappeared non-bone parts of the
body, but none in the case of in situ measurements, as the post mortem stretch is
compensated by missing skin (see Maat 2003).

We also used heights that were estimated using armour from sixteenth and
seventeenth-century Central and Eastern Europe. One might assume that the armours
did not fit those wearing them perfectly, but that they were in fact slightly larger in
order to allow for some mobility.”*” Fortunately, our data set contains a sufficient
number of archaeological height measurements for those centuries, which can be
compared to the armour. The average difference between armour height data and other
height data was only about 0.3 cm for those periods and thus insignificant.

We used both weighted regressions (square root of sample size) and regressions
with individuals only to estimate height trends first by gender, and then by European
regions. The regression approach allowed us to control for migration and social status at
least to the extent that we (and other scholars) were able to assess the influence of those

factors on the basis of grave goods and similar information.'** The resulting height time

139 Most armour originated from a time period when military technology had moved away from the horse-
based knight armies which had proven so unsuccessful in the Hundred Years War. Our armour probably
stem from males from all social strata, who were hired and received salaries as soldiers.

140 Migration required additional assessment, since environmental circumstances during the first three
years of body growth have the most lasting impact on adult height. Two points are important in this
respect. Firstly, most migrants experienced a different environment during their first years of life,
compared to the autochthonous population. For example, if they were born in a Northern or Eastern
European agricultural environment and then migrated to the Mediterranean in their later life, we would
expect them to be significantly taller. Secondly, if immigration was extensive enough, agricultural
production techniques might have been transferred to the target region if they turned out to be sufficiently
efficient in the new environment. We know that the most important migration streams moved from the
Mediterranean region into Central and Western Europe between the first and third centuries A.D., while
important Germanic (and other) migration took place from Northern Europe to Eastern, Central, and
Southern Europe and later to the British Isles between the forth and sixth centuries. Migrants from the
Mediterranean region to Central Europe (especially Roman soldiers and officers, as well as administrative

staff) turned out to be 4 cm shorter than the rest of the population. However, skeletons which could be
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series is given in Figure 8 (see chapter 4). Overall, heights remained stagnant and
indicated no real progress in European nutritional status until around 1800 A.D.
However, there is considerable variation between the centuries, as, for example, in the
fifth and sixth centuries when heights increased, or during the medieval warm period
(eleventh and twelfth centuries A.D.).

In order to ensure that our estimates of height development would be reliable, a
number of other factors had to be taken into account, since some statistical limitations
naturally arose. For instance, although our sample was larger than in earlier studies, the
number of cases considered remained small in comparison to data sets on more recent
periods. However, this shortcoming is probably acceptable given the fact that height
trends evolved in similar ways for separate European regions and genders, except where
we expected them to diverge (Figure 9 and 10, see chapter 4.1.). For example, we
expected a decline of heights in Northern and Eastern Europe during the Little Ice Age

(14th -17™ centuries A.D.) because of the extreme impact of the climatic change on

identified as “Germanic migrants” were not significantly different from Eastern Europeans. Likewise not
statistically significant, but economically meaningful was their coefficient in the “Mediterranean”
regression: Germanic migrants who died in the Mediterranean region were 1.63 cm taller. It is
furthermore important to control for migration because a number of anthropologists are still convinced
that genetic height potentials play a determining role in this regard, whereas other anthropologists have
doubts whether genetic height potentials can explain any variation in the average height of a population at
all (in contrast to individual height, which is clearly influenced by genetic factors; see Bogin 1988;
Mascie-Taylor and Bogin 1995). Social status is an important variable, since many studies of the
eighteenth to twentieth centuries found height differences of typically 2-4 cm among adults of the lower
versus the middle and upper classes (Baten 2000). In our data set, we relied mostly on the classification
schemes of the original studies. If skeletons were not of higher social rank, the excavation reports often
did not find this fact worth mentioning. We therefore assigned dummy variables in cases of middle and
upper class origin (leaving a “lower or unknown” group to the constant). This also means that we should
not over-interpret the coefficient of this social status variable. However, this variable is not only
important as such, but also serves to control for the social composition and potential social selectivity
when analyzing height trends. Although the bulk of our measurements stem from burial sites which
represent all societal strata, we wanted to exclude the possibility of social selectivity as a potential cause

of height trends as much as possible. However, the latter was at best marginally significant anyhow.
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cattle farming and human nutrition. In contrast, conditions were more favourable in
maritime Central-Western Europe during this period. In addition, Western and Central
Europe performed much better than Northern and Eastern Europe, especially the
Netherlands and the United Kingdom which took over economic world leadership
during this period (on North-Eastern Europe, see also Steckel 2004a). Female mean
height is by nature always lower than male height. However, female growth can also be
inhibited by the discrimination of females (Figure 10). During the Middle Ages, female
heights were even relatively lower than male heights as compared to other epochs,
whereas gender dimorphism decreased in the Renaissance period, as we would have
expected based on the literature. For our study, we pooled heights of both genders and
adjusted to male height levels, controlling for deviation with a dummy variable in order
to make use of all available height estimation data points (see chapter 4.1.).

Apart from the expected deviations mentioned above, height trends developed
relatively similarly over the regions and genders suggesting that the underlying data are
reliable. We also ascertain reliability by checking burial sites that were used for more
than one century. If they shared the same trend with the corresponding larger region, we
could be more certain that the height trends discovered by us were not mainly caused by
a random regional composition effect. Regarding the larger samples, the majority of
cases pointed indeed in this direction. Nevertheless, we must also stress the limitations
of our height estimates, since some measurement error certainly remains in all three

series.'*!

1 As we already admitted earlier, it is apparent that studies based on archacological data can naturally
not be based on a similar amount of cases as studies on written sources. In addition, they will always
involve some uncertainty (concerning dating etc.). In spite of this, it is important to compile and collate
all the information available and learn as much as possible from it — on further limitations, see chapter

3.3.
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4.2.6. Results: Agricultural specialization and height in ancient and
medieval Europe

In order to test whether, and to what extent, the cattle bone share — as a proxy for
protein intake — and various other determinants influenced average height in Europe
until 1800 A.D., we applied panel data analysis at the level of the three European

. . 142
regions outlined above.

Here, we discuss estimates with regional dummies
(equivalent to fixed effects) and period dummies.'*

Below, we will interpret a part of the “land per capita™ effect as being caused by
the often more favourable disease environment of low population density areas. Land

per capita is simply calculated as square kilometers per inhabitant. It was included in

logarithmic form to account for decreasing marginal product effects (or, inversely,

12 For as many centuries as were covered by our animal bone data. All time information refers to A.D.
values from here.

' Most of the population data comes from McEvedy and Jones (1982). Data on population density for
the period after the thirteenth century are based on Allen’s (2003) study on Europe. Colder winters and
correlated weather extremes tended to make food production (and especially protein production) more
difficult in Central-Western and North-Eastern Europe (Baten 2002). Thus, the impact of climate on
human history was immense (Grove 2002; Pfister 1988). We reported in Koepke and Baten (2005b) how
we created a climatic index from tree rings, glacier movements, etc. One would expect that higher gender
inequality ceteris paribus has a reducing effect on mean height, since Osmani and Sen (2003) have argued
convincingly that female discrimination hurts both girls’ and boys’ height if their mother lives under
unfavorable nutritional conditions. We measured this by century, calculating the gender differential of
height (by centuries). On inequality in general, see Steckel (1995). We experimented with a “plague”
dummy for the centuries of its most violent outbreaks but we were well aware that our height data can
only measure heights with a time resolution by century. We hence decided not to give too much credit to
the insignificance of the plague dummy in our model, and did not report it in the final regression table.
The disease environment might have been the reason that heights in North-Eastern Europe in the fourth
century were 3 cm shorter than expected. Although not much is known about this phenomenon, the
arrival of the Huns in the fourth century A.D. might furthermore have spread new diseases which were
brought from Central, North and East Asia — in addition to the population pressure and worsening
conditions accompanying the very beginning of the ‘main’ Migration Period. The decline of the Roman
Empire and the wars of this century could have had an influence on Central and Western Europe, but it is
unclear why they should have had any influence on Northern and Eastern Europe. To be on the safe side,

we excluded North-Eastern Europe from our analysis of the fourth century.
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% We clearly need to control for gender, given

increasing costs of population density).
that we constructed the data set from both male and female heights.

Which variables have the greatest explanatory power for the long run
development of mean height (Table 9)? In model 1 we included the cattle bone share
variable, gender, climate, the regional and period dummies for North-Eastern Europe.
The period dummy for antiquity was statistically significant (on the 5%-level, see
Model 1 in Table 9), as well as the cattle share variable, our indicator for specialization
on milk and beef production.'® In the second model, we included log land per capita,
which was also individually significant, whereas the significance of “antiquity”
vanished. This might actually indicate that the reason for the relatively short stature
during Roman antiquity was the low land per capita values. After controlling for land
per capita, the significance of the Roman antiquity period disappears. On the other
hand, the regional dummy for “Northeastern Europe” is significantly positive in Model
2, which does not control for cattle specialization. Northeasterners might have seemed
taller simply because the region was more specialized on cattle farming, providing the
positive proximity and equality effects of untradable milk. Against the background of
the older anthropological literature which assumed “racial” differences in height
between different European populations, it is particularly noteworthy that the

significance of the dummy for North-Eastern Europe disappeared as soon as we

controlled for specialisation in cattle farming.

14 Moreover, the original variable was strongly skewed to the right, and the logarithmic transformation
led to a more symmetric distribution. We thank a referee for this suggestion.

145 The reference value is ‘Central-Western Europeans living in the early Medieval Age’.
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FOUR REGRESSIONS: DETERMINANTS OF HEIGHT IN A PANEL OF EUROPEAN

TABLE 9

REGIONS AND BIRTH CENTURIES

1 2 3 4 5 6 7 8 9

Constant 86.21 0.12 154.90 0.01 148.00 0.00 172.10 0.00
Cattle share 10.83 0.05 7.01 0.09 3.23 0.09
Log Land per cap 1.53 0.01 1.26 0.03 1.08 0.03
Gender inequality 0.10 0.90 -0.63 0.30 -0.27 0.58
Climate warm 8.37 0.17 2.25 0.71 2.23 0.68

Mediterranean Eur. 2.68 0.17 0.12 0.86 2.29 0.10

North-Eastern Eur. 0.66 0.33 1.08 0.05 0.68 0.21

Antiquity -1.85 0.03  -0.48 041 -1.24 0.05
High-Middle-Ages -0.84 0.29 0.67 0.41 0.21 0.78

Adj. R? 0.58 0.66 0.69 0.41

N 25 25 25 25

P-Values in columns 3,5,7,9 in italics. Statistically siginifcant coefficients marked grey
underlayed.

Weighted Least Squares Regression: number of cases adjusted for aggregated observations
using square roots. Constant refers to a hypothetical height value for the Early Middle Ages, and
Central-Western Europe.

In Model 3, we included both core variables, land per capita and cattle share.
They in fact remained both statistically significant with only modestly smaller
coefficients. Finally, we were curious whether those two variables remained robust after
removing the period and region dummy variables, and climate. In fact, the significance
of the two determinants of human heights was quite robust. The size of the coefficients
is smaller, if period dummies are not included. Even the adjusted Rs remained at 0.41,
and the explanatory power was in general quite high in all models.

As hypothesized above, land per capita represents two main causal links: high
land per capita values allow greater specialization on milk cattle agriculture, which
affects heights on the one hand, but on the other hand, a low population density (which
is simply the inverse of land per capita) has a direct positive effect on heights through a

more benign disease environment. How large is the economic significance of those two
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variables? If we multiply the two coefficients of our preferred Model 3 by the standard
deviations of the underlying variables, we obtain positive, but slightly different effects:
an additional standard deviation of cattle share implies 0.98 additional centimeters in
height and one additional standard deviation log land per capita gives 0.68 additional
cm (calculated only for those 25 cases for which all information is available; the
standard deviation for log land per capita is 0.54, and for the cattle share, 0.14). An
additional centimeter of height is quite substantial, as it has been estimated that it
corresponds with 1.2 years of additional life expectancy (Komlos and Baten 1998). It
also represents about two thirds of the standard deviation of height, whereas the effect
of land per capita accounts for about one half (see Table 10). We conclude that the
effect is composed of two valid components, of which the cattle share is apparently the
stronger one. The other component (land per capita, or its inverse: population density)
can be related to (a) the more benign disease environment, and (b) Malthusian declining
marginal product forces. Thus, we can quantify the potential contributions of the protein

proximity effect as being somewhat larger than the potential effect of the disease

environment.
TABLE 10
DESCRIPTIVE STATISTICS
1 2 3 4 5 6
N Minimum Maximum Mean Std. Deviation
Height 25 167.65 172.74 169.9626 1.404193
Cattle share 25 0.17 0.66 0.48 0.14
Log-land per capita 25 -3.52 -1.32 -2.01 0.54
Climate warm 25 9.20 9.40 9.32 0.05
Gender inequality 25 4.69 6.11 541 0.48

Note: the standard deviations for only the 25 cases using the regressions above are reported in
the text. The 25 observation for which sufficient height and bone data, plus values for all
explanatory variables were available, are: Centre/West: 15t.g" century; Mediterranean 1%, 3"
5th-6" centuries; North-East 1%, 3", 5™-14" 17" centuries.
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4.2.7. Discussion: Milk consumption and alternative cattle product use
in ancient times

We claim that changes in the relative composition of cattle bones reflect milk
consumption (see also Koepke and Baten 2007). But is this so? After all, cattle could
have been used for meat rather than milk. In effect, cattle were certainly used for both
milk and meat, but milk has a stronger influence on regional human nutrition. In
general, it is clear that cattle farming was always multipurpose (“kept for meat, milk
and/or traction,” Crabtree 1996), or at least for dual use (Bartosiewicz et al. 1997; Luff
1993; Seetah 2005). The question remains, however, whether milk was the most
important component in the output. We cannot quantify this fully for the ancient period,
but some considerations allow at least a rough judgment regarding relative importance.
Most of the literature views the primary use of cattle as somewhat less important than
secondary use (milk, traction, fertilizer), as will become clear in the following.
Greenfield (2005) even argues that predominant primary product use was rarely
practiced, except, as he puts it, “under unusual circumstances, such as in developed
market economies.” Urquart (1983) postulates that the secondary products, which can
be obtained from cattle were actually the ‘trigger’ for domestication.

The primary use of cattle (meat, hide, bone) is, of course, only possible once in
the life cycle of cattle. Secondary use for milking is possible more often. Thus the latter
has the decisive advantage over meat consumption in that it uses resources much more
efficiently: milking yields four to five times the protein of meat production, even if
milking is admittedly more labor-intensive (Sherratt 1981, Davis 1987). Milk
production results in a higher energy output than meat production because in the ancient
economies, the latter required a substantial input of milk: 10 kilograms of milk had to

be fed for gaining one kilogram of meat (see Foley et al. 1972). This implies an
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exchange ratio of 4:1 in energy values (Legge 2005) - 6,500 kcal of food energy in milk
for 1,600 kcal of food energy in meat.

Can we measure when and where dairy farming was practiced? Evidence on
milking practices of cattle comes from archaeology (pots, tools), historical sources, art
(depiction of milking on friezes, vessels etc.), and the age structure of male and female
cattle (see below). Moreover, recent mass spectrometric analysis has made it possible to
identify milk fats (as distinguishable from meat fats) in excavated pots, because milk
fats display a different signature ratio of carbon isotopes than meat fats (see Bower
2003; Copley et al. 2003; Craig et al. 2000). This recent chemical research shows that
the use of cattle as a dairy supplier was dominant over the use of cattle as a meat
supplier in North-West European prehistory (Copley et al. 2003; Privat et al. 2004).

The most important and commonly used possibility to find out about the dominant
use of cattle is zooarchaeological demography. Zooarchaeologists can detect differences
in cattle husbandry by studying the sex and age structure of the kill-off patterns:'*®
firstly, if the emphasis of cattle use lay in milk production, the bone assemblage consists
mostly of remains from female adult cattle and male calves, but of very few older male
cattle for reproduction (Maltby 1994; Locker 2000). This results in the highest possible
output of milk available for human use (Legge 2005)."*” Secondly, if the emphasis of
cattle use was on meat production, the animals slaughtered were mostly bulls of full

meat-bearing potential; 2-3 years of age (approximate time of the 3" molar eruption) is

146 On the methods, see also McCormick (1992); for an overview of the literature, see Wilson (1994).

"7 In contrast to the general view that a kill-off pattern with many calves is a hint towards dairy
production, see McCormick (1992): in his opinion, cows in former times needed to have their calves
around to stimulate their milk production. On the other hand, Peters (1998: 65) among others states that
due to the rather small milk output of the cows of the Teutonic tribes, the culling of the calves had to be
carried out during the first weeks of life if the aim was to obtain any milk. The contemporaries had

methods for stimulating the milk flow even if the calf was killed.
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commonly regarded as the optimum meat weight age (Reid 1996; Locker 2000).
Thirdly, the emphasis could also have been on traction, especially for grain production.
In this case, bulls and cows, and especially oxen, all older than prime meat age, can be

found in the bone material (Crabtree 1996).'**

Although to a lesser degree, ‘worn out’
joints can also be normal signs of old age (traumatic lesions), draught animals can be
identified by sub-pathological deformations (Hugonot et al. 1991, Bourdillon 1994,
Bartosiewicz et al. 1997; Groot 2005).

These are the archaeozoological methods for obtaining information on regional
and temporal differences in the use of cattle in Europe. Habicht (2004) gives an
overview of the use of cattle in the whole period of our study, and other studies provide
further details: at excavated prehistoric sites, the predominant part of the stock are adult
cows (in correspondence to the importance of milk for ‘barbarians’ mentioned below,
see also the ancient literature, for example, Tacitus Germ. 23, Caesar Gall. 6, 22,1.,
Strabo 4,4,3). Only at some sites, bones displayed lesions indicating a degenerative joint
disease resulting from the traction use of some cattle (Telldahl 2005; Murphy 2005).

When Central and Western Europe became a Roman imperial province, more
cattle was used for traction power, because grain agriculture grew. Research opinions
diverge on whether cattle was used predominantly as draught animals (Junkelmann
1997) or whether milk production was still dominating in the North-Western provinces
(Rothenhofer 2005), but meat was apparently not the primary or secondary, but rather a
tertiary aim of keeping cattle. Still, meat animals to supply the urban population and the

army also played a role (Groot 2005). It is important for our study that Romanization

might have meant a movement towards more dominant draught animal use, from the

148 Because castrated animals are especially suitable for the use of plough pulling because they are sedate
(Hugonot et al. 1991). Furthermore, their growing span is prolonged due to the later closing of the

epiphyses because of castration (Hanik 2005), which results in higher stature.
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previous clear milk orientation.'*® Peters (1998) argues that cattle were primarily used
for traction power in the Northern Roman provinces. Others argue that cattle in the
Northern and Western provinces were mainly used for the purpose of obtaining milk,
meat and skin (Fellmeth 2001). Especially in the (former) Gallic and Teutonic regions,
dairy production was most common because the autochthonous population was used to
it. Some sources also report a high cultural appreciation for milk production there,
whereas the Italians of the Roman Imperial period considered cow milk consumption as
something for barbarians (Tuffin and McEvoy 2005). However, we can never know
whether such statements about taste and cultural preferences are truly exogenous, or
perhaps partly determined by economic and climatic factors.

After the Roman Empire broke down, female cattle dominated again in medieval
Central Europe (Doll 2003); the main function of husbandry was breeding and milk
production. Different types of settlements show heterogeneous patterns (see Thompson
2005; Driver 2004), but the general pattern seems to hold. From the end of the thirteenth
century, treatises on husbandry in England survived which allow us to infer the
importance of the attainable yields of dairy products from cow milk, as well as
investment in those products (Thompson 2005). Based on the material overviews of
kill-off patterns from different sites, separate and detailed information on the sex and
age at death is published very rarely (for example, Hugonot et al. 1991 - but the number
of observations is rather small). In the high to late medieval society, the nobility again
increased their pork consumption strongly, in contrast to peasants, farmers, and the

urban poor (see Doll 2003, Ervynck 2004, Pigiere 2004).

' This would fit with the breeding efforts towards an increased capacity of cattle in Roman times, which
was only secondarily aimed at a higher meat and milk production. More working power was needed to
reach increased efficiency in intensified sowing for producing more grain to feed the increasing

population numbers.
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Overall, it is possible to conclude that the consumption of bovine milk and meat
was more prevalent in the regions outside the imperium Romanum, as seen from the
archaeological and historical sources (Fellmeth 2001). By contrast, traction power was
the main motivation in the heartland of the imperium Romanum — and after
Romanization, perhaps also in some of the Northern provinces. In principle, we might
even have given less weight to the cattle share in Roman times, as orientation towards
traction use meant less milk and therefore protein, but we think that this effect is already
captured in the lower cattle share and land per capita values. For the provision of the
army and the provincial cities, meat also played a role, but it is difficult to quantify its
importance. In fact, as we already mentioned in the beginning, the relative importance
of meat and milk is not too important for our approach because we argue that milk was
the component which had the strongest regional impact, and had the egalitarian effect

observable in the regression (having a positive impact on height).

4.2.8. How important was the trading of cattle meat?

Given the scarcity of cattle meat in the Mediterranean, one wonders whether trade could
have played a role. Of course, cattle meat was always stored and to a certain extent also
traded.”® However, when considering quantities, trading of meat must have been
somewhat limited because of the modest transport technology of the time. The value of
cattle meat was limited compared to its weight; hence, its transport was not very
profitable. It is true that the imperium Romanum was known for its relatively developed

transport system; however, long-distance trade on Roman roads was mainly for army

130 For example, Schweissing (2004) demonstrated that even in Roman times live cattle was traded over
long distances: this was the case for longhorn cattle, traded from the Hungarian region to Upper Austria.
However, the long distance trade of meat products is proven only in few cases, like for the Laténe period
when pigs and salted sheep meat were traded especially with Greek traders (Mollenhauer (1995)). In one

ancient source (Varro, rust. 2,4,10) the import of ham and bacon from Gallia to Rome is reported.
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purposes, as the dispersion of barrel and amphorae finds demonstrates (Junkelmann
1997, 58). Also, the imperial Roman import/export potential of long-distance trade
goods was dominated by grain and luxury foods (for example, oysters). Even taking
living animals to Rome or other big cities was costly, as they needed vast trails that
could not be efficiently used for other agricultural purposes (and if driving cattle herds
would have been the strategy, the bone shares would have reflected consumption
patterns in the region of consumption; hence, this does not create any bias in our
measurement). Only from the sixteenth century onwards are large cattle imports from
Hungary to Austria and Germany a proven occurrence (there are some -earlier
exceptions: see Seetah 2005). In sum, long distance trade in meat products was not the
regular way to provide for the average population in the ancient economies.””' In
general, we can assume that animals were consumed where their bone remains are
excavated. Therefore, the animal bone material of a region does providence evidence on

the composition of the nutrition of the people of in a given region, as we have claimed.

4.2.9. Conclusion

Important shifts in agricultural specialization shaped the economic history of Europe
over the period 1000 B.C. to 1800 A.D. As population density and urbanization
increased on the Apennine peninsula, agriculture switched from an initial specialization
in cattle and goat breeding — which implied a relatively high and egalitarian protein
supply — to a completely different system. During the Roman Imperial period, pork was

a prominent food of the urban high-income strata of society, whereas the poorer ancient

"I Preserving meat might not have been an unsurmountable problem for meat trading, even if all
strategies of ancient meat storage also led to a certain loss of nutrients; especially heating results in a
vitamins loss, salting in a protein loss. On preservation, transport and nutrition administration over time:

see Mollenhauer (1995); Peters (1998), Fellmeth (2001).
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Roman population consumed primarily vegetarian food (Souci, Fachmann, and Kraut
1994).

We tested the hypothesis that protein-rich milk and beef were major determinants
of the biological standard of living in early history just as today, and considered the
effects of cattle farming on health by using anthropometric techniques, based on a
sample containing information on more than 2 million animal bones. A number of
taphonomic factors were taken into consideration which had an impact on the
zooarchaeological quantification. We constructed indices of specialization for three
regions of Europe for the period of approximately the first millennium B.C. to the
second millennium A.D., with some gaps remaining in between. The share of cattle
bones turned out to have been a very important determinant of human stature
(correlating with health and longevity), being ceteris paribus an indicator of milk (and
beef) supply. Secondly, land per capita (which comes with low population density) had
an impact via productivity per agricultural worker and the benign disease environment
of low population densities.

Since earlier scholars did not take the milk/beef indicator into consideration, the
fact that the Germanic, Celtic, and Slavic populations of Northern and Eastern Europe
were taller than the Mediterranean populations was hitherto solely attributed to genetic
reasons. When we controlled for this indicator, however, statistically insignificant
dummy variable coefficients resulted for North-Eastern Europe. Hence, autochthonous
Germanic people in Germania Magna, beyond the borders of the imperium Romanum,
were taller than in the core-land of the empire because they produced and consumed
more milk and beef.

Although certain limitations of our estimates cannot be denied, we are convinced

that the approach presented in this paper could generate interesting findings in other

128



contexts as well. If we are to study the economic history of the very long run,
anthropometric and archaeozoological techniques do provide indispensable insights into

some of the central aspects of human life.
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4.3. NUTRITIONAL STATUS OF PRE-HISTORIC AND HISTORIC
EUROPE

4.3.1. Introduction

The mean height of a population is a very important proxy for human nutritional status,
and therefore welfare. This finding is independent of time, but of special importance for
pre-modern studies, as for the ancient periods there are no adequate written sources to
provide data on aspects of welfare. So how did the mean height as proxy for nutritional
status, and therefore the welfare of pre-historic, ancient and early historic Europeans
actually develop over time? Which determinants caused worse, or enhanced nutritional
status during these periods?

Up until now, anthropometric research on the nutritional status concentrated on
periods for which written sources are available and so allowed quantitative analysis.152
If one wants to study the nutritional status of populations dating in earlier periods, an
interdisciplinary approach is necessary. This is because all data (height data, as well as
data on its determinants) stems from excavations and archaeological work.'*

For the European case in the current paper, this interdisciplinary approach is utilized, to
enable a long run overview on the development of mean height beginning as far back as

pre-historic times. This includes data dating from the early Iron Age and pre-Roman

This chapter is based on a working paper: Koepke (2008a).

132 There are a few written sources from early history, but those are locally and temporally limited, and
therefore not really informative, and far from quantifyable.

'3 Despite certain limitations of the estimates due to the lack of data which is unavoidable, for study
periods without quantifyable written data, one can be certain that the utitilzed methodology can engender

interesting findings in other contexts as well.
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Laténe Period (and approx. parallel Elbe-Germanic Jastorf-culture and east-Germanic
Przeworsk-culture), and the following periods. This allows one to examine, for
example, possible changes in nutritional status due to the expansion of the imperium
Romanum. The study comprises European data from the eighth century B.C. to the 18"
century A.D.

In this study, we tackle questions such as: how important were periods of war or
epidemics for changing mean height? How important is population density (land per
capita) and urbanization? Does the development of the cattle bone rate (as estimated by
archaeozoologists) support a nutrition-based explanation for the development in mean
human height in ancient and medieval Europe? Are there differences in explaining
determinants of mean height (as indicator of the quality of nutrition) in the different
periods? Is it possible to detect an impact the expansion of the imperium Romanum might
have had on the mean height?

In order to answer these questions, the paper is structured in the following way: In
the following section a brief introduction is given to the anthropometric measure of
nutritional status by using mean height as proxy, followed by the presentation of the data
set. In section 4.3.3 the temporal development of human mean height in Europe is
described. In the subsequent part an overview of the different possible explantory
variables for this development is given. Finally, regressions are conducted to estimate the

actual impact of the possible determinants.

4.3.2. Mean Height as Indicator of Nutritional Status

Essential to the present study is the finding of biological and anthropometric research

that shows low nutritional status or net nutrition'™* leads to reduced growth during

'3 This is mainly comprised by qualitative and quantitative malnutrition, and/or a detrimental diseases
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childhood and youth (to enable the best possible body functions despite the inadequate
nutritional status), and thus results in lower adult final height (Silventoinen 2003;
Ulijaszek 2006). Consequently, the mean height of a population can be looked at as an
indicator of nutritional status.'” Nutritional status is an important measure of wellbeing;
because on the one hand it is determined by living conditions, however, on the other
hand nutritional status determines living conditions and thus is a component of welfare
(biological standard of living).

Nutritional status determines whether an individual can attain its full genetic
height potential or whether final height will be stunted, and therefore, how overall the
mean height will develop (for example see: Henry and Ulijaszek 1996; Cameron and
Demerath 2002). Chronic malnutrition, such as is found in some underdeveloped
countries today, can result in stable height, but at a shorter mean value (Malina 1990).
However, a complex run of direct and indirect determinants affects nutritional status.
These include the interaction of bio-cultural as well as natural-environmental factors, in
terms of their advantageous or unfavorable nature.

The quality of nutritional status has vast, far-reaching effects, because it results
not only in immediate consequences for health and body functions during childhood,
but also in negative upshots later on in adult life. Any type of extreme malnutrition
(under-, or over-nutrition) leads “to severe and costly physical and psychological
complications in adulthood” (Bogin 1996b, 21). In the worst case, malnutrition directly
or indirectly (if chronic) leads to higher mortality rates and lower life expectancy.

Furthermore, malnutrition can have an instantaneous impact on morbidity (Rotberg

environment, and extent of work stress.

133 ¢.g. Eveleth and Tanner 1976; Fogel et al. 1983; Komlos 1985, 1989, 1998; Gopalan 1992; Saunders
1992; Steckel 1992, 1995, 2001; WHO 1995; Floud and Harris 1997; Larsen 1997; Steckel and Floud
1997; Komlos and Baten 1998; Komlos and Cuff 1998; Baten 2000; Bogin 1999, 2001; Bogin et al. 2001,
Steckel and Rose 2002; Scott and Duncan 2002; Waldron 2006.
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2000; Gluckman and Hanson 2004b)'°°, but nutritional status during growth also affects
disease susceptibility in adulthood (for example cardiovascular, bronchial and
respiratory, or cholesterol and diabetic diseases: see Ulijaszek 1996). Additionally, the
formation of physical and cognitive body functions depends on nutritional status during
growth (e.g. Grantham-McGregor 1995): this could mean a reduced ability and
motivation to be physically and mentally active (for example, hampers the ability to
learn, which subsequently can lead to adverse adult living conditions resulting in a
‘vicious circle’). The negative effect on health, as well as cognitive and physical
strength also persists into adult age. Therefore, nutritional status influences welfare
indirectly by inducing and influencing various other important factors, which in turn
have an impact on nutritional status again, for example working capability (Stinson
2000). Inadequate nutritional status can even lead to reduced labor productivity and
lower human capital accumulation, and because of this, influences economic growth
(Fogel 1994).

Final mean height is determined by, and therefore indicates living conditions
during the growth period (mainly childhood) of the individuals comprising a population.
Nevertheless, one can assume that it reflects living conditions of contemporary adults
also, because many of the determinants affect living conditions of adults similarly to
that of children. Thus, mean height can be used as proxy for the whole population.

For this reason, the mean height of a population is an ideal proxy to estimate its
nutritional status, and a reasonably good indicator for its overall welfare. Since the
genetic height potential is relatively similar for the people in Europe (Quiroga Valle

1998) temporal or regional variation in mean height, give us hints on differences in

13 Therefore increased mortality often is not only caused by ‘pure’ starvation’, but by inadequate diet in

combination with diseases that are sometimes also conditional on nutritional quality.
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nutritional status.'”’ This is especially true for archaeological periods for which no
adequate written sources are given, as this is an essential method to analyze living
conditions. This possibility is employed in the present study to give an overall, long run

overview for pre-and early historic Europe.

4.3.3. Human Height of Pre- and Early Modern Europeans
4.3.3.1. Data Sources

One of the problems that faced us was: how can we obtain data on the mean height in
pre and early historic periods? Bone material from excavated cemeteries is the only
source to study earlier periods than those for which comprehensive written sources are
available. We collected data on 18502 humans, originating from 484 sites in Central-
Western, Mediterranean, and Northeast Europe, dating from the eighth century B.C. to
the 18" century A.D."*®

As it is impossible to specify the age of children bones thorougly enough to
interpretate height, only adult individuals are used.'” Those considered are individuals
for which the age at death and burial date are known to help reconstruct the birth date,
which we need in order to study the development of mean height (see above).
Individuals were excluded, if it was impossible to determine the dating precisely; we
considered those graves as adequately dated for which the excavators gave at least not

more than a horizon up to two centuries. Due to dating limitations it is not possile to

57 Other than on the personal individual level, differences in mean height are not the results of
differences in genetic height potential, but driven by environmental factors: see Bogin (1988), Mascie-
Taylor and Bogin (1995).

"% As part of the study these were standardized to the same longbone-to-height formula to make the
observations comparable. In some cases heights of two to 360 individuals were aggregated by previous
investigators; thus 5041 separate height numbers are available.

' This has the advantage that no additional requirements in terms of truncation techniques need.
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organize the data in conventional birth decades, such as in more modern studies; instead
the unit of analysis is restricted to the birth century. Furthermore, the study was
restricted to humans aged 23 or older at the time of death to be sure that full adult height
had been obtained. This is because the growth period can be prolonged until this age
due to inadequate nutritional status (see Komlos 1985). Additionally, only those
individuals were included which could be sexed satisfactorily.'®® The height data
provided by the previous examiners was based on different reconstruction methods;

therefore, we had to recalculate the data to make them comparable.

TABLE 11
AREAS COVERED BY THE HUMAN HEIGHT DATA SET
(NUMBER OF INDIVIDUALS)
Central-Western North-Eastern Mediterranean
Century Europe Europe Europe Total

-8 79 26 172 277
-7 8 33 140 181
-6 46 96 236 378
-5 3 10 404 417
-4 6 23 158 187
-3 39 117 34 190
-2 82 81 163
-1 41 37 114 192
1 88 217 211 516
1146 174 445 1765

3 407 181 124 712
4 1225 318 566 2109
5 222 125 468 815
6 1387 198 150 1735
7 1477 279 56 1812
8 266 787 1053
9 327 533 12 872
10 153 287 20 460
1M1 136 1423 51 1610
12 216 462 130 808
13 189 358 4 551
14 242 554 7 803
15 55 17 61 133
16 455 18 4 477
17 66 80 5 151
18 103 32 135
8464 6466 3572 18502

Sources: see Bibliography part 1

190 This means, that additionally to the “100%-certain sexed” individuals, those ones were included in the

data set, which were classified as pretty good/decent exact by the initial investigators.
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Finally, we excluded the centuries for which we could collect less than 35
individuals per major region (see Table 11).

The remaining data are given as mean height, both for men and women, and
combined using an adjustment procedure for female heights (see chapter 4.1. and 4.2.).
The data are separated into three main European regions. These are Mediterranean

Europe, Central-Western Europe, and North-Eastern Europe.'®!

4.3.3.2. Anthropometric Method: Regression Analysis

In order to study firstly, the mean height development in the long run from early Iron
Age up to modern times, and secondly, to reveal the potential determinants of mean
height development we applied regression analysis to bone data (also for the centuries
B.C.) for the first time.

To enable the study of European mean height, in a frist step regression analyses
with variables for each century (birth century “cohorts) were applied to the data on an
individual level with the aim of delineating the development of mean height (based on
time coefficients) in the course of the long run (Table 12). This method also brought the

possibility to control for social status and migration.'®® Europeans of higher social status

' We defined the borders are based on the ‘relation’ of the regions to the Roman Empire; for details see
chapter 4.1.

192 With respect to the human aspects for determination of mean height, the social status of the individuals
in a population is of special importance. It is a coercive determinant in societies with inequality. Because
socio-economic status has an important influence on mean height in early-modern times, it even has been
used to reveal status differences in past societies (Floud et al. 1990). In fact, mean height can differ even
more between different social classes of one historic population than between the elite of different
populations (Eveleth 1979; Wolanski and Siniarska 2001). Explanation is that the socio-economic status
tends to determine childhood diet and other living conditions (Gunnell et al. 1998). E.g. in the case of
ancient Mycenae the difference in stature of high class and lower strata comprised notable 6 cm, which
Angel (1984) explains with royal nutrition including “more meat protein than the average citizen got” (66).
Migration might determine mean height, because environmental living conditions in the first years of life

have the largest influence on adult height, and in comparison to autochthonous people, the migrants
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have on average a taller stature compared to the rest of the population.'® In the dataset
on whole Europe we found Germanic migrants of significantly higher mean height

compared to rest of the population.'®*

In a second step, panel data anaylsis was utilized with the aim of checking the
possible determinants affecting mean height (concurrently controlling for possible inter-

temporal heterogeneity): Weighted Least Square regressions were conducted with

165 166

dummies for the periods *~ on the major regions level (equivalent to fixed effects).

probably experienced a different environment during that phase of life. Thus, one would expect a
difference in mean height.

' Determination of social status is based on the classification schemes of the original studies by using
grave goods and similar information. If skeletons were not of higher social rank, the excavation reports
often did not find this fact worth mentioning. Therefore, dummy variables are assigned only to the cases
of middle and upper class social origin; a “lower or unknown” group was left as the constant. Therefore,
one should not over-interpret the coefficient of this social status variable. However, this variable is not
only important by itself, but is also necessary to control for the social composition and potential social
selectivity of one analyzes height trends. Although the bulk of measurements stems from burial sites that
represented all social strata, it is important to exclude the possibility of social selectivity causing height
trends as far as possible. However, it was at best, marginally significant. The impact of social status for
the whole of Europe is statistically significant (on the 10%-level): people of higher social position are
taller in mean height than the rest of the population (see Table 12, Col. 2 and 3). However, controlling for
social status for the three major European regions separately this variable has no statistically significant
impact on mean height (see Table 12, Col. 4 to 9).

1% Similar to social status it is possible to control for provenance of the buried on the basis of analyzing
small finds in the graves. On this basis dummy variables were created for being of Roman origin — in the
regression named ‘“Migrated Mediterranean” —, and being of Germanic origin — classified as “migrated
Germanic” —, in contrast to the rest of the population.

195 prehistory was separated in an early (8" - 5™ century B.C.) and a late part beginning with the 6™ B.C.
as around 500 B.C. in Central-Western Europe (and far into France, and also Spain) the change of the
Hallstatt to Laténe period took place, and approximately parallel in the North-East the Jastorf culture
arose, and on the Apennines Peninsula the Etruscans ‘entered’ their golden age after centuries of
formation. It follows the ancient period which starts differently in the different regions, but continues
approximately similarly long in any of the three major European regions until the 5™ century A.D. when
the Migration period/early medieval ages set in, followed in each region by the high and late medieval
periods, from the 10" and from thel3™ century A.D. onwards, and the modern period starting with the

16" century.
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All models are weighted by least squares to limit the danger of a wrong assesment in
case of also including centuries with a small number of observations. Additionally, to
ensure best reliable results, the centuries where we could collect less than 35 hight

observations for each region were discarded.

4.3.3.3. Development of European Mean Height from Pre- to Early
History

In figure 15, we depicted the height development in the long run from the eighth century
B.C. to the 18" century A.D., including all regions, males and females pooled. The
overall development over time is based on WLS regression on the individual level
(including all collected data), adjusted by the regional distribution. The new, enlarged
data set confirms the previous results as discussed in chapter 4.1.'¢’

In the course of this long run development, there is only a modest increase in the
mean height of about 1 cm per 2000 years. Moreover, the last observation is based on a
small number of cases; if the 180 century A.D was omitted, the trend would be even
smaller: in the course of the eighth century B.C. until the 17" century A.D. mean height
increased only about 0.6 cm per 2000 years. However, strong temporal variations can be
seen. This means that periods when people were slightly taller were continually
succeeded by periods when they were smaller. From this, we can interpret the long-term

stability of these numbers as a long duration and constraints on human welfare during

pre-industrial history.

' In all models the reference group is ‘Central-Western Europeans of the Migration Period/early
Medieval Age’. The data are weighted be regional share. Females and Males are pooled; female mean
height adjusted to male mean height; thus gender dimorphism should be controlled for.

17 In both data sets the up- and downward movements in mean height are more or less the same, however

with reduced extremes in the enlarged data set.
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FIGURE 15
HEIGHT DEVELOPMENT, 8" CENT. B.C. to 18" CENT. A.D.
(IN CM, MALE AND FEMALE)

Source: see Bibliography part 1. The level of heights was adjusted to male heights of an average
European (using the regional coefficients and weighting them with sample weights). Development over
time is based on WLS regression on the individual level, adjusted by the regional distribution. All
compiled observations considered.
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This development of the mean height in the long run can be taken as reliable, as
we made sure that there is no large bias regarding the ‘representativity’ of the
population.'®® Moreover, mean heights separated by sex move parallel (not shown here).
Furthermore, it was controlled for, and certified that the inclusion of cremations makes

no important difference in the development over time.'® Similarly, those individuals we

'8 Thus, only those cemeteries were taken into account that included the whole population and not just
some noblemen’s graves. In the archaeological literature, there are no hints on burial customs that could
have biased our results significantly: it seems to be not the case that rich and poor graves are exposed to
different preservation conditions on average for the periods and regions under study.

'“This has to be checked because the custom of cremation is not consistently distributed over time.
Although results based on the commonly used reconstruction model for cremated bones (cf Rdsing) are
combinable with inhumated bones reconstructed by the model used as algorithm basic (cf
Breitinger/Bach) (thanks for friendly communication Prof. Wahl, Landesdenkmalamt Baden-
Wuerttemberg & University Tuebingen), one has to have in mind that actually heights reconstructed on

the burned bone remains are siginficantly smaller than inhumated remains. But comparing the temporal
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included whose sex could be determined with a high degree of accuracy, albeit not
absolutely definite, to ascertain that these cases make no difference in the height
development. Also, because of a certain dating insecurity due to the archaeological basis
of the data the development, only the definite dated observations (proof dating in one
century) was compared with the development of the whole data set, to clear up possible
differences in the temporal development. The comparison elucidates that the
development moves quite similarly over the centuries. Only in some centuries the
values differ only slightly: so for example the definited dated series shows a mean
height on a very high level (sixth and seventh century A.D.) for the fifth century A.D.
already, staying on this high level until the eighth century included. Whereas in the 13t
to 15™ century A.D. the mean height is a little lower.

Since the mean height, and its temporal development, is somewhat different for
the various parts of Europe, figure 16 shows the height development for the long run
between the eighth century B.C. to the 18" century A.D. again, but independent for the
three main European regions. Again, a small increase in mean height can be seen for the
overall study period, which is strongest for the Central-Western case, and lowest for
North-Eastern Europe. Moreover, the Mediterranean region shows the strongest
variability. During the eighth to third century B.C. mean height moved quite
consistently around 168 cm in this region, while for the other two regions there too is no
trend, but the data is scarce, and the variability so large that no real information can be
taken from the data on these centuries B.C. In the last two centuries B.C. mean height

strongly declined in the Mediterranean case.'’’ During these centuries, a reduction to

development of mean height based of the whole data or solely of the inhumations, it makes no important
difference.

170 The low mean height in Mediterranean Europe in the first century B.C. is not caused by an especially
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FIGURE 16
HEIGHT DEVELOPMENT BY MAJOR REGIONS
8" CENT. B.C. to 18" CENT. A.D.
(IN CM)

Source: see Figure 1 (N >= 35)

173
172 - /\
171 oA A f
5 * N
2 170
£ 169 - .
k=)
£ 168 /-\‘\"' <
W v*
§ 167 7\./,_./ 4
*
= 166
165 - /

164 T T T T T T T T T T T T T T T T T T T T

Birth Century

—&— Central-Western Europe —&— Mediterranean Europe —a— North-Eastern Europe

some extent also can be found in Central-Western Europe. This could be explained by
the increasing expansion of the Roman Empire, which deducts manpower formerly
dedicated to food production for military recruitment (in combination with increasing
population numbers due to net immigration, for example - slaves), and additionally by
worsening climatic conditions during these centuries.'’' For the first four centuries A.D.
— the period of the imperium Romanum — mean height is quite stagnant in all regions.

Possible reasons for this are the strong population growth, distance to protein

small number of observations. And they can be directly compared to the observations dating in the first
century A.D., because all of them stem from the Roman heart land. Furthermore, our finding is in
accordance with the preliminary results by Jongman (2006), who found a similar development of an
extreme increase in ancient Roman mean height from the first century B.C. to the first century A.D.

"l See Schénwiese’s assumption about the general Northern hemisphere climatic development during

these centuries (1995).
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production, and the creation of grain-oriented supply systems in the Roman Empire,
which seems to be an indicator that the authority knew about the importance and the
necessaries of a secured supply situation. The development in the third and fourth
centuries indicates that due to political condition becoming aggravated, living
conditions worsened.'”” Nevertheless, despite the political struggles — probably due to
the (beginnings of) withdrawal of Roman imperial people to Apennine Peninsula — the
fifth century had a positive impact on the nutritional status of the provincial people in
Central-Western Europe.'” Additionally, the little increased mean height in the third
century could be explained by the impact of the Antonine plague at the end of the
second century, which reduced population pressure. The end of the Roman Empire, and
the ‘setting’ in main Migration Period result in a strong increase in height in
Mediterranean Europeans in the fifth century — the Goths and other Germanic tribes
practicing pastoralism move in, whereas in Central-Western Europe (and anyhow the
North-East) changes in husbandry were not so extreme. Mediterranean mean height
even ‘adjusts’ to the one in both other regions. This means that the Migration of People
resulted in a similar nutritional status all over Europe due to increasingly similar living
conditions.

The increasing development in nutritional status in the sixth century A.D.
presumably can be explained in particular by the proximity to protein-rich nutrition due
to the nomadic lifestyle of the migrating people, which balanced out the other
unfavorable factors after the destruction of the imperium Romanum. Additionally, the

total disintegration of the Roman world in the west, in combination with the Justinian

172 Although slightly ‘counterbalanced’, probably due to a reduction in population density.
' The finding that the increase in height is much less pronounced than according to the preliminary data
collection used for Koepke and Baten (2005a) can be explained by the high number of additionally

collected observations, which approximately doubled the number.
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plague, resulted in declining population numbers (see Figure 17), and a steep decline in
urbanization.'”*

During 1 1™ and 12" century A.D, mean height moves on a higher level in Central-
Western and especially North-Eastern Europe, but not in Mediterranean Europe. This
can be explained by the medieval climate optimum,'” taking into account that the effect
of increasing temperature could be of larger importance for the Northern regions, and
even have an opposite effect for Mediterranean Europe.

A negative effect of the so-called crises of the 14 century (Hundred Years War, Great
Famine, and the plague) cannot be seen. A reason could be that the inadequate temporal
resolution of our data, and the fact that a negative influence might have been leveled out
by a positive impact of the contemporary population density reductions (see Figure 17).

Mean height experienced a decline in the 16™ and in the 17" century, especially in

FIGURE 17
DEVELOPMENT OF POPULATION DENSITY
IN THE THREE EUROPEAN MAJOR REGIONS
Source: see text.
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17 According to the specific sources, including in particular a massive reduction in parasitism.
175 Although it was not as pronounced as previously thought, see very recent climate research (IPCC

2007, Figure 6.10).
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North-Eastern Europe. This development was probably caused by the coldest phase of
the Little Ice Age (Figure 19) (Jordan 1996).'7® Negative effects for nutritional status
also could have been resulted from the Thirty Years War, which caused a decline in
welfare due to ‘scorched earth’, and deteriorated disease environment.

Besides the temporal variations in times and regions, the overall increase of mean
height in Europe was very small over the pre-industrial centuries under discussion. This
is in agreement with the conclusion by Clark (2007) and others that during these
centuries the general population always lived on the limit of life-maintaining nutritional

status.

4.3.3.4. Variability during the Roman period

One thing of particular interest is the question of the influence of the imperium
Romanum on the people of Europe. The temporal and regional mean height
development, shown in figure 18, indicate whether, and in which direction, ancient
Roman imperialism influenced Europe.

Roman imperialism started in the Italian home country in the third century B.C., and the
region was Roman until the fifth century A.D.; Roman imperialism was expanded to
Central-Western Europe from the first century B.C. onwards, and Roman impact
remained active until the fourth century A.D. Throughout this time North-Eastern

Europe remained unaffected by the expansionism of the ancient Romans.'”” This is in

17 Unfortunately for this time we could not compile any data for Mediterranean Europe, where both the
effect of climate and war should be less pronounced.

"7 Means this region stayed free from Romanization, and was only affected by the Roman imperialism to
a negligible extent in terms of single trade contacts. Except for some, in terms of nutritional status

negligible trading contacts, and in this contest the rare foundations of emporia and military bases east of
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FIGURE 18
HEIGHT DEVELOPMENT BY MAJOR REGIONS
IN THE COURSE OF ROMAN OCCUPATION
(IN CM)

Source: see Figure 1 (N >= 35)

174

173 |

172 |

171 |

170 A - A
P el Sy .

169 | .

168 \‘\(\:,/ \e/ o

167 | \/

166 -

165
-/

164

Mean Height in cm

-3 -2 -1 1 2 3 4 5 6
Birth Century

—&— Central-Western Europe —=®— Mediterranean Europe  —a&— North-Eastern Europe

concurrence with the finding of no decisive change in North-Eastern European mean
height during the first to fourth centuries A.D. (which is the time when Roman impact
could, if at all, have been perceptible).

The temporal developments in Central-Western and Mediterranean Europe
actually give some support for the hypothesis of detrimental imperial impact.'”®

Compared to the pre-Roman period Central-Westerners had neither substantially shorter

mean height, nor a taller one. The decline in Central-Western Europe in the first century

the Rhine during the first years of the first century A.D. prior to the clades Lolliana (“battle in the
Teutoburg Forrest”, now located at Kalkriese, near Osnabriick).

That the contact was rather loose can be also seen e.g. in the spreading of agricultural techniques which
were not introduced beyond the limes.

178 Strictly speaking we would have to utilize Italian data, if we want to control for the impact of Roman
expansion on the ‘mother country’. But as our Mediterranean data mainly consists of observations from
the region ‘Mediterranean Europe’ is used here in terms of/equal to ‘centre of the imperium Romanum’.

Roman expansion within this part of Europe is somehow taken hold of by the temporal solution.
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179 1t reduced

B.C. can be explained by the negative impact of military ‘infringement
the number of laborers, and therefore food production output, but also indirectly
damaged the husbandry production. Moreover, the arrival of an additional population
reduced the available food resources per person, the army possibly bringing in new
diseases, et cetera.

The remarkably low mean height in Mediterranean Europe in the first century
B.C. can also partly be explained by a neglect of agriculture, in benefit of a focus in
supplying troops with armament, and the dispatch of men to the frontiers (and therefore
a withdrawal from local economy). However, the main impact was probably the change
from protein-intensive to grain-intensive agriculture.

The first century A.D. shows increased height in both regions — probably due to a
certain stabilization during the early Principate under Emperor Augustus (after a long
period of distress during the Roman revolution).

In the second century A.D, mean height declined again in both regions — albeit to
a lesser extent in the Mediterranean case. This seems to be astonishing at first, because
this is virtually the “heyday’-century of the imperium Romanum. However, because of
this fact there was an extremely increased population density (see Figure 17), especially
in the former comparably low populated area of Central-Western Europe. In addition
first time in European history a system of a ‘not-everyone-performing-subsistence’-
economy occurred with the result that only a part of the population ‘produced’ food,
were as the other part had to be fed, which also created a dependence of these working

180

people on wage income (Haines 2004). ™" Moreover, an increased ‘distance-to-protein’

' Due to both immediate killing of people during the primary occupation phase, and subsequent
relocating esp. of autochthonous men to prevent rebellion.
180 Which presumably, furthermore, even resulted in increasing inequality in income and wealth, and thus

aggravate the influence of food price fluctuations.
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of a large part of the population, and the increased urban rate'™'

may result in a lower
nutritional status in Central-Western Europe in particular.'® The perceived decrease in
Central-Western Europe could also be explained by similar processes, as for example
Komlos (1989; 1994) found for Austria-Hungary of the 18" century A.D.: After
initiation with Roman occupation, and in the course of Romanization, the extension of
the market integration of remote regions (a widespread street net was constructed) took
place, which probably could have had a negative impact on the nutritional status
there.'™ Except for the alteration of the established economic structure, another far-

reaching consequence of the construction of long-distance roads was the change in the

settlement structure. The creation of service enterprises for the street users also resulted

81 At the time of Roman land-grab of the formerly (around 100 B.C.) frequently existing so-called Celtic
oppida (and farms) only a small was remaining in the North-Western provinces (means Central-Western
Europe) (Reuter 2006; Zanier 2000). Along the river Rhine autochthonous people lived (see e.g. Metzler
1995). In the case of South Germany the research discussion is converse whether even a population hiatus
can be detected in the pre-occupation phase, which would have made the effect of the inclusion in the
Roman Empire and resulting population dynamics even more extreme. The very recent research opinion
(Steidl 2007) is that there were certainly autochthonous people living, although the archaeological
remains in the pre-occupation period are small. But nevertheless archaeology and archeo-bontanic pollen
analyses provide pieces of circumstantial evidence of continuity. Moreover, in particular the (early) post-
occupational remains clearly speak for a presence and survival of the autochthonous population (see e.g.
Tropaeum Alpium in La Turbie (victory monument mentioning many defeated autochthonous tribes), so-
called military diplomas mentioning Celtic origin of the soldiers etc.). Of special interest are
phenomenons like the emergence of the so-called ‘Heimstettener Gruppe’ — female graves in Celtic
tradition, with lavish folkloric costumes — in the second ‘pre-occupational’ generation, which is
interpreted as revivalistic behaviour (as reaction on the cultural shock based on the newly introduced ritu
Romanorum).

82 Eurthermore, the question arises in how far in the second century A.D. the introduction of the annona
militaris (payment of the soldiers in non-monetary form, but food rations, equipment etc.) had a negative
impact. This was the case in these regions, where the military was based, and where the local people were
in charge of the supply of the soldiers. Kloft (2006, 116) presumes that these compulsory levies (esp. in
combination with further rigid tax policies) caused distress and misery in the civilian population.

' Due to the integration transaction and transport costs decreased, and a high percentage of the locally
produced high-quality food was withdrawn from the rural autochthonous population and sold to

townsfolk and armed services.
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in the growth of already existing settlements as well as the emergence of new
settlements, which in turn had an impact on increased population density — and all the
succeeding factors influenced nutritional status negatively. A possible explanation for
the situation in Mediterranean Europe, where height was declining less, could be that
the ancient Roman elites were incumbent in providing their home towns with ‘acts of
generosity’ in order to gain further personal political achievement. To finance this it was
necessary to increase personal wealth, which “might in itself have significant
consequences for the agricultural structures of the territory, as landowners sought to
maximize revenue, exploit estate more intensively, or adopt new methods of farming”
(Patterson 2006, 266).

In the third and fourth centuries A.D. conditions stagnated. This is of interest
because, in particular, the third century A.D. is often labeled as the century of crises that
lead to the decline of the Roman Empire (Nuber 2005b).'** Therefore, we would have
expected decreased mean height due to decreased living conditions being the result of
perturbation by the turmoil in connection with the Gallic “Sonderreich” and the related
civil war. Germanic infringements and attacks on the imperium Romanum probably
caused devastation of agriculture, resulting in spreading of the woods over formerly

agrarian areas from the end of the third century A.D. onwards. Desertion, and

'8 Several archaeological findings let us assume worsened conditions. In contrast, on the Iberian
Peninsula large late Roman villas were in use still by the Visigoths (Bowden et al. 2004). But toward the
second half of the third century A.D. augmented abandonment of villae rusticae took place in Central-
Western Europe. This probably owes not only to the political changes, but also to the previously
extensive utilization of land due to an eluviation of the soil (Gaitsch 2002); the disappearance is also
detectable by the re-afforestation. Moreover, people moved back out of the open country to densely
settled hilltop sites. On the other hand, Germanic settlers start to colonize the provincial regions.
Furthermore, a transformation of the appearance of still existing towns took place from the mid third
century A.D. onwards in the Central-West, in ‘Italy’ from the fourth, and fifth century A.D. onwards
(Krause and Witschel 2006): All cities (some sooner, some later) received defense walls — that generally

enclosed a smaller area than before — to reduce the danger of invasion.
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destruction of settlements, as well as concentration of Roman forces in the affected
regions, caused other burdens of war for the local population (due to recruitment,
logistic appropriation of equipment, infringements during billeting). Nevertheless,
recent excavations indicate a period of reconstruction (for example repair measures),
which indicate that conditions could not have been more adverse.

One would expect that overall these changes decreased the biological standard of
living. However, the situation in terms of nutritional status was obviously not as bad.
The reason could be that population numbers have been reduced to a certain amount,
which still made a more or less adequate nutritional status for the remaining population
possible; in combination with a ‘back to’ proximity-to-protein agricultural emphasis.
Additionally, ‘barbaric’ attacks might have been less extreme than one could expect, as
also a mutual acculturation took place (for example Germanic mercenaries in the late
Roman army). The current archaeological, numismatic and historic sources have made

no clear statement possible.'®

What seems to be clear, according to the newest
archaeological excavations, is that there was no hiatus between remaining late Roman
and early Merovingian residents (Fingerlin 2005; Nuber 2005b).

It is remarkable that during the Roman Empire, the mean height seems to have

more or less stagnated, but begins with a strong reduction in Mediterranean Europe,

indicating that, if at all, conditions did not improve. In the Mediterranean region they

185 E.g. in the case of the Rhine-Danube-provinces the comparably high number of hoards dating in the
third and fourth century A.D., which could be located by archaeologists on the one hand speak for the fact
that the former owner presumably died in the course of a raid (because otherwise he/she would have
recovered his possessions some day), on the other hand these findings do not indicate how bad the attacks
actually had been. Similarly, the findings of contaminated wells (at least in case carcasses were used for
this purpose) can be interpreted differently: as indeed destructed by the enemy, or spoiled by the former
owner to leave behind conditions as worse as possible for incoming Germanic settlers (Alamanni) when

heading South.
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were clearly worse compared with the eighth to fourth centuries B.C., and the later
period (see Figure 16).

The generally small variation between the first and fourth centuries A.D. is similar
in all regions, also in North-Eastern Europe, which had no Roman influence. Hence,
other factors, such as climate, or disease environment, might have had the strongest
effect.

Also remarkable is the development of mean height in the fifth century A.D:
there is no real change in Central-Western, and North-Eastern Europe before the sixth
century. However, a very pronounced increase occurs in Mediterranean mean height.
This indicates that after the decline of the imperium Romanum nutritional status of the
former Roman heartland improved, probably due to the renewed proximity-to-animal
protein, which was introduced by the invaders who brought with them their agricultural
system (Hirschfelder 2005, 96 f.). Correspondingly, mean height is the same in all three
major regions in the fifth century, being the ‘climax’-phase of the Migration Period,

which resulted in equal economic conditions all over Europe.

4.3.4. Potential Variables Explaining Mean Height
Nutritional status is shaped not only by diet conditions, but also by health environment,
and workload. Thus, a wide range of determinants can have an impact on the quality of
nutritional status of a population, and therefore can be used as possible explaining
variables of mean height.

Particularly when concentrating the study on the aspect of food provision and
consumption, one has to bear in mind that many possible causes of food poverty and
deprivation exist, other than food shortage. Recent research on famine has found that

massive hunger crises often arise despite aggregate food supplies being no less adequate
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than usual (see especially the work of Amartya Sen). Underlying reasons for temporal
and regional differences in nutritional status of a population can be (other than from a
shortage of food) a variation in the lack of access to food for people of different social
groups within a population. Lack of food may result from general environmental
conditions that can cause production shortfalls and thus food shortages: anything from
climatic conditions — or even short time weather — as far as political problems. Lack of
access to food results from varying attitude towards different groups in different
societies, and can also arise within a household. For example, gender inequality will
result in unequal support and allocation between the concerned groups, with an effect,
which might vary in different populations (see chapter 4.4.).

A conglomerate of various factors influences nutritional status, and thus mean
height. These can be natural, population development-related, socio-economic, cultural,
society-dependent, political determinants. In the following, those determinants are
discussed that could be of relevance on the one hand, and for which it is possible to gain

information despite the study period on the other hand.

4.3.4.1. Natural Factors
Natural factors are divided into regional effects, for example: extreme altitude and

climatic effects.'®¢

However, since the populations examined in this paper come from
similar environments these factors can be seen to have little or equal effects on the

populations.'®’

'% Basic height in populations living in polar or tropical climates is adjusted in terms of adjusted body
surface for a thermal-balance uphold: being shorter respectively longer to minimize respectively
maximize heat loss population in Polar Regions (Jurmain 2000, 423 ff.).

'87 A natural variable, which could cause regional differences is the extent of navigable water ways in a
region, providing a special situation in terms of trading connections and thus food supply. But it cannot be

tested for the effect of this variable in this study, because it is not possible to reconstruct which smaller
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What, furthermore, could have made a difference by region, are the soil conditions
(indirectly affecting mean height due to their impact on harvest yields). Nevertheless,
these differ too locally to be measured in the context of our study, and do not differ on
average between the three large European regions. Therefore, data of informative value
are not available to test this effect.'®

Another natural factor influencing especially the quality of nutrition could be
changing climatic condition. The annual variation in precipitation and temperature
could have had an impact on the harvest and so food security. Also, the effects of
climate change can be different for various regions in Europe — despite an overall
Northern Hemisphere development — since the effects of a change may both be either
more negative or more positive, depending on the starting conditions.'® For the time
after 800 A.D, different authors have recently analyzed the overall climate change for
the Northern Hemisphere. The summation of the results has been published by IPCC
(2007). The temperature development resulting from twelve investigations is shown in
figure 19. Here, the variability and consequently the uncertainty of the temperature
curves are the dominant impression. Brazdil et al. (2005) concluded that a more precise
chronology on climate is needed. However, both the climate optimum in the Middle
Ages and the Little Ice Age can be seen. In contrast to older climate reconstructions,

according to IPCC 2007 it can be stated that the climate optimum comprises only a

rivers were usable for transport of goods. E.g. it is proven for Roman times that ,Plattboote’ (flat bottom
skiffs) were used in the Rhine region opening also shallow waterways for transport (Hockmann 1985),
but for other regions and periods the knowledge is not available.

'8 Correspondingly the attempt to use recent measures of soil quality brought no result.

"% General temperature change will have different effects for different regions: In a colder region
temperature increase will be positive (Greenland during the medieval climate optimum), while it may be
rather negative in an already warm region. The opposite holds for a temperature reduction, which even

could improve regional climate conditions with respect to food production in the Mediterranean case.
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FIGURE 19
SERIES OF NORTHERN HEMISPHERE TEMPERATURE RECONSTRUCTIONS

(after ICCP 2007)
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small temperature increase in the 11™ century A.D. More pronounced is the Little Ice
Age from the 15™ to 17" century A.D, with a temperature nadir in the 17" century that
is three times larger than the increase during the optimum.

For the time before 700 A.D, only very little climate information is available (for
details see Koepke and Baten 2005b)."° It is a widely supported hypothesis that climate
was at all times an important determinant (see Baten 2002; Grove 2002; Pfister 1988).

Koepke and Baten (2005b), see also chapter 4.1., showed that the negative impact of

1% The only little longer series are Mann and Jones (2003), and Moberg et al. (2005), with reconstructed
temperature from 133 A.D. onwards. But these data also show no significant statistical effect on overall
mean height. Climate data going much further back in time are available (IPCC 2007), but have a

resolution that is useless for this study.
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colder climate becomes perceptible from the ninth century onwards concomitant with
the increase in population numbers.""

In this study, all possible natural factors affecting a region (including basic
climate) are subsumed into dummy variables standing for the three major European
regions. The same applies to temporal changes in natural factors (including climate

changes), which are subsumed into dummies standing for the periods under study.

4.3.4.2. Agriculture

Essential for the nutritional status is the type of agriculture products, method and
technology.192 For many pre-industrial people (especially in periods of high population
numbers) grain, whether as ‘porridge’ or bread, was the dominant part in their diet
(Hirschfelder 2005, 81 ff.; Walter and Schofield 1989; Drummond and Wilbraham
1991; Stone 2006; Miedaner 2006)."* Since “meat and meat products were scarcely
present in the diet ... any element of protein ... derived from cheese, milk, and butter
must have been a particular significant addition to diet largely based on cereals”
(Woolgar 2006, 100). Consequently, we assume that what makes the difference in net

nutrition is the additional supply and thus consumption of animal protein, which also

! Additionally, short time weather may affect diet supply: Even a single frost night in late spring (when
plants are in full bloom) can destroy completely the harvest of a year. Even today under comparably
favourable conditions for agriculture — where compensating technologies are available (e.g. by fertilizers),
a series of harsh, frosty springs has a negative effect on food production. And even the inter-annual
variation of precipitation can have an impact. However, weather data do not exist for the period before the
18" century A.D.

"2 One has to have in mind that the type chosen for a region, as well as the output can be determined by
natural factors, starting from type of soil, ending with factors like weather conditions and related spread
of varmints. E.g., requirements for (acceleration of) wheat growing are long growing season and good
soil.

19 The dependency upon grains resulted in starvation due to harvest failure caused by weather extremes

(see Schofield in Woolgar et al. 2006, 247).
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applies in early history. The positive effect of milk increased due to geographic
proximity and local supply. This was due to transport limitations prior to the innovation

of refrigeration.

In recent centuries, there have been several studies (for example Baten 1999; Komlos
1998; Baten and Murray 2000; Prince and Steckel 2001) that found animal protein to be
a decisive factor for a high nutritional status, and that particularly milk makes an
essential difference in nutritional status. This is because the proteins of milk, whey and
some cheese types are of especially “high biological value, that is to say, they contain

all the amino acids essential for growth and maintenance” (Scott and Duncan 2002, 11).

FIGURE 20
CORRELATION OF CATTLE SHARE (IN %) AND MEAN HEIGHT
(IN CM, MALE AND FEMALE)
IN EUROPE
8" CENT. B.C. to 18" CENT. A.D.
Source: see text. only centuries which also included in regression (N >= 35)
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The scattergram (Figure 20) indicates a modest correlation of higher cattle share and
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higher mean height. Dairy products’ “availability was closely linked to the scale of
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livestock husbandry” (Woolgar 2006, 94). The question remains whether its effect is
also significantly visible in the very long run pre- and early historic data.'"”* Did the
development in milk and beef availability support an explanation for differences
between major regions? Interestingly, several ancient authors (for example Tacitus, see
chapter 4.2.) mentioned (in contrast to the ‘“civilized” consumption habits of their
Mediterranean contemporaries) that the Germanic tribes regularly consumed large
amounts of meat and milk'®. This started with Poseidonius (approx. 80 B.C.), who
passed on that the Germanic people enjoy “per extremity” grilled meat and drink milk
(and un-mixed wine) with it for their daily main meal."”® Likewise, Tacitus (Germania
5,1), and Caesar (de bello Gallico 6,35,6) emphasized that Germania Magna is rich in
cattle, as all the German tribes’ pride are their cattle herd sizes (numbers of rather than
dimensions) (Thiiry 1980). In agreement with this argument, particularly the milk giving
cow is registered in the leges Barbarorum (e.g. in the L Bai IX,2, see Weber 1985) of
the Germanic tribes dating from the end of the fifth to the end of the eighth century
A.D."7 In contrast, traction power seems to have been the main motivation for cattle
husbandry in the heartland of the imperium Romanum — and subsequent to

Romanization, perhaps also in some of the Northern provinces. Likewise, several

1% As Koepke and Baten discussed the ‘milk-question’, and linked questions (like lactose intolerance,
production and consumption possibilities) in detail already in an earlier paper (Koepke and Baten 2007),
here a synopsis is delineated.

195 Additionally, also butter was — in contrast to the Northwestern provinces — not consumed as food on
the Apennines Peninsula (only used as unguent); instead olive oil was the only fat in use, which was also
introduced, and widely spread, outside the Roman mother country in the course of Romanization (Thiiry
2007, 34).

196 poseidonius, book 30.

7 Other predications on the exploitation of domestic animals are not given in these texts (except for hen

eggs, which naturally cannot be analyzed in an archaeology based study).
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authors emphasize the special value of large animals, particularly for traction power (for
example. Cassiodorus, variae 3,50)."

To study regional and temporal supply differences in animal husbandry
zooarchaeological data were utilized. As it is commonly performed in faunal remains
quantification, here the relative proportions of the different species in archaeological
assemblages are used in order to extrapolate the relative importance of each species. In
the same way, we use the share of cattle bones as a percentage in respect to the total
animal share (the means of cattle, pigs, and sheep/goats) as proxy for milk/beef supply.
Cattle share is usable as an indicator because on the one hand taphonomic biases tend to
affect the total number of surviving bones, but not the shares of large animal types. On
the other hand, changes in the relative composition of cattle bones in general reflect
milk consumption. This is because several different sources indicate that cattle have
always (at least to some extent) been used for milk production (Crabtree 1996; Seetah
2005); from medieval written sources it is known that “cream and butter were produced
primarily from cow’s milk” (Woolgar 2006, 95). Furthermore, in general'” the use of
cattle for meat production was less important than its use for milk production due to its
much lower efficiency in terms of protein gain, and the stronger influence of milk
availability on regional human nutrition. The third important fact that we can assume, is

that the animal products were actually consumed in the region where their bone remains

were excavated.

1% But nevertheless we can presume that even in the Roman case milk (other than cattle meat) was
somehow seen as a product of interest in cattle husbandry — consulting esp. Plinius the O. (naturalis
historia 8,179), who stresses that the milk efficiency (and working capacity) even of the autochthonous
cows was remarkable (actually highest) despite their smaller size.

19 Although some temporal and regional differences in the aim of cattle husbandry arose in the course of
the long run, means especially the utilization of cattle as draft animals for grain production in Roman

times.
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So, what is the actual impact of regional differences, and temporal changes in
husbandry in pre- to early historic Europe? The levels of cattle share are different for
the major regions (see chapter 4.2.). The lowest cattle share is found in Mediterranean
Europe, including an extreme decline that occurred during the centuries before the
turn of the eras. After the first century A.D. the cattle bone share stagnated on a low
level until the sixth century A.D. The highest cattle share is found in North-Eastern
Europe, with only a slight decrease over the course of the centuries. Central-Western
Europe lies “in between”, with a substantial increase from the third century B.C.
onwards was followed by stagnation in the cattle share from the second until the sixth
century A.D., and a decline afterwards. Overall, the Mediterranean cattle share was
constantly lower than the Central-Western one, with the share in North-Eastern

Europe ranking highest.””

Another aspect that we analyzed as an explanation for human mean height is cattle

201

plague.”" Even today, cattle plague causes devastation of livestock, resulting in heavy

29 When comparing the development of of the domestic animals species by regions (not shown), it can be
found that in all three parts of Europe, the pig and cattle share developed more or less antipodally,
whereas the sheep/goat share developed ‘independently’ and was overall relatively stable. Although the
Romans substituted beef with pork the overall meat consumption was still relatively high in the Roman
Empire (e.g. Jongman 2007) — albeit not necessarily per capita. Cattle husbandry provided particularly
important advantages in terms of proximity to milk production, and based our results not directly on meat
per capita values. By levels of absolute bone numbers, it can be conducted that the diet of the
Mediterranean region with its high population density was probably marked by much lower overall meat
consumption. The Mediterranean population was larger; and in the Mediterranean, only one seventh of
the Central-Western Europe bone number was found, for the first century A.D. For the second century
and thereafter, the gap is even wider. A part of this gap can certainly be explained by taphonomic
distortions. It is unlikely that the Mediterranean population consumed more meat per capita than the
Central-Western Europeans. The differential of pig bone levels is much smaller (only 1:3 in favour of
Central-Western Europe in the first century A.D., and about 1:4 in per capita terms), whereas the
differential of cattle bones is almost 1:20.

21 See Spinage (2003). It is ,,an acute febrile disease resulting in mortality of almost 100% with strains of

different degree of virulence* (Barret and Rossiter 1999, 91).
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economic losses. Even more one would presume that periods of livestock disease (not
only cattle, but also other large ruminants can be affected) had a negative effect on the
supply situation of animal protein and milk, as well draft power (and main source of

292y when no effective vaccine was available.”” First descriptions of cattle

fertilizer
plague and its effects stem from the Roman times.”** Since the effect of cattle plague
could be independent from cattle share, we created a relevant determinant in the form of
a dummy variable in order to test the impact of cattle plague in each major European
region. We based this on the data collected by Spinage (2003, esp. 81 ff.): 1 for

centuries of known ‘regional large-scale’ disease prevalence, 0 for disease free

centuries.

Improvements of cultivation methods could have an impact on nutritional status.
However, most methods, like intensification of irrigation, the invention of the artificial
manuring (1809), steam engine, the potato, or different steps in medical improvement
only came about to be in regular use after the period under study here. Thus, the only
potential variable from this group is the three-field crop rotation system.

This method meant the introduction of summer and winter crops, and also the
beginning of fallow fields (Kiister 2006) that led to soil regeneration as well as effective
weed killing that was possible for the first time, and so this could have resulted in an

increased productivity.”®> A controversy is going on, whether the three field rotation

292 Furthermore marling, lime, and conflagrative fertilizer were utilized; from the 13" century onwards
ash was scattered about the fields (Comet 2000, 161). But none of these methods came near to the effect
of modern fertilizer.

23 According Barret and Rossiter (1999, 102) e.g. in the 19" century the loss of a very large part of cattle
stock resulted in the incapacity to till the land which “led directly to the great Ethiopian famine of 1880-
1892”.

294 Barrett and Rossiter (1999).

295 A higher output due to an advanced agricultural exploitation of preset natural conditions — esp. in
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technology can be seen as a revolutionary novelty or not. Research debates in particular
whether the crop rotation at an agricultural area in use resulted in an increase in the

quality of the output (see, for example, Grupe 2003; contrary Comet 2000).%%

Despite
this research debate, the introduction of the three-field rotation technique certainly
brought important improvements due to the ‘dispersion’ of risk factors over more
seasons, and crop types (new diversity). In particular, it enabled a provision of the
livestock with fodder grain (oat) and grazing possibility on the fallow land — whereas
heretofore pastures were lost due to the shift to grain cultivation; regular quality food
increases the milk production of cows. Therefore, one would imagine that the three field
rotation technology improved nutritional status, because this innovation somehow
enabled enhanced food production.’”” Is an impact on nutritional status visible in
realitas? Did the agricultural-technological invention affect the provision of the
livestock with fodder sufficiently enough, to produce more animal protein, resulting in a
higher average nutritional status? Or was this improvement “eaten up” by subsequent
population growth?

To test these different aspects a “three-field rotation”-dummy was created for the
1" century onwards: with 0 standing for ‘untouched’ centuries, and 1 standing for for

the 11" century A.D. onwards, when three field rotation certainly was in common,

widespread use.

combination with the introduction of the so-called ,Flurzwang’ to yield larger surpluses, which could
delivered to the towns — presumes e.g. Schultz-Klinken (1981).

% Furthermore, it becomes not clear from the literature whether improvements in pre-industrial food
production immediately cause a counterbalancing increase in population numbers, or whether the
innovations are only initiated due to the prior occurred increase in population density (Boserup 1983;
Cohen 1989; in contrast to Floud 1983).

27 ¢.g. Wiese and Zils (1987) 38.
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4.3.4.3. Other Economic Aspects

It is to be expected that population density — region-specific population numbers, as
well as concentration in settlements (urban rate) — has an impact on nutritional status
due to several factors. For instance, Cohen and Armelagos (Cohen and Armelagos 1984;
Cohen 1989), or Steckel and Rose (2002) emphasize how the detrimental impact of
‘civilization’ on health and nutrition quality developed over time. For example, Maat
(2003) confirmed this for the Netherlands (s.a. Brothwell 2003).

In pre-industrial societies, higher population density results on the one hand in
land to labor ratio changes, which in turn result in declining marginal labor productivity.
In Malthusian terms (Malthus 1798) this means less food per capita; if population
numbers outweigh the available food due to the decreasing marginal product, this will
result in a demographic disaster. However, on the other hand, it results in a higher
infection rate. It also causes changes in agricultural production, which again reduces the
availability of food (see chapter 4.2.). Likewise, Woolgar et al. (2006, 268), and also
Dyer (1998) found in the case of Medieval England: “As the population increased,
quantities of livestock per capita diminished ... This decreased productivity of
agricultural land and animal husbandry, restricting for many both the variety of diet and
amounts of food — and at some points, leading to starvation. ... After the late fourteenth
century (after the Great Famine and the Black Death) famine was a far less significant
element ... and the pattern of diet was considerably improved, with a greater availability
of meat and dairy products”.>”® One also has to contemplate the problem of the “vicious
circles” of endogenity: for example the dilemma of overpopulation, which was reached
towards the end of the 13™ century A.D. in Central Europe (relative to the existing

abilities in food production), which resulted in permanent settlements in regions being

2% Dyer 1998, 70 f.
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(rather) unsuitable for agricultural production. This, in turn resulted in considerable
impacts on “the local ecosystems ... and ... accompanying alterations of the landscape

with its fauna and flora” (Grupe 2003, 281).

Furthermore, it is to be supposed that in particular the increasing urban rate had a
negative impact, because it implies a higher percentage of people living in cramped
conditions. This can result in a number of worsening factors: the concentration of
people living together closely results in a more difficult equable provision with food in
general — and urban dwellers were separated from de facto non-tradable goods, in
particular, milk. Additionally, in towns, diseases could break out more easily (due to
densely built dwellings, bad air condition and water quality), and this led to infections
spreading faster. In addition, the phenomenon of high population density also results in
high rates of refuse disposal, which in turn has an impact on the diseases environment.
In towns probably the prices for goods were higher than in the country due to transport
costs and intermediate trade; although also loans could have been higher Komlos (1998)
states that in general commodities, which result in a higher nutritional status were less
available and affordable for the average urban dweller. A further possible negative
aspect is that “high levels of violence are commonly associated with high density
living” (Scobie 1986, 433). Interestingly, the observation that cities are unhealthy places
for living can already be found in several ancient texts (listed in Nutton 2000); however,
no practical recommendations on the topic of practical improvements are added in the
early written sources. Consequently, — far from implementation approaches at a
municipal level — no concept of ‘public health’ concerning the whole community

existed (Thiiry 2001).2” Also in later centuries, “apart from exaggerated responses to

299 Exception seems to be the rule to bury the dead extra muros (Patterson 2000; Lindsay 2000); but with

respect to the missing of any other sense of settlement hygiene actually this fact can only explained by the
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lepers”, communal action to protect public health in generally was more or less crises
oriented, and not performed in advance as precautionary measures; this only began to
change from 1500 onwards (Carmichael 1995).

In comparison to modern standards, (Townsend 1979) early historic townspeople
lived in poor housing conditions (with structural defects, inadequate facilities, and
overcrowding) for example; Scobie (1986, 402) even describes the common situation as
“similar to the shacks in slums today”.

To measure population density and its change over the pre- and early historic
centuries is obviously difficult. Zimmermann (1996) begins his work on the population
density in prehistoric Europe with the remark that one has to be conscious. In some
cases, within the literature, the numerical data are contradictory because estimations for
a local area are extrapolated on larger regions, whereas according to Zimmermann, an
interpolation of given isolated information would be reasonable. Different
archaeological sources allow the estimation of population numbers, which complement
one another: in particular, frequency of settlement sites (with the number of residential
buildings within), and frequency of cemeteries (and number of buried individuals
within).?'® Because it is impossible to find (and furthermore completely excavate) all
permanent settlements and cemeteries of a period, the resulting approximations are
minimum estimations. Taking into account, how many people can be fed in a certain
region of known economy one gets to maximum estimations.

In order to control for population density we used data collected by McEvedy and
Jones (1988). Their work is the only one of many, which gives detailed population

estimates on all European regions for the centuries B.C. in Europe.?'! Utilizing these

Romans being frightened of wraiths.
219 Furthermore written sources or e.g. archaco-botanical pollen analyses give hints.

I The numbers given in Zimmermann (1996) are — although in parts of newer research stage — primarily
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population numbers and the size of the respective areas we reconstruct population
density for each of the three large European regions. Urbanization degree is estimated
based on data by Bairoch (1976), and Federico and Malanima (2004).>'* Hence, we used
two population-related variables to explain mean height: “Land per capita” for
depicting population density’'®, and “urban rate”. Nevertheless, we have to remember
that the data on population numbers are generally rough estimates, as is also the case
with approximation of the urban rate.

How did population density develop in the three major European regions from
eighth century B.C. until the 18" century A.D.? The development is shown in figure 17.
According to the estimates, population was by far the most heavily dense in the
Mediterranean region until the 15 century A.D., when finally the North-Eastern and
Central-Western Europe caught up. Overall, population density increased gradually in
all the three European regions until the ninth century A.D, when a strong increase set in.
Before then one marked exception is the development during the imperium Romanum
when already a dramatic increase took place (especially intense in Mediterranean

214

Europe” 7); but this incident was ‘neutralized’ with the decline of the empire. Population

density moved on a reduced level until a boost occurred from the ninth century A.D.

local estimates. Other estimates in the literature on prehistoric centuries are only discussing the whole
world as one research unit. For the centuries AD different studies exist on single periods and regions.
Looking at the ‘world level’ in all cases the estimates of McEvedy and Jones (1988) are comparably low
values, but these fit together with UN-estimates: see webpage of the U.S. census Bureau, Population
Division. Newer estimates would have been available for the later centuries; but those data was not used
here, because the combination with the data for the earlier centuries could result in some discontinuity.

?12 See Koepke and Baten (2005a).

13 1t was included in logarithmic form to account for decreasing marginal product effects (or inversely,
increasing costs of population density).

1% This development was/seem to be promoted by Roman law (introduced by emperor Augustus) that
forced women (aged 20 to 0 years), and men (aged 25 to 60 years) to be married (otherwise being subject

to an administrative fine).

164



onwards. European population in total increased at about 140% from 950 until 1300
(these are approximately 22 to 55 millions) prior to the crisis in during the 14™h century
(Comet 2000, 156). The only exception in the following, is the stagnation in the
centuries, which were negatively affected by the great plague, the Hundred Years War
et cetera. Interestingly, the Thirty Years War is not discernible in the data in terms of an
obvious decline in population numbers (see also Livi-Bacci 1991).

How did the urban rate develop in the three major European regions? As one

would expect (see Figure 21), — different than in North-Eastern Europe — in both,

FIGURE 21
DEVELOPMENT OF URBAN RATE IN THE THREE EUROPEAN MAJOR REGIONS
Source: see text.
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urban share
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Central-Western Europe, and particularly in the Mediterranean region, the urban rate
increases during the period of the Roman Empire. In the centuries afterwards,
population density experienced a decline, and then grew again all over Europe from the

tenth century onwards.
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As another determinant of possible relevance for nutritional status, we tested
periods of supra-regional wars, and prosecution if they affected large parts of the
population. We only included those that would most likely have an impact on the
nutritional status due to their duration or frequency (e.g. civil wars in Mediterranean
Europe at the end of the Roman Republic or the Thirty Years War for Central Europe).
A possible effect could be worsened nutritional status due to long time fallow fields and
scorched earth-tactics. However, better circumstances could be possible for the
survivors due to a reduction of population density to an extent that this leads to an
overall positive effect for the remaining population. As detailed information of the
‘correlates of war’ is only available for later centuries, we created a dummy-variable
named “war/prosecution”.’’> For centuries where conditions presumably affected a
European region on the whole major level the dummy was coded as 1, for the remaining
centuries the dummy was coded as 0.

Of course, diseases affecting large parts of the population also could have an
impact on the nutritional status. Various diseases existed in early historic times, and are
described in written sources, but a clear taxonomy did not exist. For example, plague’
stands for any severe disease of epidemic proportions. Ancient sources mention many
different occurrences ranging from widespread ergotism (especially in medieval periods
of distress (Willerding 1986, 248) to the Antoninian plague. Moreover, those in Roman
annals very commonly mentioned major epidemics, but the cited epidemic diseases are

actually only very rarely detectable other than in non-literary sources. In order to

215 The information is taken from www.ancientworlds.net, and

http://de.wikipedia.org/wiki/Liste_der Kriege.
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capture a possible effect of major epidemics, we created a dummy only for those

centuries in which plague epidemics predominated the environment.*'®

One of the important aspects of human-made determinants is the formation of
different genders. Consequently, gender discrimination might be of special importance
for mean height — in particular in explaining differences in average stature, if societies of
(probably) different patriarchalic structure are studied (see chapter 4.4.). Here, the degree
of gender discrimination is measured as relative height difference between males and
females (dimorphism index DI); the variable in our regression is called “gender
inequality”. The expected impact is negative.

The expansion of the imperium Romanum brought direct changes, and resulted in
indirect changes for the heartland and in the occupied regions. This caused differences
in the living conditions and welfare, and therefore presumably affected the nutritional
status of the population of people under Roman government in comparison to
populations in non-affected Europe.?'” Overall, a positive, as well as a negative impact
could have been the effect. In the case of the ‘mother country’ the expansion probably
brought changes as this was the aim of any imperialistic efforts. This involved utilizing
a new area in terms of an expanding arable land, cheap supplier of natural resources,
and labor force (soldiers and workers) and the founding of new trading bases to enhance
contact with regions further afield.

In the case of the new provinces, changes took place due to the impact of the

offensive and battles. This was followed by changes in the population density due to an

16 1t is difficult to measure the impact of epidemic periods in a comprehensive way. For alternative
strategies, see Steckel/Rose (2002).

27 It depends on the region, whether the Roman occupation was more an integrative process, or
performed as “extinctional” act: e.g. friendly trade contacts with the kingdom of Noricum, the Gallic
War, or the annihilation of Alpine tribes. For an overview on the Roman provinces see Bechert (1999),

with detailed bibliography on various aspects of military and settlement history, etc.
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influx of the army, civil servants, traders and their families, and furthered due to newly
introduced infrastructure — anything from a trading net, to water supply and public
bathing —, and habits.”'® Even the newly established administration (and law) affected
various aspects of individual and common living circumstances. In turn, this could
range from sheer population number to the process of ‘Romanization’, and related
changes in customs and techniques, as well as the economic restructuring. For example,
the introduction of organized food supply could have equalized increased population
density."

The ‘traditional’ idea of Roman sanitation and hygienic facilities is a
comparatively high standard.””” However, a closer look reveals rather inadequate

conditions as common (Scobie 1986; Thiiry 2001); baths were often unclean and

therefore unhealthy places. Furthermore, cloacae were constructed inadequately, and in

¥ To some extent a positive impact also seems possible (or a ‘counterbalancing’ effect on the overall
impact of predominant negative factors) thinking in particular of the typical Roman, in any context
regularly consumed garum (fermented fish-sauce). However, considering Asian countries were much
protein-rich seafood is consumed, only the increasing milk consumption of recent years brought the
increase in height (Takahashi 1984). Moreover, it is questionable whether the fermentation process
reduces the quality in comparison to fresh fish. Similarly, the cultivation of new crops, and diversification
of food production (Willerding 1979) might had a positive effect. Furthermore, bettered housing quality
could have had a positive impact (stone houses with heating systems common in Central-Western Europe
during Roman times, resulting in lower energy intake requirements to sustain body temperature?).

1 The Romans undertook measures to supply at least their male citizens with grain donations. — in
particular in combination with increased grain production. Although Garnsey (1998) questions whether
this support was adequate to cope the needs of the whole population, at least it could have been one factor
in helping to provide ‘stable’ food supply conditions. — But then also in medieval times urban councils
took action for supplying the population with cereals (with an economic interweaving between
countryside and towns as important basic requirement in feeding a large part of the population); Engel
(1993, 265) calls it a “kind of care policy”. Thus, the question arises whether the Roman conditions make
any differences for nutritional status in terms of caloric provision of the population.

229 As many scholars presumed, having in mind aquaeductiis, and esp. balnea and thermae of complex

technology.
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insufficient amounts.**!

Moreover, water for consumption commonly only could be
taken from public wells (Filgis 2005), for which the danger of contamination is passed
on by ancient sources (Thiiry 2001). Additionally, in Roman times people seem to have
had a much undeveloped hygiene awareness (as emphasized by Jackson 1988; Thiiry
2001). Sewage and latrines were often located near to wells, to kitchens, and even
rivers, which were used for drinking water supply. At the same time, they functioned as
garbage dumps. This resulted in a widespread spreading of parasites, which became
even more pronounced because of the common use of public latrines, resulting in a spill
of bowel diseases into vast parts of the population. According to Thiiry (2001, 54), the
circulation area of pathogens and diseases was augmented with the expansion of the
imperium Romanum.

Another important factor, which presumably also explains stagnation of height
during the Roman period, is that the exposure to lead was comparably high at that time.
The ancient Romans not only used lead water pipes, but also utilized lead in cooking
pots, beverage storage vessels, toys, cosmetics et cetera.””? This could be important
because lead is a toxin that affects growth (and thus height) negatively.**

Moreover, the impact of Rome’s conquest and ‘unification’ of formerly isolated
regions on infection conditions was of special importance (Duncan-Jones 1996;

Stannard 1993). The army’s movements and trade contacts resulted in long-distance

disease propagation affecting more people, and thus increased the severity of diseases

2! In the cities of Rome or Pompeii, households were by no means endowed with a comprehensive
channel system, or other sanitation equipment; in most of the smaller cities sewage and all other rubbish
apparently was ‘lead away’ straightaway on the streets. E.g., even from the famous Cloaca Maxima
sewage was funneled into intra-urban sections of the river Tiber.

22 see Stuart-Macadam (1991) 103: From the written sources we know that lead was even “incorporated
into wine in as many as fourteen [known] different ways as a preservative and to improve flavour”, this
may be was also the case for some foods.

2 See Stinson (2000), 434,
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with impact on the economy. For example, the Roman army spread the so-called
Antoninian plague (around 170 A.D.) over the whole empire after the Parthian War.
Mass outbreaks in military camps, on the one hand, were probably made worse by the
easy transmission of diseases (due to adverse sanitation, dense housing et cetera.). On
the other hand, ancient physicians (such as Herodianus, Hist. 6.6.2.) blame inadequate
diet as a cause; and “with such an explanatory bias, there might seem little place in
medical discourse for questions of public health and of urban pollution” (Nutton 2000,
66). At the same time, average health condition was rather meager in those days.

To test whether an overall effect of becoming/being part of the Roman Empire is
also recognizable in the mean nutritional status — and if so, in which direction the
overall impact affected mean height — we generated a dummy-variable. It is paraphrased
as being influenced by “Roman bath/technology”, being 1 for centuries and regions
belonging to the imperium Romanum and there being under Roman impact, 0 for

‘untouched’ parts.

Which of these variables were most important for the development of mean height

in pre- and early historic Europe?

4.3.5. Results: Determinants of Mean Height in Pre-Industrial Europe

In table 12 the results of different combinations of the variables are presented (the
coefficients and p-values of each model are displayed in two adjoined columns). The
conducted panel regression models are discussed in the following. As a reference
group we employed Central-Western Europeans of the Migration Period/early Middle

Ages, because this is the best represented group in the data set.
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To start, we look at a model including all possible variables (Table 13, col. 2 and
3).** This model has an explanatory power of 49 %. In this case none of the possible
variables has a statistically significant impact.”*> Exceptions are the period dummies
standing for late prehistory and antiquity; both are statistically significant — on the
5%-, and the 1%-level; in both periods people were on average smaller in height than
during the reference group.””® In terms of economic significance,”*’ higher cattle
share results in a 0.59 cm increase in height, whereas the estimated log land per
capita is also economically insignificant (see Table 13).

If we do not control for cattle share and land per capita, the adjusted R, is 0.43,
and the regional dummy ‘denominating’ Mediterranean Europe becomes statistically
significant on the 5%-level (Table 13, col. 4 and 5)**®: Overall, Mediterranean
Europeans were smaller in height than the people stemming from the other European

regions. These regional differences in mean height indicate inequality in the nutritional

% We included all discussed variables except for climate, as data on this variable only cover the centuries
A.D., whereas we have (as describe above) a much better temporal composition in height data. In a model
were the climate variable was included (not shown here) the former finding could be varified that warmer
temperature is of no siginifcant importance for overall mean height in the long run. That even the
Medieval climatic optimum had no siginifcant positve impact probably can be explained by the
contemporaneously extremely increasing number of population.

** Even innovative changes in the cultivation method make no change. Probable explanation for the
missing effect of the utilization of ‘three-field rotation’ is presumably the paralelly exponential increase
in population numbers. Controlling for changes in the cultivation methods solely we found this
determinant to have a positive impact on the long run height development: it is statistically siginifcant on
the 1% -level (not shown).

226 A possible explanation, which we unfortunately cannot test at this stage of climatological research (see
above), is the comparably detrimental climate in comparison to the reference group; at least for the pre-
historic period climatologist give a first assumption that climate was presumably comparably bad; this
could be also the case for antiquity, as their presumption that climatic conditions were rather good
concern the later Roman period from the second century A.D. onwards.

2" Multiplied with the standard deviation.

28 If we exclude only cattle share from the model the ‘Mediterranean Europe’-dummy also becomes

statistically significant, but on the 10%-level. Moreover, the adjusted R, decreases a little.
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DETERMINANTS OF MALE AND FEMALE HEIGHT

TABLE 12
THREE REGRESSIONS

IN THE THREE PARTS OF EUROPE

1 2 3 4 5 6 7 8 9

Region Whole Europe Central-Western Mediterranean North-Eastern

Europe Europe Europe

Constant 159.08 0.00|  159.09 0.00| 159.71 0.00|  160.60 0.00

Status mid/high 0.50 0.09 0.11 0.79 -0.43 0.79 0.58 0.37

Male 8.01 0.00 8.09 0.00 6.75 0.00 8.23 0.00

Migr. Mediterr. -1.42 0.15 -1.44 0.16

Migr. Germanic 0.63 0.09 0.71 0.20 0.25 0.67 2.57 0.31

Centuries:
-8 1.08 0.01 2.72 0.00 1.10 0.05 -6.90 0.00
-7 1.93 0.00 0.37 0.82 2.51 0.00 1.41 0.34
-6 0.53 0.25 -1.60 0.04 2.24 0.00 -0.77 0.46
-5 1.31 0.02 2.80 0.29 1.88 0.00 -4.44 0.04
-4 0.58 0.35 -2.51 0.18 1.77 0.02 -1.99 0.18
-3 1.49 0.00 1.09 0.18 1.98 0.01 0. 0.30
) -0.17 0.77 0.82 0.26 2.2 0.02
-1 -0.97 0.08 -0.28 0.72 -2.13 0.02 -0.78 0.55
1 0.77 0.03 1.09 0.05 0.28 0.72 0.01 0.99
2
3 0.99 0.00 1.18 0.00 0.35 0.57 0.52 0.45
4 0.89 0.00 1.00 0.00 0.43 0.47 -0.02 0.98
5 1.50 0.00 1.25 0.00 3.27 0.00 0.12 0.87
6 2.51 0.00 291 0.00 2.37 0.00 0.72 0.29
7 2.43 0.00 2.61 0.00 2.29 0.03 0.17 0.86
8 1.64 0.00 0.72 0.09 1.63 0.01
9 1.60 0.00 1.51 0.01 2.64 0.16 0.78 0.24
10 0.92 0.02 0.25 0.63 3.72 0.00 0.77 0.33
11 2.03 0.00 1.55 0.05 4.05 0.00 1.11 0.06
12 2.21 0.00 1.23 0.10 1.54 0.10 1.81 0.01
13 1.14 0.00 1.69 0.07 -2.03 0.33 0.27 0.69
14 1.46 0.00 1.94 0.01 6.41 0.00 0.09 0.91
15 1.71 0.04 4.41 0.01 2.51 0.02 -2.50 0.12
16 1.92 0.00 1.69 0.01 6.56 0.01 2.34 0.23
17 0.22 0.71 1.66 0.06 3.56 0.15 -2.16 0.02
18 2.30 0.02 2.63 0.04 1.06 0.50

Rhine, South 1.27 0.00 1.20 0.00

Rhine, North 0.88 0.02 8.66 0.09

UK 1.75 0.00 1.48 0.00

Northern Eur. 2.24 0.00

Eastern Eur. 0.77 0.00 -1.34 0.00

Mediterranean 0.26 0.25

Adj.R? 0.52 0.51 0.58 0.54

N (original) 18502 8464 3572 6466

P-Values in columns 3, 5, 7, 9 in italics. The constants refer to a Bavarian/Austrian (col. 2-5), a
not further specified Mediterranean (col. 6/7), and an Eastern European (col. 8/9).

172




status, which is specified by the missing impact of the two excluded variables
resulting in the height gap. Both factors subsume the benefical aspects of a pastoral
economy, as Sandberg and Steckel (1987), Haines (1998), Prince and Steckel (2001),
or Moradi and Baten (2005) found. The two variables of cattle share and land per
capita are proxy for proximity-to-protein, and comparably good epidemiological
environment, which are not given in the Mediterranean region to a similar extent such
as in the other parts of Europe. This is because there agriculture is less specialized in
cattle farming, which caused the negative effects of lower milk-supply, and coherent
inequality effects due to the untradability of milk. Similarly, agricultural emphasis in
cattle husbandry came into effect particularly for the local nutrition if population
density was low, and as a consequence if land per capita was high. This finding is of
special importance, because it confutes the assumption of the previous
anthropological literature, which took for granted ‘“racial” differences between
different European populations, and explained height differences between
Mediterranean populations and North-Eastern European populations by different
genetic potentials. Thus, we have the confirmation also for the long run, which could
be found for early modern Europe before (Komlos et al. 2003, Quiroga Valle 1998).

As a third model variation (Table 13., col. 6 and 7) only the two crucial variables:
cattle share, and land per capita,* are utilized to test for their specific impact. In this
model (adj.R? of 0.30) cattle share is positively statistically significant on the 1%-level,
and in terms of economic significance, an additional standard deviation of cattle share

implies 0.72 additional centimeters in height. But for the long run data from the eighth

229 Results are more or less the same, it does not matter whether gender inequality is included or not.
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TABLE 13
FOUR REGRESSIONS: DETERMINANTS OF HEIGHT

1 2 3 4 5 6 7 8 9 10 11 12 13
Constant 167.51 0.00 169.63 0.00 165.95 0.00 168.57 0.00 169.02 0.00 167.41 0.00
Mediterranean 0.34 0.79 -1.10 0.02 0.26 0.82 -1.36 0.16
Europe
North-Eastern -0.12 0.86 0.44 0.25 0.02 0.96 0.03 0.96
Europe
Early Prehistory -1.61 0.23 -0.89 0.18 -1.85 0.06
Late Prehistory -1.36 0.08 -1.07 0.07 -1.56 0.01
Antiquity -1.72 0.01 -1.39 0.01 -0.75 0.21
High Medieval -0.14 0.91 -0.81 0.37 -0.05 0.96
Period
Late Medieval -1.00 0.60 -1.05 0.38 -1.19 0.38
Period
Modern -3.17 0.19 -1.70 0.19 -2.92 0.11
Cattle share 0.04 0.22 0.05 0.01 0.01 0.66 -0.01 0.80 0.04 0.01
Three-field 0.79 0.55 0.72 0.45 0.82 0.46 0.24 0.79
rotation
Cattle plague -0.07 0.89 -0.24 0.54 0.25 0.58 -0.07 0.89
Land per capita 0.31 0.82 0.20 0.70 0.1 0.90 -0.22 0.65
(log)
Urban rate -0.29 0.01
War-prosecution 0.05 0.90 -0.04 0.92 0.10 0.80 0.20 0.65
Plague -0.08 0.88 -0.09 0.86 0.27 0.59 -0.03 0.95
Gender inequality 1.22 0.30 0.53 0.59 1.67 0.15 1.20 0.24 1.51 0.21
Roman -1.46 0.02 -1.43 0.00
bath&technology
Adj.R? 0.49 0.43 0.30 0.61 0.44 0.43
N 42 52 42 42 42 43

P-Values in columns 3, 5, 7, 9, 11, 13 in italics. Weighted Least Squares Regression: number of cases adjusted for aggregated observations
using square roots. Constant refers to a hypothetical height value for the Early Middle Ages, and Central-Western Europe. Statistically
siginifcant coefficients marked grey underlayed.

174



century B.C. until the 18" century A.D. land per capita is again insignificant (also in
terms of economic significance).” For this reason, the potential contributions of the
protein proximity effect seem to be particularly important; perhaps because land per
capita did not yet matter as much for the periods B.C., or because estimates are less
precise.

To test in more detail a possible negative impact of a detrimental living conditions
in terms of epidemiological conditions and actual supply situation, we control for urban
rate in a further model level in combination with the other possible determinants (see
Table 13, col. 8 and 9).*' This model can explain 61%; here higher urban rate has a
statistically — namely the expected negative — effect on mean height (p-value 0.01).
However, none of the other variables are statistically significant except for the time-
dummies comprising both pre-historic periods (on the 5%-, and 1%-level).”> Both
regional dummies become insignificant. If we do not control for urban share.
Mediterraneans might have seemed to have lower mean height because in this region not
only less husbandry was performed, but because of the higher urban rate there, which had
the presumed associated detrimental effects. Higher urban rates ‘induce’ a bad disease
environment, and inadequate housing conditions becoming particularly common in
towns, as well as further accompanying precarious aspects such as worse hygienic
conditions. What is more, it results in an increased decoupling of the urban settlers from

the supply cycle of protein-rich food®*, which resulted in a relatively low and un-equal

2% The importance of this determinant, which was discovered in an earlier paper, counts for the centuries
A.D. — especially the ninth century onwards, when population pressure obviously became essential.

21 Except for cattle share (and In land per capita) to prevent multicolliniarity

32 A possible explanation for the statistical significance of the pre-historic periods affecting mean height
in any case could be the supposed, but by now not testable effect of worse climate conditions.

3 Food supply became less ample (in quality and quantity) due to the competition between town dwellers,

and even more extreme due to the novel introduced ratio of not in food production working people).
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protein supply for the mean population. Thus, higher urban rate influences the mean
height of the population negatively.

Finally (see Table 13, col. 10 and 11), the first model was varied by supplemeting
the ‘Roman bath&technology’-dummy instead of the time dummies in the regression
(but with all possible explaining variables considered; adj.R* is 0.44), revealing that
actually the ‘gross-effect’ of being part of the Roman Empire was a negative one: the
‘Roman bath&technology’-dummy has a statistically significant negative impact on
mean height of -1.46 cm (on a 1%-level). But again, none of the other variables turn out
to be significant. We can see that, other than the temporal development by the major
regions (discussed above) would suggest, the ‘Roman impact’ has a considerable effect
on the provinces outside the Italic heartland as well. Testing the effect of ‘being part of
the Roman Empire’ for each concerned region solely (not shown here) we found the
impact for Mediterranean Europe was more extreme than for Central-Western Europe —
correspondingly to the impression one gets, studying the temporal development.
However, the Roman influence is negatively significant in both regions.”** Also in this
version, the insignificance of the ‘Mediterranean Europe’-dummy disappears as soon as
one excludes cattle share (and land per capita) from the model (not shown).

If we control solely for the ‘Roman effect’, cattle share and land per capita (Table
13, col. 12 and 13), the former variable remains statistically significant, and additionally
cattle share becomes positively statistically siginficant (both on the 1%-level). In terms

of economic significance overall the positive impact of a higher cattle share

24 Testing the Roman impact by single region we can see that one finds the Roman impact to be also a
significantly negative one in the Central-Western case (albeit affecting mean height little less than in the
South): -1.14 cm, p-value 0.02 in Central-Western Europe, in comparison to -1.57 cm, p-value 0.01 in
Mediterranean Europe (not shown here), and as expected, no impact on North-Eastern Europe. The
Roman impact on Mediterranean Europe remains negatively significant also if we exclude the extreme

low value of the first century B.C.
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predominates the negative Roman impact: +0.6 cm versus -0.5 cm (see Table 14).

Although this regression model has a somewhat lower adjusted R, it still can explain

43% of mean height.**
TABLE 14
DESCRIPTIVE STATISTICS
1 2 3 4 5 6
N  Minimum  Maximum Mean Std. Deviation

Log land per capita 78 -3.78 -0.17 -2.15 0.77
Urban rate 78 0 19.75 4.49 5.33
Plague 78 0 1 0.15 0.36
gender inequality (relative) 56 0.26 1.35 0.95 0.20
Cattle share 53 14.64 14.64 45.04 15.79
Roman bath&technology 78 0 1 0.17 0.38
Cattle plague 78 0 1 018 0.39
War&prosecution 78 0 1 0.36 0.48
Three field rotation 78 0 1 0.31 0.47

The regressions show the expected hypotheses to be verified that higher cattle

share has a positive impact, whereas increasing urbanity, as well as ‘Roman

5 One explanation for the less detrimental impact in Central-Western Europe could be that additionally
to the specialized ‘mass production’ on the latifundia (large estates) in the “breadbasket” of Rome in the
provinces of Aegyptus and Africa, and brisk trade with the so-called North-Western provinces and the
Italian region (negotiatores cisalpini et transalpini), as well as the farther Mediterranean region, necessary
food was primarily produced in the vicinity around military and civilian settlements: A ‘net’ of villae
rusticae (farms) was established to cope with the growing demand for food (clear aim was to go beyond
the volume of production for internal consumption). It seems to have been a downright ‘colonization
program’ (Sommer 2002). Remarkably the villae (Czysz 2002) were primarily situated in areas of best
soil quality, combined with other site advantages like proximity to water resources, or good connection to
the transportation infrastructure and vicinity to the selling market (and even preference of southward
oriented hillsides) — and in these optimal locations the villae covered a region densely: see e.g. middle
Neckar river region (Nuber 2005, 272). According to the archaeological findings the agricultural
enterprises worked provitably in the North-Western provinces until the beginning of the third century
A.D. In this context one should keep in mind that it is not only the extremely increased population
density per se, with which the authorities had to cope; moreover, the first-time in European history,
people hade to cope with the newly ‘introduced’ structure that large parts of the population had to be
supplied with foods, because they were not employed in agriculture themselves, and thus dependent on

provision.
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bath&technology’ has a significantly negative impact.”>® The question of whether being
part of the Roman Empire has a negative impact on nutritional status of early historic
Europeans or not, could be clarified for the first time by an anthropometric approach.
Overall, the negative aspects of belonging to the Roman Empire outweigh any positive
aspects. In contrast to the common idea of a positive Roman impact, being part of the
Roman Empire and the accompanying changes, including any efforts made by the
administration, did not result in better living conditions. Those aspects were not
sufficient to make the Roman period an improving one in terms of height development:
Our results display a negative effect for nutritional status in the European population.’
The result that in any of the models none of the other possible determinants,
except for some of the time dummies, actually show an impact on mean height can have
different reasons. On the one hand, insignificance of the variables may result from the
vague information on the determinants, which results in rough proxies. In particular,
this holds presumably for war/prosecution and cattle plague. On the other hand,
however, the finding of no significant impact can be explained by ‘counterbalancing
effects’.”*® These might come into effect in case of war/prosecution and plague, which

in the present study cannot be differentiated due to the low temporal resolution of the

2% Because of a certain dating insecurity (due to the archaeological basis of the data) the impact of the
discussed possible determinants for only those observations, for which an exact deposit date could be
ascertained, was studied, to discard possible estimation errors. The results are very similar: The only
determinant of statistical significance is urban rate (not shown here). This also applies to the results if one
excludes heights stemming from cremation burials (which actually provide a statistically significantly
lower mean height than data from inhumations).

#7 In terms of food supply, an important factor certainly is that the concentration lay within the feeding of
people with calories to enable their surviving, whereas an adequate supply with animal protein could not
be provided.

2% For example, in the case of the “agricultural invention” dummy, the contemporary very dense
population probably can explain the missing impact. An intense research discussion is going on which of

these both factors actually was the trigger for the other one.
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data. Counterbalancing effects could be the explanation, particularly considering the
missing impact of land per capita. This indicates that in the long run the assumption of
the “Malthusian trap” might be correct: as soon as population density decreased,
nutritional status improved, which immeditaley initiated an increase in fertility rate, and
thus an increase in population density (or decrase in land per capita), which resulted in
inadequate nutritional status, and vice versa. Similarly, Scott and Duncan (2002, 15)
summarize that “density-dependent constrains (operating via exacerbated malnutrition)
reduced fertility and increased child mortality, thereby returning the community to
steady-state conditions”. However, this Malthusian ‘up and down’ cannot be analyzed
in this study due to the low temporal resolution of the data. Thus, it also could be
possible that the explanation by Boserup (1966) — that the population is always able to
feed their members — is correct. Similarly, Garnsey (1990) stated that food crises were
frequent, but not disastrous “in large part because of human anticipation and
adaptability. Secular responses to ... vulnerability of populations led to increase

”239, which seem to

agricultural production, emergency imports and food distribution
have compensated a possible negative impact of higher population density (or lower

land per capita).

4.3.6. Conclusion

To conclude, final adult height ‘subsumes’ nutritional status that is ‘composed’ chiefly
of quantity and quality of diet, disease and work load, and therefore living conditions.
This fact provides the possibility to measure differences in nutritional status by using
mean height as indicator, which enables the study of living conditions in periods for

which no adequate written sources exist, but information from physical anthropological

% Garnsey (1990) 144.
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data provided by archaeology. The anthropometric approach was employed here in
order to study the development of the biological standard of living and its determining
factors in Europe in the long run from pre-, to early modern centuries. The study period
naturally ‘induces’ some unavoidable uncertainties as a result of the archaeological
context. However, despite certain shortcomings of the estimates the study certainly
provides interesting findings — also for other contexts.

We found only a very small positive trend in mean height for the total study
period, but remarkable variations between centuries, and the three different European
major regions. This means, that the nutritional status experienced no continuous
improvement (or deterioration).

Within the context of long run mean height development the influence of the
expansion of the imperium Romanum on the European population is remarkable. In
contrast to the public idea of benefit due to ‘civilization’ the data indicate that it was of
negative impact, especially for the Mediterranean region.

Controlling for cattle share we could make the finding that overall no significant
regional inequalities in nutritional status did exist in the three major European regions:
If husbandry was present, basic human needs were met comparably well. Consequently,
the statement of earlier scholars who supposed that height differences between
Mediterranean Europeans and North-Eastern Europeans in pre- and early history were
genetic, is corrected by observations collected on these periods presented in this paper
for the first time.

A third important determinant for mean height is urban rate. The negative effect
of increased urban rate is in agreement with the idea of problems in competition for

food supply, and detrimental health conditions in pre-modern towns.
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None of the other supposed explaining determinants actually had a significant
impact on mean height in the long run. The set of endogenous variables in use (such
as animal protein availability, climate etc.) can explain up to 61% of the European
mean height development.

Aspiring after knowledge on the very long run economic history, the
interdisciplinary approach of combining anthropometry and archaeology is an ideal
method, because it makes available indispensable insights into some of the central

aspects of human life.
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4.4. THE RELATIVE STATUS OF FEMALES IN PRE- AND EARLY
HISTORIC EUROPE

4.4.1. Introduction

Females generally have a smaller mean height than males due to biological factors, but
this difference is varying due to socio-economic and cultural factors. The resulting
environmental conditions cause different nutritional status (Eveleth and Tanner 1976).
The relative height difference does not increase with mean height (Gustafsson and
Lindenfors 2004).** Based on these facts, the question is analyzed whether females had
a better or worse relative status than males in particular periods and regions of
prehistoric and ancient times. In addition, we used the survivability of females in
comparison to males in order to measure the varying impact of socio-economic and
cultural factors on the relative status of females.

The study is based on data from archaeological burial excavations that bring
information on males and females in a representative amount. This is an advantage in
comparison to most of the studies on height in early modern times where mainly men
appear in the data (such as in recruitment lists) or, if at all, only a low number of female
observations are given (such as in church books or prisoner lists). This possibility of
quantitative analyses allows us to check the quite vague image of the status of pre-, and
early historic women that one gets when considering solely archaeological small finds

(grave goods) and historical sources.

This chapter is based on a working paper: Koepke (2008b).

9 They were able to reject the hypothesis of increasing relative difference with increasing mean height
by reanalyzing data using the so-called phylogenetic method to correct for errors resulting from the study

of people of similar ancestry.
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As a result, on the one hand, an overall picture of the whole population can be
created for the centuries 800 B.C. until 1700 A.D., and on the other hand a comparing
study of males and females and of the differences in their welfare in terms of nutritional
status development can be conducted.

The paper is structured in the following way: firstly, we will give an introduction
on height dimorphism between males and females, including a detailed review and
discussion on female buffering vice versa female discrimination, and an introduction on
the so-called primary female deficit (differences in the survival rate between males and
females). Secondly, the obtained insights will be applied on skeletal material: the
development of the difference in the survival rate and the height dimorphism is studied
for pre- and early history in Europe, based on a collection of more than 18500

observations.

4.4.2. Factors of Dimorphism

The term dimorphism is defined as “having two forms”; usually it means the existence
of two distinct types within one species. Studying dimorphism in height between male
and female human beings, one can differentiate sexual and gender dimorphism. Sexual
dimorphism here is used in its meaning of physical or behavioral differences associated
with biological sex. Gender dimorphism is used in its meaning of physical or behavioral
differences caused by the environmental, cultural and socio-economic perception of
females and males: “Gender is a cultural creation (gender is not something we are, it

rather is something we do that is a result of nurture)” (Lippa 2005, 118).*!

2! Further discussion of sex versa gender see e.g. ICIMOD newsletter, cited in Reinhold (2005);

Serensen (2000, esp. 42 ff.).
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4.4.2.1. General Aspects: Dimorphism in Height and Differences in
Survivability between Males and Females

One characteristic of dimorphism in biology of humans is the difference in height,
because in general, females are smaller in mean height than males (Frayer and Wolpoff
1985). Various factors have had an influence on the extent of sexual dimorphism during
evolution with the result that the height difference in humans is relatively low in
comparison to other primates.***

Apart from the basic biological difference it has been found that mean height can
additionally vary due to socio-economic factors.*® This is called gender dimorphism:
resulting from inequitable resource allocation between the genders.

Hence, height dimorphism is determined (1) by the genes — they predefine the
potential for human height (for example the impact of sexual differences regarding the

growth hormone”**

) —, and additionally (2) in particular by environmental circumstances
— they determine the attainability of this height potential (Connellan et al. 2000) —,

which can be differentiated into the consequences of available net nutrition and its

distribution on males and females.

2 Thinking of evolution, a complex research discussion is going on, which are the most important
impacts (ontogenetic or genetic) resulting in height dimorphism (Ghesquiere et al. 1985), and in how far
sex and gender and vice versa are related (Gilchrist 1997). Various different determinants are discussed in
the literature, like male-male competition, reproductive strategies, or the women’s work hypothesis, and
task sharing between males and females etc.: Anderson 1994; Plavcan et al. 2002; Lee 2005; Thorén et
al. 2006; Nettle 2002; Ruff 1987. But “no consensus has yet emerged” (Guégan et al. 2000, 2533).

* Eveleth and Tanner 1976; Bogin 1988; Floud et al. 1990; Fogel 1994; Steckel 1995; Steckel 1998;
Komlos 1989; Komlos and Cuff 1998; Baten and Murray 1998; Boldsen and Sogaard 1998; Baten 2000;
Clarke 2000; Smith et al. 2003; Meisel and Vega 2004; Moradi and Guntupalli 2004.

2 ¢ g. Rosenfeld 2005; Seemann 2001. Before puberty, there are only small sex differences in body
shape and composition. (see also Wolanski and Antoszewska 1992). According to the current state of
research this basic sexual dimorphism in height is based mainly on the fact that in comparison to girls
boys start approximately two years later (and accordingly taller) into the adolescent growth spurt, having

a higher peak (Gaulin and Boster 1992).
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Furthermore, female-male differences in the survival rate can indicate differences
in the treatment of males and females: it is known from various studies on recent
decades (Sen 1985; Fathalla 1998; Klasen 2002; George 2006; Olds 2006; Zilberberg
2007) that immediate killing of girls with birth, or starvation to death during infancy
(feminicide), due to their disadvantageous status in societies, can reduce the number of
adult females drastically. Whereas, in contrast boys are rated much more highly

(because of their contrasting economic power in later life).

4.4.2.2. Elementary: Nutrition Effects

Adequate nutritional status (or net nutrition) has a positive impact, whereas inadequate
conditions have a negative impact on the survival rate as newborn and infant, as well as
on final height for both females and males. Temporary shortage or chronic dearth of
adequate nutrition causes retardation in growth or even stunting, and in extreme cases
can lead to death. This can result not only from immediate starvation, but also due to
gradual deterioration of the nutritional status, which also can lead to other problems, for
example, debilitation of the immune system. This is confirmed by various studies,
which found detrimental environmental conditions to have a negative impact on stature,
whereas increased nutritional and overall health levels have a positive effect on mean
height.***

If females and males have to cope with different conditions, therefore this will
affect them differently, which will result in differences in height dimorphism.
Therefore, particular fluctuations in the degree of height dimorphism are dominantly
determined by changes in environmental conditions regarding nutritional status (Al-

Dabbagh and Ebrahim 1984; Scott and Duncan 2002), which in turn is influenced by

economic as well as non-economic role differences (Serensen 2000, 99 f.). Clarke

5 Floud et al. 1990; Gray and Wolfe 1980; Eveleth and Tanner 1976; Ruff 2002; Stinson 2000.
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(2000, 85) sums up the aspects which demonstrate female neglect. Several of these
determinants do not solely result in the ‘missing females’ the author discusses, but also
in reduced female mean height, because poorer nutritional status results in reduced final
height.

An important basic finding for the current study is the result of Gustafsson and
Lindenfors (2004): They focus on the relative height diversity that is the difference
between height of males and females divided by the height of males. The ratio is used as
quantity to describe the height dimorphism, called dimorphism index. This quantity is
independent of the mean height of a population, although in any case the absolute
difference between males and females is increasing with increasing height, obviously.

The dimorphism between the sexes does not necessarily increase with increasing
stature in humans. Once a correlation between height and dimorphism can be
eliminated, the question remains, whether variations in the dimorphism index can be
explained by the female biological superiority in reacting on changes in nutritional
status, or by the dimension of socio-cultural set, gender specific differences in

nutritional status.?*°

4.4.2.3. Females, the More Robust Sex?
The idea of better buffered females — means greater stability of females against
nutritional pressures — is based on the hypothesis that the female body makes provisions

against perturbations to ensure its function in pregnancy, lactating and rearing®*’: Thus,

%6 The effect of socio-cultural determination can be pronounced due to class system with resulting social
inequality in resource allocation (see Bogin and Keep 1999); but here looking at the overall population
this aspect makes no difference.

27 If the female body actually would be more buffered in order to ensure the continued existence of the
species, overall, females should display a high(er) survival rate. Or at least, it would be sagacious in terms
of evolution that worsened conditions during pregnancy have no (extreme) detracting effect on the foetus

and infant, which even influences adult health — however, actually this is the case: see various works by
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the assumption is that in females rather than in males, height fluctuates to a lesser
degree in either direction because hormonal compensatory mechanisms act to cope with
the demands of the female role.*®

Guatelli-Steinberg and Lucacs (1999) discuss the question of female buffering by
analyzing studies of different researchers on various possible indicators of female
biological superiority showing divergent results in terms of whether it is ‘fiction or
fact’. In particular, differences between males and females in enamel hypoplasia clearly
indicate “that cultural practices of sex-biased parental investment after birth have more
powerful effects ... than does greater male vulnerability” (Guatelli-Steinberg and
Lucacs 1999, 118). However, results of the review are less clear when looking at the
long bones. Nevertheless, conforming to the later publication to of Gustafsson and

Lindenfors (2004), already Stinson (2000) in her overview on human biology, assumes

that females do not show a stronger biological buffering against stressors than males

Barker et al. (cited in Scott and Duncan 2002), De Onis et al. (1998); Wu et al. (2004); Langley-Evans
and Carrington (2006); Martin-Gronert and Ozanne (2006), Roseboom et al. (2006). In particular, (1)
preterm birth — which is an especially detrimental basic for further life — is related to low maternal pre-
pregnancy body-mass index (Merlino et al. 2006), and (2) inadequate nutritional conditions in the pre-
natal period result in small birth size, which both in turn determine neonatal morbidity and mortality
negatively (Mericq 2006). Furthermore, maternal nutrition influences lactational performance, which is
significant for the growth development after birth until weaning. The only aspect which hints towards a
somehow sensible evolution strategy is that the set in of menarche seems to be related to nutritional status
(Ong et al. 2006).

¥ For example, Ortner (1998) proceeds on the assumption that females are better buffered; however, the
author refers mainly to differences in the impact of infections on and differences in the immune response
of both sexes. But at the same time he remarks that “pregnancy is a significant cause of death in
developing countries”, thus apparently the proposed adaptive response is not sufficient. Moreover, for
example, recent studies on myocardinal infarction found that the lower number in affected females in
comparison to men can be explained by lower diagnosis probability in the former. Furthermore, “early
invention ... resulted in a beneficial effect only in men which was not seen in women” (Tillmanns et al.
2005, 375); and 30 days after a myocardinal infarction health status in women “is similar to or worse than

that of men” (Garavalia et al. 2007).
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which is in contrast to Stinson (1985) and others’ earlier assumptions.**’ Stinson (2000)
convincingly concluded that the earlier explanation that individuals of small height
(without concurrent wasting) have an advantageous position under nutritional stress due
to their lower nutrient needs cannot mean that stunting is a no-cost response to
undernutrition. Furthermore, she adds that by now no exact mechanisms are known
“that may lead to females being less sensitive”. Thus, there probably is no “natural
selection against those with certain genes but rather environmetal factors ... affect both
body size and the probablity of survival” (Stinson 2000, 454). Similarly, Stinson (1992)
came to the conclusion that the hypothesis that males are less buffered is mainly
supported by the prenatal period, but that “investigations of postnatal responses to
environmental stress have yielded much less consistent results, in large part because of
the fact that male children are given preferential treatment in many societies”.

Osmani and Sen (2003) have compellingly argued that gender inequality ceteris
paribus has a reducing effect on mean height, because female discrimination hurts both
girl’s and boy’s height if their mother lives under unfavorable nutritional conditions.
This also explains decreasing dimorphism other than less buffered males.

Therefore there may be a biological difference in ‘robustness’, but this difference
1s more than compensated by cultural factors, inducing male dominance, and thus worse

female position (instigating an ample spectrum of discrimination).

4.4.2.4. Females, the Discriminated Sex?
In general, females are exposed to more aggravating circumstances, because they are the
ones who are regularly discriminated more, in terms of nutritional and health care,

especially under overall insufficient conditions (Clarke 2000).

9 See for example: Ortner 1998; Schweich and Kniisel 2003; Frayer and Wolpoff 1985; Gray and Wolfe
1980, 1982; Stini 1969, 1972, 1975, 1982, 1985; Buffa et al. 2001.

188



Many recent studies on modern times support the ‘not better buffered females’-
theory (Neumayer and Pliimper 2007; Pliimper and Neumayer 2006; Holden and Mace
1999; Klasen 1996; Yang et al. 1996; Walker 1997; Bennett and Eisenstein 2001;
Larson et al. 2006; Chun et al. 2006; Choi and Lee 2006; Lopez-Blanco 1995). All of
them found gender discrimination to have an important impact on dimorphism in
different fields of the living standard. For example, female deficit results from gender
specific discrimination due to social atmosphere, cultural and religious impacts in the
access to food and health care, are resulting in under-supply, which brings about
excessive mortality of girls and women (Klasen 2002).>° Similarly other studies found
gender differences in health care and expenditure resulting from parents who practiced
neglect of girls (Hill et al. 1995). If one gender is treated with preference, this naturally
affects nutritional status, and therefore has a direct impact on gender dimorphism.

In the extreme worse case female neglect result in femicide, which means that
females are ‘disposed’ as children to yield resources for males™': being directly killed
shortly after birth, or during early childhood being gradually eliminated through neglect
and discrimination, resulting in fatally inadequate net nutrition.>>

Gender discrimination results in adverse conditions impinging especially on
female mean height more than on male mean height — which is tantamount to the
negative effects of gender bias in allocation (Boldsen and Sogaard 1998, esp. 472;
Baten 1999; Baten and Murray 1998, 2000; Svedberg 1990; Eveleth and Tanner 1976;

Bogin 1988; Floud et al. 1990; Fogel 1994; Steckel 1995; Steckel 1998; Baten and

% On inequality in food allocation: see also Croll (2000), and on inequality in health care e.g.:
Aldermann and Gerter (1997).

! On femicide Fathalla 1998; Oomman and Ganatra 2002; Boix and Rosenbluth 2004; George 2006;
Zilberberg 2007.

2 On infantile malnutrition as abuse, resulting in marasmus or kwashiorkor: see Piercecchi-Marti et al.

(2006).
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Murray 1998; Boldsen and Sogaard 1998; Baten 2000; Smith et al. 2003; Meisel and
Vega 2004; Moradi and Guntupalli 2004).

Particularly, gender bias in food provision favoring boys, and its subsequent
effects on growth and illness are subject of various studies. (Sabir and Ebrahim 1984;
Al-Dabbagh and Ebrahim 1984; Khuwaja et al. 2005; Hugo et al. 2001; Shah et al.
2003; Zhou et al. 2005; Baig-Ansari et al. 2006). Within this context Frongillo and
Bégin (1993) already remarked that gender bias in food intake can “be exacerbated by
conditions of seasonal scarcity, famine or chronic poverty ... [and that] in areas where
women’s economic productivity is high gender bias ... may be less common.”(189).
Similarly, more recently, Moradi and Guntupalli (forthcoming) could prove that
improved nutritional conditions influence male and female mean height in similarly
positive ways, but that aggravated nutritional conditions result in increased sexual
height dimorphism index indicating increased gender discrimination.

In more recent times the tradition of a dowry, and daughters leaving the family
(patrilocal marriage) have an effect on discrimination and neglect of females (Hill and
Ball 1999; Klasen 2002; Baten 2006; Clarke 2000). Universally valid is that, where a
“child has the potential to contribute to subsistence needs of the parents or siblings, the
child in question will be less vulnerable to the withdrawal of parental investment in
early life (be it by infanticide or reduced investment as the less-favored sex)” (Hill and
Ball 1999, 33, and correspondingly e.g. Holden and Mace 1999).

The less powerful bargaining position of females finally nowadays results in the
fact that females are ignored as protection-, and maintenance-worthy (Al Gasseer et al.
2004). For modern times, Pliimper and Neumayer (2006) found wars — in terms of their
indirect consequences on public health provision, agriculture et cetera — to have a more

negative impact on females. In addition, Neumayer and Pliimper (2007) found natural

190



disasters to result in more negative direct, as well as indirect consequences for females
. . 253
in comparison to males.

Moreover, it is important to keep in mind that discrimination practices, which
neglect girls can have serious consequences for their health that “may even jeopardize
their ability to fulfill their future roles as mothers, workers...” (Frongillo and Bégin
1993, 189), which result in a negative impact for the welfare of the overall population.

Hence, changes in environmental conditions affecting both genders differently

result in temporary-temporal or regional variations in height dimorphism.

4.4.2.5. Females in Past Times

Additional to the studies on modern times providing concurrent evidence that females
are not better buffered, instead, cultural factors determine dimorphism, qualitative
interpretation of archaeological small finds dating in early prehistory in combination
with osteological data and corresponding theoretical assessment provides information
speaking for (more) discriminated females.

However, discrimination in females did not arise until sedentariness: most recent
findings show that in pre-sedentariness periods both males and females worked in
similar and overlapping fields. There seems to be no (definite) gender separation in
hunting-gathering-societies (Hamlin 2005; Owen 2005; Bolger 2006; Brumbach and
Jarvenpa 2006; Peterson 2006). Likewise, Cohen and Bennett (1993), reviewing
different studies on health indicators in female skeletons (such as anemia symptoms),

found more beneficial conditions for hunter-gatherer women in contrast to women of

3 n these studies the effect on life expectancy in modern time is the subject, but the results certainly can
be transferred to pre-modern periods, and to all BLS representing aspects; especially as Neumayer and
Pliimper (2007, 27) found “a systematic effect of disaster strength on the gender gap ... if the disaster

affected societies, in which the socio-economic status of women is low”.
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agricultural societies (MESO).

This equality was probably the case even in horde defense: females presumably
did not only hunt to feed their children, but also defended their offspring themselves.
Likewise, one would presume a lower degree of dimorphism due to equal working
fields of females and males in the beginning of human existence. Nonetheless, what
certainly did make a difference from the very beginning of human evolution onwards is
that generally the females, in addition, had to raise their offspring (Nettle 2002). Thus,
because both males and females basically need similarly high energy input to cope with
the tasks of life, and are skilled in a similar way in obtaining food — in the case of males
a higher supply amount can be produced per person, which they can use for themselves,
or to support the females in rearing the child. Therefore, those females benefit “who are
more successful at obtaining male parental support”, in contrast to the females without
the advantage of additional supply (Wooders and van den Berg 2001).%*

If the male parental support is provided, the next factor determining dimorphism
is whether female and male offspring are treated similarly, which means whether good
‘quality food’ (and health care) is distributed equally to both male and female children
or not.

Later congregational of evolution, after hunting and gathering societies, the

situation changed from early farming societies onwards. With the emerging of sedentary

societies — accompanied by increased population density and resources running short(er)

% This is especially pronounced in hunter-gathering societies, but it is transferable to later ones (here
additionally to time, moreover money of each male is the limiting factor for the males parental support -
except for the basic limiting condition that the males do not use the achieved surplus for their own to
compete against other males); even today mothers assume greater responsibility for demanding tasks of
their children in comparison to the fathers, irrespective the basic fact of biological reality of pregnancy
(and the period until weaning) ensuring “that most mothers invest more time and energy in their babies

than fathers do”’(Lippa 2005, 245).
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— the pre-eminence of males followed (Peterson 2006, 537 ff.). For example, Bandarage
(1997, 121) concludes that “evidence from around the world shows that women in
agricultural societies came to enjoy a less favorable status than women in the band-
organized gatherer-hunter societies”. Similarly, Roosevelt (2002, 327) states that there
i1s “a strong... trend from patterns of gender equality in hunting-gathering societies to
relative inequality in state societies”.*>’

In this context it is of special interest that with the Neolithic sedentariness violent
assaults and struggles ascent: Beyneix (2007) defines the phenomenon as ‘the
beginnings of war’.

In the course of state constructions males were enabled to assert themselves, and
suppress females. The female’s equal status has been degraded by a general propagation
and finally ‘pure’ association of men to any kind of troop defense in a wider sense, and
warfare.”® Likewise, Hamilton (1982, 145) states that one “may hypothesize
differential treatment of males and females ... [to be] possibly encouraged by the
warfare” — which is backed up by Bandarage (1997), Boix and Rosenbluth (2004) and
others. Therefore, the existence of (regularly) two genders was employed to introduce

distinct power structures: this fact influences aspects such as the distribution of

resources and it establishes, in turn, social roles that again in turn are used to justify

% Gender equality means social and economic power of women, and gender-balanced ideologies;
inequality related to organized physical oppression, as well as centralized economic and political control
in societies that are oriented to value males more in comparison to females. Community, governmental
and religious organizations invent an ideology of gender-dominance in sedentary and crowded contexts.

2% In general graves with weapons provide physical anthropological material indicating that males were
buried: this is the case all over Europe, and not only for men of the Bronze period (see Reinhold 2005,
Treherne 1995); it does not matter whether taking into account early ore late Iron Age people, Romans, or
Migration period and medieval populations. Albeit the general rule naturally single exceptions are known

(Fantham et al. 1994, 274).
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inequality (and dimorphism) between men and women (Lippa 2005; Gerry and Chesson
2000, 261; Gero and Conkey 1991).

Another aspect that is discussed in the literature is whether in the course of
sedentariness, the contribution of females in agriculture declined or not, due to
intensified agriculture and technological change, which were caused by increased
population density. The introduction of the plough seems to have been an important
determinant in affecting the female status negatively: Boix and Rosenbluth (2004)
presume that it could be shown in ethnographic comparison (for example Boserup
1970) — also in pre- and early history it was mainly men who were steering the ploughs,
because this needs a lot of muscle power. For example, records from late medieval
France show that “plowing was carried out exclusively by men ...while ... women were
responsible for the smaller livestock™ (Crabtree 2006, 585). But on the other hand
women were active in many exhausting fields, in which muscle power would have been
advantageous.

Women’s “relegation” to the domestic realm followed, which further resulted in
the decline of their social status (Peterson 2006, 539): patriarchalism began. A
discussion is going on whether or not, and to what extent, females were still working in
approved/honored sectors, and thus could strengthen their relative status in the
following centuries. The debate refers to when in the course of time women were
regularly active ‘only’ in the household, including textile production, pottery, basket
making et cetera (Sherrat 1996) or whether females were additionally employed

commonly.”’

37 For example, contrary points of view are given in the literature relating animal husbandry and pastoral
production: whether mainly men worked in this field (Barfield and Chippindale 1997), or also women
were active in this field. At least for medieval Europe Women are proven to have been active in

husbandry (according to written sources especially for Early Medieval Ireland: Boyle 2004).
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Finally, this development caused a general social control and dominance over
females ‘legalized’ on an ideology of a dichotomous division of the world (male/female,
brains/body, reason/emotion et cetera), which resulted in an ideology of ‘true
womanhood’. The common mobile-immobile labor division between genders of
sedentary societies means the preponderance of men in paid work and the predominance
of women in the home “with women’s subordination to the needs of the family” (Bose
1989). Women’s property of goods and facilities were for the most part not formally
recognized in these systems. “Men gained power through the establishment of formal
military and political roles, tipping power relationships in favor of males over females”
(Roosevelt 2002, esp. 276 f.). This strengthens the male status as breadwinner, because
only chances of both partners outside the family are seen as decisive. Furthermore, this
results in more economic independence enabling them to act more autonomously —,
whereas inner-household work is not adequately appreciated in most societies (Sen
1990; Klasen 2002; Boix and Rosenbluth 2004; Ott 2002). This results in a more
powerful bargaining position of males, and therefore the status of males is seen as the
part which has to be especially supported, cared for, supplied with more food et cetera
(see Halsall 2004, esp. 302 f.). Correspondingly, Holden and Mace (1999) found height
dimorphism to be negatively correlated with the participation of females in labor force,
both in archaeological as well as in modern populations: they found women to be taller,
in relation to men, in societies where women contribute more to food production,
because the possibilities of females induce balanced parental investment. Thus, relative

height dimorphism is related to variation in sex-biased parental investment.

Correspondingly, another aspect, which indicates differences in the ‘valency’,
status and treatment of males and females, is the discrepancy in their survival rate: An

important indication of female discrimination in pre- and early historic populations is
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the phenomenon that all pre-historic and ancient populations display a so-called primary
deficit in females (Volk et al. 1988). Distinctly fewer females can be found in
archaeological context than male remains.®® This phenomenon certainly cannot be
explained on the ‘preservation level’ by sex specific difference of skeletal material®”.
Instead, the main reason for the primary female deficit is that a smaller number of adult,
mature and senile women are deposited in graves in comparison to men, because a
smaller number of females lived until this age. Similarly to modern times (in
developmental countries) the explanation for “missing women” is femicide. Because the
bone remains of children’® cannot be sex determined, the ‘equal’ existence
predominance of females cannot be identified in these age groups.

The femicide is probably mainly caused, not due to ‘conscious’ or ‘unconscious’
control mechanisms®®', but results from patriarchy, which was the common ideology
and organization of former societies. The misogynistic strategy of patriarchy results and

resulted not only in the subordination of females to male control (and thus preference of

males in all aspects of life), but in particular this also motivated fathers in wanting a

¥ Additionally, the so-called secondary deficit describes the phenomenon that fewer females of old age
can be found in skeletal material in comparison to males, and thus that females mostly died in younger
adult age due to problems in the course of parturition, and childbed fever.

29 Walker (1995) pointed out that it is possible for some sites that female bones survived in smaller
numbers, because women’s skeletons often are more gracile and more easily subject of decay. This might
be the case at a few sites, but overall this should not be a problem for Europe. Anyhow other than
according to his statement that this could be a plausible explanation for the puzzling finding, this
explanation is not required, because it is not at all ‘demographically unlikely’ that less females survived
to adult age: as shown below.

2% Fyrthermore the number of surviving children bones is comparably small due to several factors
resulting in bad preservation conditions of the very delicate bones.

%! These could be a ‘preventive check’ (femicide and debilitation of women and children by food taboos
as method of population regulation/control) and/or a ‘positive check’ (reduced fertility and increased
infant mortality during famine periods): see Scott and Duncan 2002, 15; Haidle 1997, 14 ff. Moreover,
e.g. according Freud (cited by Volk et al. 1988) another explanation could be that a woman wants to have

a son due to her heterosexual affinity.
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fully legally capable male descendant. Moreover, parents felt protected in their
retirement only if they had a male offspring. This commonly caused a ‘denial’ of
daughters, because dowries had to be invested in them, and they had no (real) economic
independence. In the case of military oriented states, such as ancient Rome, the need of
males for warfare certainly was another influencing factor (Scott and Duncan 2002, 271
ff.; see also Banderage 1997, 120 ff.).

Baten (1999) found that decreasing real wages had a negative impact on female
mean height in 19" century Bavaria, what he explains with a probable different
allocation effect between the genders: In case of a decline in real wages, at first parents
were sparing with nutrition for their female offspring, because they had a lower income
expectation for their daughter (and thus anticipated a worse provision effect at old age).

In summary, various empirical studies on modern time as well as qualitative
archaeological-osteological studies provide concurrent evidence that females are not
better buffered, and that cultural factors determine dimorphism in height and

survivability.

4.4.3. Dimorphism in Europeans from 800 B.C. until 1700 A.D.
It has been shown that human growth, and thus height, is “a cumulative record of the
nutritional and health history of a person or a population” (Bogin and Keep 1999)
reflecting the environment of living: small (respectively tall) height reflects unfavorable
(respectively favorable) environmental conditions in terms of differences in food, health
care access, and workload — it does not matter if female or male (Steckel and Rose
2002, 512; Walker and Lambert 1989).

Hence, relative differences of male to female height, as well as differences in the

ratio of male to female individuals survived until adulthood, can be used as proxy for

197



gender-biased differences. Differences in the survival rate between the genders can
detect preference, and accordingly the treatment of children.

Therefore, these quantities, relative difference of male to female height, and the
ratio between the numbers of males and females have been used to analyze the relative
status of women in pre-historic centuries up to modern Europe.

What do the pre- and early historic data indicate? How extreme was the presumed
negative effect of the patriarchic societies for females? And did the female relative

status changed in the course of the approximately last three millennia?

4.4.3.1. Female Status according to the ‘traditional’ Sources

Even though interpretation of archaeological small finds and written sources give an
idea how the position of females in society developed, only an equivocal picture of the
status of females for the periods under study can be obtained. The picture based on non-
anthropometric data is vague because no definite statement is possible: historic sources
bear the peril that they were written by the author with an intention, which results in
subjective statements, for example criticism of “barbaric Northerners” or portrayal of an
ideal to arouse ‘revitalization’ of moral values in the reader (Lorentzen 1993).
Moreover, grave goods do not show the relative position of females with respect to

males.?%?

However, probably it can be taken as a hint for male oriented societies that
male graves, in contrast to female graves, include varying goods indicating the former

owner’s position in public economic life, like physician’s utensils or a blacksmith's

262 The question is whether weaving and spinning equipment in female graves hint towards a textile craft
specialization supporting the importance respectively status of women, or if this objects can be interpreted
as indicator for their connection to the household. Chapman states that “the onset of secondary products
created new opportunities for the consolidation of economic power, but in spatially differentiated and

gender-contrasting sectors - the domus and the agrios” (Chapman 1997, 137).
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tool.”®> Furthermore, in funerary iconography, studied for Roman and provincial-Roman
regions, in contrast to men, women generally are represented mostly in domestic
context, but only very rarely “in images with allusions to occupations or any obvious
professional activity” (Larsson Lovén 2003, 66).

Considering the ‘traditional’ sources one gets the impression that females did not
experience significant status changes, except perhaps during medieval times (see

Excursus for details).”**

A more or less pronounced patriarchy seems to be the universal
scheme in the pre- and early historical societies in Europe. Like Sheffield (1989, 172)
express it — “maleness is glorified and females denigrated”. Although both males and
females had crucial economic roles for the survival of families and communities,
women’s opportunities were far more limited (Frader 2003). Nevertheless, the question
remains how the extent of the ideology inducing female’s subordination, and
accordingly gender specific discrimination was. Something else that still has to be
clarified is whether there were differences in the degree of discrimination over time, and

whether female neglect was practiced in varying intensity in the three main European

regions?

2 From a archaeological point of view it “is difficult, therefore, to find any support for the assumption
that objects ascribed to females were inherently inferior to ‘male’ objects and that female roles were
correspondingly limited and of lower status” (Bevan 1997, 82). Most often an interpretation of grave
goods has it restraints, because the, for archaeological periods, typical weapon-jewellery ‘dichotomy’
only to a limited extent can indicate social status. Despite the fact that most female graves are
supplemented with jewellery, whereas male graves include weapons (Lucy 1997) in some cases, of
course, objects interpreted as ‘typical’ male appurtenant are present in female graves (Schefzik and
Volpert 2003), of course. Moreover, often no grave goods exist.

6% At least it should be mentioned that in contrast to the public idea of emancipated Teutonic women and
more suppressed Roman women a detailed analysis of the historic sources gives a little different picture:
obviously women had a better status according to Germanic law in comparison to Roman law, but

anyhow both are patriarchic societies with women’s dominantly task being mother and not breadwinner.
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To answer these questions, in the following skeletal material from pre- and early

historic Europe is studied anthropometrically in a long run overview for the first time.**

4.4.3.2. Bones as Source of Information for Female Position

The human height in pre-historic, ancient, and medieval times can be determined from
skeletons, and even bone parts from excavated cemeteries (chapter 4.1.). The advantage
of skeletal material is that the information on formerly living adult women can be found
in the graves in the same representativeness, like men. Therefore, data for study of
gender dimorphism exist, which is not the case for many of the studies based on written
sources.

How can we distinguish male and female bones? Physical anthropological
methods have been developed to differentiate females and males biologically (see
chapter 3.2.1.): morphological diagnosis draws on sex specific differences in the scull,
and especially the pelvis (Acsadi and Nemeskeéri 1970; Cox 2001; Hermann et al. 1990;
Grupe 2005). Both skeletal parts provide several indicators; the usual method is called
“combined method”, which analyzes each indicator, and unites these for sex
determination. The results are quite reliable. Nevertheless, one has to have in mind that
the sex determination naturally has its restraints. False sex identification could under- or
overestimate size differences between the sexes. In order to provide exact interpretation
only data of precisely ascertained sex was utilized here.**®

The current study is based on a dataset utilizing the source of excavated bones;

data was compiled for three main European regions (North-East, Central-West and

25 With the research field of stable isotope ratio analysis (Schwarcz and Schoeninger 1991) the
opportunity opens up to determine nutritional differences between the sexes respectively genders.
Unfortunately, by now only very few studies are done on this subject: one was conducted by Fuller et al.
(2006) on Late Roman and sub-Roman data indicating an inadequate nutritional status in women.

2% Cremated individuals were kept included in the data, because they do not distort the results.
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South-Europe®®’) for the time between 800 B.C. and 1700 A.D. Overall, the dataset

comprises 18502 individual heights from 484 sites.”®® For the current study, only the

data were taken into account which can be definitely sexed to avoid any bias. These are

17972 individuals (see Table 15).

TABLE 15

NUMBER OF DEFINITE SEX DETERMINATED OBSERVATIONS
AND MASCULINITY INDEX (MI)

IN THE THREE PARTS OF EUROPE

? d Mi
Cent.| Central-Western Europe

-8 16 63 394
-7 3 4 133
-6 12 32 267
-5 2
-4 3 3 100
-3 13 17 131
-2 38 41 108
-1 16 24 150
1 38 35 92
2 457 643 141
3 113 232 205
4 489 674 138
5 66 132 200
6 193 1125 583
7 493 931 189
8 122 144 118
9 128 199 155
10 16 68 425
11 26 110 423
12 136 80 59
13 1 186 18600
14 68 174 256
15 55
16 117 338 289
17 66
18 103
N 8045

? 3 M1
Mediterranean Europe
74 98 132
59 81 137
141 95 67
154 249 162
57 98 172
12 20 167
33 81 245
82 128 156
151 293 194
45 78 173
238 325 137
105 363 346
63 86 137
16 39 244
7 5 71
8 12 150
9 41 456
39 91 233
2 1 50
4 3 75
32 29 91
4
1 4 400
3556

? d Mi
North-Eastern Eruope
12 14 117
12 21 175
51 45 88
9 1 11
11 12 109
52 44 85
28 50 179
4 30 750
48 150 313
48 124 258
7 109 154
77 238 309
61 62 102
65 132 203
27 252 933
303 461 152
230 303 132
117 164 140
628 785 125
193 268 139
171 187 109
172 382 222
17
1 17 1700
12 68 567
1 31 3100
6371

7 These regions have been distinguished to differentiate between regions with and without Roman

influence, with different other cultural basics, and with respect to nutritional sources and climate.

8 In some cases heights of two to 360 individuals were aggregated by previous investigators; thus 5067

separate height numbers are available now.
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The relative female status is manifested in two components: (1) gender

dimorphism in height, and (2) female deficit (as measured by the masculinity index).

(A) Mean Height and Height Dimorphism Index

As discussed above human growth and therefore height, is “a cumulative record of the
nutritional and health history of a person or a population” (Bogin and Keep 1999).

In general men are taller than women.”® The resulting correlation between female
height Hy and male height Hy,, often is given with the linear approach:

H,, = m¢ * Hr +const. (eq. 1)

As a consequence, the absolute difference in the height of males and females
increases with the mean height of the population. Rensch (1950) furthermore
proclaimed the dependence of relative dimorphism on mean height. But Gustafsson and
Lindenfors (2004), Baten (2007), and also Moradi and Guntupalli (forthcoming), show
that the relative height differences between male and female are independent from
height development (this is valid for male and female height). This means that the
influence of both sex and gender (defined as gender specific behavior, such as
discrimination) is included in the development of mean height.

To show the differences between men and women independent from the general

height of a population, a relative difference is used. This quantity is called Dimorphism

Index DI:
H_-H
DI=—2—Lx100¢ (eq. 2)
Hm
%9 1t should be mentioned that the absolute height difference between males and females is not an

indicator for dimorphism, because it depends directly on the height of the people. Both, the absolute
heights and, as a consequence the height difference, are an indicator for general nutrition, but not for

dimorphism.
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This quantity gives the difference between the height of male and female in % of male
height.
Another quantity that also does not increase if the general height of a population
increases, is the ratio
ms= H,,/ Hs. (eq.3)
Since these quantities are independent from absolute height, they are adequate to show
the effects of sexual differences. In this paper, the DI is used to describe dimorphism.
For the dimorphism index follows

~H -H;, m*H -H, m,-I

DI 4
H, m; *H, mg (ca-9)
and
m " (eq. 5)
DI cd:

The higher m¢ or DI is, the greater is the relative difference in height between men and
women.

The value of the ratio myg, and correspondingly of DI, results from the different
reaction of the sexes on the living conditions; but, of course, it can be influenced by
different nutritional status of each gender. Thus, height dimorphism between the males
and females of pre- and early history can be used as proxy for gender discrimination in
terms of nutritional status, indicating gender-biased differences in preference, according

treatment and supply allocation of children (Baten 2000; Steckel 2002).

The general overall height of full grown females and males from 800 B.C to 1700
A.D. is shown in Figure 22 with two different axes for men and woman, separated by 10

cm.
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FIGURE 22
HEIGHT DEVELOPMENT BY GENDER IN OVERALL EUROPE
8" century B.C to 18" century A.D.
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note:  only absolutely confidently sex determined observations are included.

The heights of females and males are more or less parallel over the centuries.
However, there is some variance between the height developments of women and men:
If the development of mean height for both sexes is different, this indicates changes in
the relative status of females in society. The largest differences between the height of
males and females, which indicate unfavorable position of females relatively to males
are during the sixth and fourth centuries B.C. and the seventh and eleventh century
A.D.?™ But this absolute development gives only a very rough idea of the conditions.
More exact is to look at the relative differences that is the development of the
dimorphism index DI (eq. 2)

The relative height difference between men and women results both from the
different reaction of the sexes on same nutrition (sex effect), and from the different
availability of nutrition for the genders and other socio-cultural differences determining

the final height (gender effect).

% This development fits together well with the archaeological findings: Ulrich-Bochsler (1997).
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Except for periods where one would expect no impact of gender discrimination
due to similar work fields for males and females — which is said to be the case for pre-
sedentary periods, particularly in Paleolithic hunter and gatherer-societies, as discussed
above — the difference in height between males and females, and thus the dimorphism
index is determined by both biological basic sex effect as well as gender effects.”’!

In case that no gender effect is affecting the height dimorphism, DI gives the basic
height discrepancy, which results only from the sex factor and thus is called Dlgx. This
quantity holds for the biological difference in height; and thus is independent of time
and region (in homogenous Europeans). If this basic sexual height dimorphism DIy is
known, we are able to elucidate gender effects in the data under study.

In order to reveal Dl data should be used, which on the one hand should be sex-,

but not gender-affected (see above)*’?

, and on the other hand entirely consist of homo
sapiens sapiens skeletons, which means assured non-biased by the formerly parallel
living homo neanderthalensis. The data for which this precondition are given stem from
the Early Upper-Paleolithic (EUP) dating 35.000 B.C. onwards (Aurignacien).
Naturally, the known skeletal material is extremely scarce. Moreover, commonly
Palaeolithic data is only sex and age determined, but height data is not available (see

e.g. Binant 1999). Thus, the number of height observations on this period is rather small

(N: 210, 320), but Formicola and Giannecchini (1999) give a good overview.”” To

> Overlapping, mutually influencing effects could be possible over very long time series, as part of
evolution, but this will not be the case in the time period which has been analyzed.

2 In archaeological excavations of Upper Palacolithic graves it was found that males and females were
both buried with weapons and tools: flint blades and hand axes are uniformly distributed, although hair
ornaments can be only found with females (e.g. Broglio 2006; Cocchi Genick 1994).

3 They collected the largest N, and display all available data in a detailed list, other than Frayer (1981a;
1981b), and Hermanussen (2003).
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make these data comparable to our height data their height estimates were recalculated
to the height reconstruction models by Breitinger and Bach.

After determining the basic Dl based on the EUP-data, in a next step, gender
effects can be separated as an additional effect on height development, based on the
following formula:

DI = Dlsexgend = Dlsex * Fgend (eq. 6)
The gender effect is shown by the factor Fyeng

DI

Fgend= Fsex (eq 7)

where DI is calculated by eq. 2, based on the actual height measurements that include
gender effects; and Dl is taken from the EUP data, as explained above without gender
effects..

The Fgeng has been determined for the compiled data, and used in the following to
show gender effects: Fyna = 1 means no difference between DI and Dl that is no
gender effect. Fyend < 1 means: The height difference between males and females is
reduced against pure sexual height difference. Thus, for Feenq < 1 females are relatively
taller, thus do better. And vice versa: Fyn¢ > 1 means female status is worth in

comparison to the initial situation, resulting only from genetic that is sexual differences.

(B) Masculinity Index

As mentioned above, an important indication of female discrimination in populations is
the so-called primary deficit in females. This phenomenon is especially pronounced in
all pre-historic and ancient populations (Volk et al. 1988): this means that distinctly
fewer females than males can be found in skeletal material, who reached the adult age.

To analyze this effect the masculinity index (MI) has been used:
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N
MI = —2es %100 (eq. 8)

females
which shows the number of men for every 100 women.
If MI = 100 (or slightly below’*) the data have a well balanced sex ratio, if MI < 100 a

female surplus is given, and vice versa MI > 100 represents a male surplus.

4.4.4. Results: The relative status of females in pre- and early historic
Europe

4.4.4.1. Gender Factor
The resulting Fgeng 0of the compiled data are shown in Figure 23 for different time
periods, which are taken to combine different political and socio economical effects
(chapter 4.3.) and for the three major European regions. The development of Fgeng
includes up and downs — indicating that females did better in some periods, and worse
in others — but overall no extreme variation between the single epochs can be found.
High gender effects, affecting women negatively, stem from the early Iron Age and
medium Middle Ages in North-Eastern Europe (NE), and from high Middle Ages in
Central-Western Europe (CW). Low values Fgeng, showing relatively good living
conditions for females are found for the Mediterranean Europe.

It is remarkable, that in the long run the overall development of the gender factor
Fgenda 1s increasing in Mediterranean Europe (MED) over the centuries under study,
whereas it shows a decreasing trend in both Central-Western and North-Eastern Europe
(Figure 23). This means that in contrast to the rest of Europe, Mediterranean women
lost in their relative status in the course of time. But, remarkably, despite what one

would expect due to the population density conditions, the Mediterranean woman’s

™ The values of modern MI in societies without much discrimination (Sweden etc.) are slightly below

100.
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status did not “move” on an overall low level. In contrast, the Mediterranean women (as
indicted by the low Fgeng-value) ‘start” where the North-Eastern and Central-Western
women end: by a value of approx. 0.8 (with the value of 1 given by the EUP data, as

explained above).

FIGURE 23
DEVELOPMENT OF THE GENDER EFFECT IN MEAN HEIGHT DIMORPHISM
IN THE THREE MAJOR EUROPEAN REGIONS
IN THE COURSE OF PRE-MODERN PERIODS
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note: By definition a lower gender effect and factor Fgens denotes better relative status of females (see text).
To study the development of Fgena only those individuals were taken into account, which could be
confidently sex determined; centuries were excluded, which have an N < 10 either for men or women (see
Table 15), and centuries were excluded which represent an extremely diverging masculinity index (means
M1 >300).

The female discrimination seems to be more pronounced in North-Eastern Europe
and also Central-Western Europe. Nevertheless, general regional deviations, based on
the mean value of Fgeng averaged over all centuries, show no remarkable differences in
three main European regions. In the Central-Western Europe the mean value of Fgeng 15

approx. 0.91, for North-Eastern Europe approx. 0.98 and in Mediterranean Europe
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approx. 0.88. Cultural differences became smaller during the Migration Period, as can

be seen in Figure 23 for the early Middle Ages.

The regional development of Fyeng 1S shown in Figures 24, 25 and 26 in more
detail by centuries. Here, only data on those centuries have been used, where more than
10 observations for men as well as women are available. Also in these figures the effect
of the Migration Period can be seen: during the fifth to ninth centuries A.D. in all three

major regions Fgenq 1s around a value of approximately 127

With this value, moreover,
it seems that there was no specific gender effect during this time.

One can see that in the Mediterranean (Figure 24) the female status obviously was
comparably beneficial during overall prehistory (with an exception in the fourth century
B.C.), for which Etruscan women are said to have held a particularly good status. This
is also the case in the first century B.C., the beginning of Roman occupation. A bold
explanation could be that (despite patriarchy) females had the prestigious ‘function’ as
mothers, which was of special importance in providing soldiers for the expansion of the
empire. However, in the main phase of the Roman imperial period conditions worsened.

For example, from the third century A.D. onwards, in contrast to the ancient sources

that would suggest bettered conditions for females due to the introduction of the donatio

5 This comparably low gender effect can be also explained by the fact that in pre-modern times
discrimination against females, affecting their nutritional status, could only take place in terms of diet
supply and food allocation. Other factors which are theoretically (and today) important for overall
nutritional status — like maternal education resulting in a bettered status of females, as well as in particular
different aspects of (sophisticated) health and medical care — naturally could not make a difference in the
centuries under study. In terms of food allocation it could be moreover possible that females (as esp.
closely related to housekeeping) were able to provide themselves with food during food preparation —
starting from taking milk away while milking, up to while cooking. This could have compensated
discrimination, and strengthen their nutritional status despite their overall certainly existent disadvantaged

status in the official allocation of food in comparison to males in pre- and early historic Europe.
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propter nuptias’’®, no incisive changes took place. According to the data, the gender
effect was highest in the fifth century A.D. (with an Fgeq of 1.09), becoming lower (and
thus better for women) again in the following centuries, although not reaching the mean

low level of the prehistoric centuries.

FIGURE 24
DEVELOPMENT OF THE GENDER EFFECT IN MEAN HEIGHT DIMORPHISM
IN MEDITERRANEAN EUROPE
8" century B.C to 18" century A.D.
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In Central-Western Europe (Figure 25) the highest Fgeng-value is given in the sixth
century B.C, the first century that could be analyzed. F,.q is fluctuating in the following
centuries, but falling as shown by the trend line. F,.q 1s especially low (0.73) in the
second century B.C. In the following centuries F,., had high values again, since the
early Roman Empire had a detrimental impact on the female relative status. This can be
explained by the deduction of nutritional sources due to market integration (affecting
females more, due to patriarchic structures which here were not compensated by the

importance of females in soldier ‘production’). Such high level of Fyeng 1s reached again

2 This means donations that the husband and his family had to give to the women in order to provide

bail for situations such as the case of divorce, see Excursus.
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not before, and only in the 12 century A.D., which experienced a decrease again in the
following centuries, down to the lowest level given for Central-Western Europe in the
16" century A.D. (0.71), which could be explained by the beginning Renaissance (see

Excursus).

FIGURE 25
DEVELOPMENT OF THE GENDER EFFECT IN MEAN HEIGHT DIMORPHISM
IN CENTRAL-WESTERN EUROPE
8" century B.C to 18" century A.D.
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In North-Eastern Europe (see Figure 26) Fyeng — although fluctuating in between —
decreases quite continuously during the centuries under study, showing no extreme
change in either direction during Roman times. This is in agreement with what we
would expect, because Roman influence was rather tenuous in this region.

The gender effect is shown with the factor Fyeng, which is derived after Eq. 7
under the assumption that the sex-effect that describes the genetic differences in height,
is completely described by the DI = DI resulting from early upper Palaeolithic data
(EUP). The number of EUP observations is low, but this dataset is the only one

available for a time, where gender effects can be neglected. Thus, here a cause for
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uncertainty is possible, but this would not result in changes in the temporal and regional

behavior of the results shown.

FIGURE 26
DEVELOPMENT OF THE GENDER EFFECT IN MEAN HEIGHT DIMORPHISM
IN NORTH-EASTERN EUROPE
8™ century B.C to 18" century A.D.
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The same is valid, if there was already a gender effect during the EUP time, which
has not been assumed. Such an effect could result if the Palaeolithic woman had to feed
and hunt for not only themselves, but also their progenies without getting adequate
support from their male fellows (see above, Wooders and Van den Berg 2001).%"" If this
was true, the consequence would be a systematic bias of the Fyeng shown as results in
Figures 4.4.2 and 4.4.3, into the direction of lower values, which means that the status

of the woman would seem systematically better.””®

7 Due to the missing family structures before sedentariness it was probably not clear, who the father was
in each case. Thus, women had to carry the full care of the brood themselves, which brought additional
stress (see above), and correspondingly unfavourable nutritional status compared to males.

8 However, already for late Mesolithic Europe Zvelebil (2000) found differences between females and
males related to nutritional status: Females show greater incidence of stress indicators. “This differential

pattern of markers of stress is consistent with the higher intake of meat among the males, and a more
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Another uncertainty may result from the fact that the heights of men and women
have been derived from bones (chapter 3.3.). Thus, naturally — due to the study period —
the nuisance of measurement error cannot be fully excluded. On the other hand, it could
be the case that the utilized models may result in perhaps not (only) a systematic bias,
but (also) in biased results at the lower and upper end of the reconstructed height range,
because these models presumably are based on originally taller heights than the ones
which were reconstructed.*”

However, this effect is not of importance for the study, because the use of Pearson
(1899) against the Breitinger (1937) and Bach (1965) models, shown in Figure 27,
generate only a modest difference, which is visible for levels, but not for changes over

time. Thus, we keep using Breitinger and Bach reconstruction as basic model — as we

already found this being the best to use for the compiled data.”®

carbohydrate-oriented diet among the females”. Zvelebil (2000) points out that the pattern of unequal
food access with detrimental situation of females was similarly found in other studies, like among the
North American hunter-gatherers of the Woodland period (see Cohen and Armelagos 1984).

" 1t could be problematic that the Breitinger/Bach formulas — although being in principle being the best
to use for the compiled data — are based on post-secular data which could result in deviations in the height
estimations of an earlier living population. To control for a possible distortion Pearson’s models were
employed in addition. This is the only suitable alternative to utilize other than Breitinger and Bach for the
estimation of skeletal heights, because these are the only ones which are based on pre-secular trend data.
Thus, in particular if the height of especially small individuals (males below 160 cm) is reconstructed
Pearson might be more efficient: Correspondingly, there is also the risk of overestimation of female
heights due to Bach formula’s (Rosing 1988). The whole dataset was recalculated by using the Pearson
formulas.

0 The decision to use the formulas by Breitinger and Bach to reconstruct male and female heights is
based on detailed deliberations: on the one hand Breitinger and Bach give the most accurate results
(lowest mean of differences in stature) for the relevant spectrum of centimeters (Formicola 1993); on the
other hand several other aspects speak for them, like the comparability with the height data based on

cremations reconstructed by Rosing.
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FIGURE 27
DEVELOPMENT OF THE OVERALL GENDER EFFECT
IN EUROPE, 8" century B.C to 18" century A.D.
BASED ON HEIGHT DATA RECONSTRUCTED BY BREITINGER/BACH IN
COMPARSION TO THE SAME HEIGHT DATA RECONSTRUCTED BY PEARSON
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Which determinants have an explanatory power for the long run development of the
mean gender factor in height dimorphism in pre- until early modern historic Europe?
Panel estimation was applied to clarify this question: four WLS regression models
are presented in the following.”®' In the basic model (Model 1 in Table 16, col. 2 and 3)
solely regional and temporal variables were included; these are dummies for the major
European regions, and the periods under study.”® It has an adjusted R* of 0.19. In this
case the regional dummy for Mediterranean Europe was statistically negatively

significant on the 1%-level, which means overall gender effect was significantly lower

21 As in earlier papers in each model the constant refers to Central-Western European conditions of the
Migration Period/early medieval period.
22 As done before in the earlier papers, those were employed to control for unobserved inter-temporal

heterogeneity.
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there, and thus Mediterranean women actually did comparably well in comparison to
their contemporaries in the rest of Europe.”® As one would have expected due to the
finding by Gustafsson and Lindenfors (2004), and Gustafsson et al. (2007), also in our
data, the gender effect in North-Eastern Europeans is not stronger than in the regions
with a lower overall mean height. In the second model (Table 16, col. 4 and 5) various
different determinants are added to the regional and temporal dummies. These are
factors which are shaped by, and could influence the cultural and socio-economic
background and thus the gender effect such as cattle share as proxy for the agricultural
specialization, land per capita, plague, war and prosecution, and the practize of three-
field-rotation and use of iron plough indicating enhanced agricultural technology.”** The
extended model does explain little less: it has an adjusted R, of 0.15. None of the
variables (including the dummy standing for Mediterran Europe) are neither statistically
nor economically significant.”® If we reduce the model (Table 16, col. 6 and 7) to the
the regional and periodical dummy, as well as land per capita and cattle share the
adjusted R, becomes much higher: the model can explain 25%. The Mediterranean
Europe — dummy becomes statistically significant on the 10%-level. In a forth model

(Table 16, col. 8 and 9) we control for a possible Roman impact, finding it to have a

3 Compared to the reference value ‘Central-Western Europeans living in the Migration&early medieval
Period’.

4 For a detailed description of these variables, see earlier chapters.

5 If we only include land per capita and cattle share (as the presumably most important determinants) in
the model (not shown), the latter variable becomes statistically significant on the 10%-level. But the
adj.R? is only 0.12 in this case. We have to keep in mind that the in particular the estimation of the
dependent variable is probably a bit rough and could contain some measurement error. Thus, it is not

surprising that the coefficients are statistically insignificant.
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TABLE 16
REGRESSIONS:
DETERMINANTS OF THE GENDER EFFECT IN THE THREE PARTS OF EUROPE

1 2 3 4 5 6 7 8 9
Constant 0.97 0.00 1.79 0.00 1.79 0.00 1.75 0.00
early prehistory 0.08 0.37 -0.07 0.74 -0.05 0.77
late prehistory 0.03 0.70 -0.03 0.77 -0.03 0.81
Antiquity 0.05 0.38 0.10 0.23 0.10 0.16
Middle Ages 0.07 0.36 0.17 0.37 0.19 0.12
high Middle -0.13 0.07 0.80 0.10 0.64

0.17
Ages
Modern -0.16 0.21 0.32 0.38 0.33 0.27
Mediterranean -0.19 0.00 -0.30 0.13 -0.32 0.08 -0.35 0.01
North-East 0.03 0.57 -0.04 0.68 -0.04 0.69 0.01 0.94
Plague -0.00 0.97 -0.00 0.96
war&prosecution -0.02 0.74 -0.02 0.82
three-field- 0.03 0.88 0.13 0.26
rotation&
iron plough
log land per 0.25 0.17 0.25 0.13 0.22 0.04
capita
cattle share -0.01 0.28 -0.01 0.20 -0.01 0.10
cattle plague 0.01 0.88 0.00 0.97
Roman 0.14 0.08
bath&technology
Adj.R? 0.19 0.15 0.25 0.24
N 56 45 45 45

P-Values in columns 3, 5, 7, 9 in italics. Weighted Least Squares Regression: number of cases adjusted for aggregated observations using square roots.
Constant refers to a hypothetical height value for the Early Middle Ages, and Central-Western Europe. Statistically siginifcant coefficients marked grey
underlayed.

note: Included are only absolutely definitely sex determined observations, and the centuries with N,,, as well as N; > 10.
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statistically positive influence (on the 10%-level) on gender effect, and thus increasing
female gender discrimination. Higher land per capita is also negative for females, as the
gender effect increases. In contrast, cattle share has a significantly negative impact on
the gender effect (on the 10%-level), that is if overall a higher supply of animal protein

is available, also females profit from this good.

4.4.4.2. Masculinity Index

In the compiled dataset of this study the MI for all observations is 191. Regional

286y show a MI of 229 for Central-Western Europe; the lowest

differences (see table 15
level is represented for North-Eastern Europe with a value of 163; and the MI for
Mediterranean Europe is not much higher with 167 (see also figures 28, 29, and 30).
Explanation for the extreme high female deficit (in combination with the quite
stable overall height dimorphism discussed above) could be that discrimination is
manifested especially in femicide (killing the baby girls or letting them starve to death
before they have grown up), but those girls who were seen as being worth enough to
keep alive, and therefore reached the adult age, were treated comparably good during

h.*” A relation between the masculinity index and the gender effect is shown in

growt
Figures 28 ff., resulting in more beneficial conditions for the females surviving until

adulthood in all the three major regions, but statistically insignificant.

%6 If less than 10 heights per gender and century-region-unit could be reported this unit was coded as
missing value.

7 The fact that women are not more robust than men is supported by the finding that the standard
deviation (SD) of female and male height in the data is similar in the course of the centuries, no matter
which kind of reconstruction model is used. According to WLS-regression (not shown here) female
heights even have a significantly higher SD, it does not matter whether cremations are included or not:
SD in female heights of the overall, definitely sex determined data are 0.32 cm more than the mean male

SD of 3.17 cm.
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FIGURE 28
RELATION OF THE MASCULINITY INDEX (MI) AND DEGREE OF GENDER EFFECT
IN MEDITERRANEAN EUROPE
8" century B.C to 18" century A.D.
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FIGURE 29
RELATION OF THE MASCULINITY INDEX (MI) AND DEGREE OF GENDER EFFECT
IN CENTRAL-WESTERN EUROPE
8" century B.C to 18" century A.D.
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FIGURE 30
RELATION OF THE MASCULINITY INDEX (MI) AND DEGREE OF GENDER EFFECT
IN NORTH-EASTERN EUROPE
8™ century B.C to 18" century A.D.
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4.4.5. Conclusion

For the first time the possibilities of anthropometric height data and its informative
value was used for an overview on the development of female discrimination in the long
run in pre-historic, ancient and early historic Europe, which allows verification of
archaeological and historic data.

Height dimorphism between males and females, like height itself, is determined
by genes and biological basics (sex) and environmental factors influencing nutritional
status. However, this dimorphism can be modified by gender dependent cultural
practices. In recent research the sex effect was found to be rather constant, whereas the
gender effect could change height dimorphism over time. Based on these findings it is
possible to study skeletal material in terms of the relative status of females in pre-

modern Europeans.

219



The vague picture of the status of females one gets according to written sources
and archaeological material from excavations of prehistoric and ancient sites was
clarified by the anthropometric data under study: Remarkably no significant change in
gender effect took place in the course of pre-historic to early modern periods.

Anyhow, in the course of time Mediterranean females lost their relative good
status, whereas overall North-Eastern and Central-Western females could strengthen
their status in the long run over the gh century B.C. until the 18" century A.D.: The
data shows that the status of pre-modern surviving females improved during the time
from a low level in the North-Eastern, as well as the Central-Western case, whereas in
Mediterranean Europe the trend moves in the opposite direction.

Nevertheless, overall Mediterranean women did comparably well. The gender

effect is statistically significantly lower there in comparison to the rest of Europe.
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4.4.6. Excursus: How did the females’ status develop according to archaeology,
iconography, and ancient written sources

European pre-modern societies generally were organized patriarchalically. With an
expanding ‘urban mentality’ females became confined to the household, restricted their
options even more. Differences in the male and female position were already found for
the Iron Age. For this period Bonfante (1994) interprets the status of Etruscan woman as
comparably good, however Amann (2000) found the status of Etruscan woman to be not
much better than the position of females in other contemporary societies. This example
shows the general problem that the available information for recent times can be
interpreted differently by different authors. Also the “Celtic”***woman did not do any
better in comparison to contemporaneous existing Indo-European societies.”® What
might have had a positive impact on lowered discrimination of Celtic females was that
in case of their death (even if married) her family was enabled to make claim of a part
of her property.””

For daughters being subordinate to Roman law the discrimination was stronger,

since Roman females automatically switched to the husband’s family after the wedding.

Nevertheless, for Romans there was no strict separation between the genders, neither in

%8 This generic term is problematic, because very different regions and centuries are subsumed, based on
a ‘cultural material’ basis. Anyhow it is interesting how close the contact e.g between the continent and
the British Isles was during the pre-Roman Iron Age.

% Wegner (2001); the position of women after wedding depended on the kind of marriage — whether she
became main wife or secondary wife —, whereas the men was always “the one and only”. Furthermore, in
general females had no heriditary rights (Brandt 1995).

0 Anyhow it is unknown to what extent the law was practiced; furthermore, the known laws are passed
on from Irish and Welsh Celts which anyhow stem from the 8" century onwards, which is more early
medieval, and thus presumably it is not completely transferable to pre-Roman period. Furthermore it is
questionable whether there had been differences in the law of Gallic continent Celts (due to different
living conditions like living in ‘urban’-kind settlements, and trading with other ‘nations’, in contrast to

widespread farms on the Britannic Islands (Wegner 2002, 28 ff.).
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public nor in private domains (as in ancient Greece).””' Roman women were not
(completely) barred from the male world, such as the women in ancient Greece.””
Anyhow, although some Roman women worked in different public occupations
(Fantham 1994; Setéld 2002), had own property and had transactions, Spencer-Wood
(2006, 307) concludes that according to the majority of inscriptions and texts that “the
emphasis [laid] on women’s domestic roles ... rather than women’s diverse public roles
in active practice”.””® Likewise, the female position”* was unequal to the position of
men, although ‘not extremely suppressed’ by Roman law (Amann 2000; Saller 1994).2%
In the course of the early Roman Empire equality before the law in the making of wills
was phased in. From the third century A.D onwards, additional to the dowry the donatio
propter nuptias was introduced: donations and gifts which had to be provided by the
husband and his families to provide the additional endowment for the wife to guarantee
her living conditions after divorce or death of the husband (Gestriich et al. 2003,105
ff.). This should have had a positive impact on female status. Despite recent research is
concluding that the position of Roman women was not as bad as the purely juridical

approach would suggest (Amann 2000); women certainly were not seen as equal to

#1 Although women were not allowed to be active in politics, they could move and act freely in the
public. Correspondingly Roman houses show no areas separated for men and women.

2 But of course males predominate public professions (see corpus inscriptorum Latinarum).

3 Furthermore, written sources emphasize that women’s most virtuous task is reproduction and proper
child rearing. This view also can be found in the works by Tacitus, for instance - although not as an
‘unequivocal and misogynistic’ statement (P6lonen 2002, 102).

% The determined role and character attributes of females are commemorated in women’s funerary
monuments all over the Roman Empire: “her inactivity bring s him status” (Fantham at al. 1994, 369 ft.).
5 For example, the consideration of females in Roman wills was seen as disadvantaged by scholars until
recently (like e.g. Champlin 1991). But Polonen (2002) comes to the conclusion that sons were not
especially favored over daughters in terms of division of passed on properties, because firstly not only
heritage, but also dowries have to be taken into account; and secondly disinheritance “was not
automatically a discriminative strategy ... [because furthermore] heres sustained financial burdens ...

[like] paying for the funeral.” (PSlonen 2002, 179).
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men, but had a subordinate role. Hence, for example schooling was predominantly for
males (DeiBmann 1989).%° Also, only males were supported with annona /frumentaria,
a regular grain donation to support Roman citizens (Garnsey 1998).”7 Furthermore,
what is probably most important: the pater familias, the mother was not the decisive
person.””® The right of the patria potestas gave the sole male head of the family the
right of deciding upon the life and death of the family members (see Spencer-Wood
2006).>”° Additionally, females had to stay under male control and custody for their
whole life according to Roman law”*. Although it is questionable as to how far the law
was actually carried out in everyday day life, it certainly had its impact.’®' Generally
Fantham at al. (1994) conclude that “the conservative ideal of Roman womanhood [was
kept] inherited from the Republic” also during the period of high and late imperium
Romanum.

In contemporaneous Germanic tribes patriarchy also existed, although women

seem to have had some exclusive functions, especially in medicine (and also other

296 E.g. Klasen (2002) and many others found inferior education/literacy in females as indicator of
discrimination, being related to dimorphism.

The idea that also middle-class girls should get (some) secondary schooling additionally to the strictly
controlled practising of domestic duties was established in the German region, for instance, not before the
turn to the 19™ century AD (Doff 2004, 78).

7 Annonae may not only be an indicator for the unequal status of female, but also an incentive to
discriminate females in terms of support baby girls (chance of) survival.

2% Becoming even more strict under the reign of Augustus: for instance, adultery was defined by law, but
sexual access was still legal for a married free man as long as he had no contact with a married women
other than his own wife, whereas it was forbidden for wives to have contact with anyone else but her
husband (digest 48.5.1.): see Fantham (1994, 300).

% This resulted in a further common characteristic of gender specific discrimination: female infanticide
(see above).

3% This demand can be found in the ‘twelve table law’ (dating in the 5™ cent. B.C.), and was part of law
until the reforms of Diocletian (AD 285-305).

3! The absence and death of many men of all classes especially due to the long Civil Wars periods
resulted in some responsibility of women to maintain the family, which gave many women a new relative

independence.
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important fields of that time such as fortune-telling) (Amstadt 1994). However the
question is whether this had a general positive impact for the position of average
females.

In early medieval Europe, in terms of political power of women, no real difference
arose in comparison to former periods: for example the position of a Merovingian
queen derived from the marriage with the king (Sasse 1996).°* Overall, during the
Migration Period and early Middle-Ages, a person (whether male or female) had no
rights as a single individual (at least within the Teutonic region).’” This peculiar
understanding of a person — in which everybody had to be in connection with others to
exist in full sense — resulted in the fact that members of a group (in general the family)
had to take care for the ‘honor’ of the fellows (Nitschke 1989, 679). But women and
men had different tasks in fulfilling the preservation of dignity and honor. In general the
Germanic customs resemble the ancient Roman structure: on the one hand, rights laid
within the function of the father, or after his death the son - including decisions over
wife (respectively mother) daughters and. sisters (‘Muntgewalt’), which even comprised
of the right to sell them.*** On the other hand, the honor of a family increased with size;
thus the woman was then of special importance®®, and it is known, for example from

Alamannic, Bavarian, Saxon, and Frank law that women were higher valued than men

392 And even in the case of her only possible participation in ‘public’ reign doing the regency for a under-
age son the queen had only limited power and control.

3% Instead e.g. a single person needed oath assistants (‘Eideshelfer’); but also during this period a large
difference is made between genders, as women had to bring al long many more assistants compared to
men.

304 Rooting in early medieval society, and proved especially from the 14™ century onwards the jus primae
nocti was as a male power display in European culture, which also shows the inferior position of females
(Wettlaufer 2000).

3% Not only because of her ability of childbearing, but also to make bond to other families of higher honor

by marriage.
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(in terms of ‘Wergeld”).>*® Therefore, it is to be supposed that women were held in high
repute during that time; but then again it is known that the female position in terms of
marriage rights (including adultery punishment) was inferior and subordinate.’®” Thus,
again, the status of women cannot really be decided from the ancient written sources.

Similarly this question subsists for the 11™ and 12" century A.D. when women
seem to gain more independence due to edicts regarding the status of their husband’s
heiress. Moreover, during that time, until the beginning of the 16" century, women
flourished as authors, patronesses or clients, but these were rare and belong to convents;
institutions which were primarily reserved to peerage (Arnold 1989). The life of females
was characterized by a greater variety then the conventional historiography perceived,
due to their considerable participation in religious movements (Mogge-Grotjahn 2004,
esp. 18 ff.; Weinmann 1997). Anyhow, men dominated the society, and in everyday
female life many rules restricted women’s framework of action. From early to high
medieval ages the legal position and rights of women were broadening. Partially
merchants and craftswomen were organized into their own guilds (Ennen 1991).

For the Renaissance, according to the new educational ideal of humanism the
female theoretically had the same legitimization like the male, but although she
therefore had a wider range of opportunities for individual development, she functioned

55308,

as “silhouette of masculinity The most common supposition is that traditional

customs and rules existed which limited the female self-reliance, particularly the self-

3% see Nitschke (1989, 681 f.): with reference to concerning passages in the Leges Alamannorum etc.; in
the Lex Baiuwariorum it is elucidated that honor was not guaranteed institutionally to women: if she
stole several times or fought armed like a man she lost her honor and was treated like males.

37 1t makes no difference whether primary wife (‘Kaufehe’) or secondary wife (‘Friedelehe’): females
were “throughout ... more or less” regarded as the husband’s property: see Weber-Kellermann (1996,
esp. 17).

3% In contrast to Burkhardt (1988) completely gender equalization was barely perceptible.
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reliance of wives (Nitschke 1989, 697; King 1998; Mogge-Grotjahn 2004). This means
that the female position remained quite constant (with her ‘main task’ being fertile),
being classed as inferior (combined with the problem of dowries), and ‘as usual’
resulting in the preference of males. But on the other hand, it is known that during this
period new chances arose for females — not only for those from nobility, but also within
the bourgeoisic — to get an education, and even gain scientific influence.’” Schools
were founded;*'® but many people seem to have “had grave reservations about educating
their daughters” (Hardwick 2004, 345). Although the initial idea of regular elementary
schooling for females was to teach them obedience and virtuousness, education also
allowed females to read literature other than the bible, and free themselves.’!" The
donne nobili ‘arose’ and drifted away from her “real” destiny.’'* The idea that females
seem to gain a better position in societies’ view is also recognizable due to
archaeological findings.’"> Furthermore, an increased number of females worked in
public ‘industries’, cooperating in guilds, and gaining authority while supervising
family manufactures, including dealing with money in contrast to official regulations.
Additionally, in the case of the non-elite society, women’s working and financial
contribution to the family economy was extremely important. Hardwick (2004, 345)
states that the vibrant commercial economy of elite society furthermore “depended to a
substantial degree on the capital provided by women’s dowries and the ties of kinship”.

This would suggest that females were appreciated for all they brought along. Although

3% see Arnold (1989, 723 £.) with references.

319 From the booming trade cities female teachers are commonly known.

311 Especially in ‘Italian’ cities a fertile intellectual and cultural climate was nourished fostering
humanism, sciences and art.

312 Indicated e.g. by her refusal to breast feed her own child.

1 gee e.g. the change in inhumations of females closer to the important places in Christian cemeteries

near the Church: Ulrich-Bochsler (1997).
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they worked hard similarly to men, they were paid much less, and still restricted in
many ways. It seems that because men were afraid of females becoming strong
competitors, what finally culminated in the ‘war against females’ as King labels the
witch hunting (King 1998, 184. Correspondingly, Hardwick (2004, 355) finds that
“gender issues were of paramount importance, and nowhere was this dynamic clearer
than in the prosecution of witches™'*: In contrast to the Middle Ages, when half the
accused witches were males, in early modern times approximately 80% of the
defendants were females (Opitz 1995; Baten and Woitek 2001).

Overall, even though men still had the absolute authority and control over
women’ " — the presence of women materializing in the cultural life phased in gradually
(Segler-MefBner 2004). Similarly King (1998) concludes that ‘the Renaissance woman’
broke out from her traditional role (despite all resistance) obtaining the opportunity of
individual development.

From the 18" century A.D. onwards — in the same way to the increased separation
of private and public spheres — ideology was readjusted to the idea of dualism (Dolling

1991).

3 An intense debate is going on what caused this dimension of prosecution. One aspect is a decreased
deference of females in different situations on life, like against husband supervision, or employers
(Hardwick 2004, 356), because indeed some rethinking was induced during this period — culminating in
Locke’s alternative conceptualization in understanding gender relations. According to Amstadt (1994,
154 f.) the obsessive belief in witches and its inhuman excesses were initiated by the church in order to
introduce posteriority and devaluation of women and their knowledge (especially their pre-eminence in
know-how of healing power). This did not take a negative effect until the end of the medieval ages when
the decisive change took place that remedies/drugs were sold in pharmacies by specialized men: women
got adhered the bad reputation to be witches more and more, because their medical knowledge was not
tolerated or accepted by the male competitors, because the men were afraid of rivals. Thus it is no puzzle
why despite the overall enhanced position of females the phenomenon of witch-hunt had its historical
peak during late medieval times and early modern times.

3 Although early modern Europe ‘brought’ comparably many female rulers, authority was equated with

masculinity (it does not matter whether family or politics).
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It can be concluded that according to the “traditional” sources men had the
dominant position over all periods.’'® It seems that in the Roman Empire, during the
Migration Period and in the Renaissance the position of the women was comparable
good, but in general the overall position of females was unequal to the position of

males.

316 As indicated by the fact that institutionally secured reign is carried out solely by men (Hermann-Otto
2000), and only very sporadic exceptions of single politically important women exist (like the Celtic
Boudica leading their people in the rebellion against the Roman occupation, or the Roman Fulvia being

military leader against Octavian’s land confiscations).
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5. GENERAL CONCLUSION

Final mean height of humans is influenced by their nutritional status during growth, and
thus, by a complex combination of living conditions. Since it can be assumed that the
situation, which is relevant for the children in a population, can be transferred to the
contemporary living adults, mean height can be used as indicator for the nutritional
status and welfare, i.e. the biological standard of living, for the whole population.
Therefore, higher longitudinal growth and final height of humans are widely recognized
to be a good proxy for favorable conditions in terms of diet, diseases and work load,
whereas poor height outcome is recognized as a proxy for inadequate nutritional status.
This correlation between height and nutritional status is valid for the present, but
also for the past. The difference, however, between the present plus the last centuries
against the earlier centuries, is the fact that for the former very different material exists
to determine welfare, whereas for the long run information on the height of the
population is the only, at least the best quantificable source. The reason, on the one
hand, is that written sources for the past are problematic since texts by ancient authors
or inscriptions in general cannot be taken as objective and exist only sporadically; and
that usual economic data, like GDP or price development, for most times and regions
are not available. On the other hand, nutritional status via human height can be
determined even for pre-historical times utilizing bone remains. Here a large amount of
information exist (for this study data on about 18000 individuals have been compiled),
the data are widely distributed in time and region, belong to all social classes, and
include information on both men and women. The latter is an additional advantage,

since it allows us not only to investigate the nutritional status in general, but also gender
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effects, which is often even not possible for the last centuries since these data mainly
stem from recruitment lists.

Of course, the method using bones for height determination has restrains, due to
the degree of preservation, measurement errors, and uncertainties in the equations to
reconstruct the height from the bones. However, effects of preservation already are
taken into account in the height determination methods, measurement errors should be
low since the data used have been measured by trained archaeologists, and we prepared
new algorithms to unificate the data from different conversion methods. Moreover, the
height data can be seen as representative due to their large amount and the random
collection from a high number of cemeteries from all over Europe.

Restraints for the explaining variables result from the fact that data are available
only for a small section of the potential determinants. Thus, we have combined different
influencing factors into one available determinant. Moreover, the information on these
determinants often stems from archaeological sources, and correspondingly in general
data are not so precise.

Caveats are the temporal resolution, which is hundred years, with an additional
small uncertainty due to the assessment of the age of death of the individuals.
Furthermore, dating of graves in archaeological context can be problematic. However,
we excluded uncertain dated individuals in this study. In the present data set, with the
temporal resolution of 100 years, negative and later positive effects of events like wars
or epidemics could be balanced, and thus not be significant for the explanation of the
height development. Therefore, if both the spatial and the temporal resolution could be
improved, this would have the advantage that such relatively short, but essential

determinants could be investigated better.
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Despite these restrains the positive aspects of the method clearly dominate: the
analysis of bones is of special interest for archaeological periods. Skeletal data
contribute powerfully to the knowledge on former living conditions. And the data are
adequate enough to draw reasonable conclusions and to check hypotheses, whose
accuracy could not be controlled for before.

The knowledge that skeletal data are a useful information source was adapted to
the development of mean height of European population from the eighth century B.C. to
the 18™ century A.D. Since for this time no other really useful data are available, this
provides a first attempt to fulfill the long outstanding, repeatedly criticized desideratum
of a long run study on the nutritional status in pre- and early historic Europe.

Therefore, we venture to present the following conclusions about the Europeans in

the time span of 2500 years:

No decisive change in the nutritional status took place in the very long run until

the 17" century A.D. This finding confirms the idea of missing secular trend

prior to industrial revolution.

e Nevertheless, the Europeans experienced in-between periods of better and worse
conditions.

e In contrast to the common imagination the period of Roman occupation brought
a negative impact on the affected regions.

e In the long run overall temperature shifts have no statistically significant impact
on mean height.

e Higher cattle share, as an indicator for high quality protein proximity and

therefore consumption, has a positive impact on mean height.
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e C(attle share and thus milk consumption were comparably low in the
Mediterranean Region. However, if we control for cattle share no significant
regional differences in mean height occur.

e Higher urban rate as indicator for dense, inadequate, and unhealthy living
conditions was a major detrimental determinant of nutritional status.

e Higher population density has no statistically significant negative impact on
mean height, in particular if we include the centuries B.C. with their very low
population densities.

e Mean height of females and males moved more or less parallel over the
centuries.

e In the 2500 years of the study period all over Europe no real change took place
in the status of females, but the results vary. In regional comparison, overall
status of females was comparably well in Mediterranean Europe. In the overall

data the Roman influence was negative for female status.

Here the first step was made in order to study the development of nutritional
status in pre- and early historic Europeans, but hopefully once further research in the
different related fields will enable an extension of the study (also with an improvement
of the explaining variables). Or as Bjorn and McKenzie (2007, 370) concluded their
attempts to probe climatic proxies in the past: “Most of the past is still hidden in fog,

but there is hope that future research will be able to lift it”.

232



BIBLIOGRAPHY

Data Sources

Amadei, A., and Mallegni, F. (1998), La necropoli medievale di Pauciuri (Malvisto,
CS). Studio paleobiologico dei resti scheletrici umani. Arch. per’Antrop. e la Etnol.
CXXVII, 3-40.

Allain, J., Fauduet, 1., and Tuffreau-Libre, M. (1992), La Nécropole gallo-romaine
du ‘Champ de 'image’ a Argentomagus (Saint-Marcel, Indre). Revue archéologique du
Centre de la France, Supplément 3. Saint-Marcel: Musée d'Argentomagus.

Antonini, A., and Eades, S. (2002), Sion, Sous-le-Scex (VS) I: Ein spdtantik-
friihmittelalterlicher Bestattungsplatz: Grdber und Bauten ; résultats des recherches sur
le site funéraire du haut moyen-dge de Sion, Sous-le-Scex. Lausanne: Cahiers
d'archéologie romande.

Arcini, C. (1999), Health and Disease in Early Lund: Osteo-Pathologic Studies of
3,305 Individuals Buried in the First Cemetery Area of Lund, 990-1536. Archaeologica
Lundensia 8. Lund: Dep. of Community Health Sciences, Medical Fac., Lund
University

Asmus, G. (1955), Die hallstattzeitlichen Skelettfunde von Gotzendorf-Seebiihl. Bayer.
Vorgeschbl. 21, 108-114.

Bach, H., and Dusek, S. (1971), Slawen in Thiiringen — Geschichte, Kultur und
Anthropologie im 10. bis 12. Jahrhundert. Verdftentlichungen des Museums flir Ur-
und Frithgeschichte Thiiringens 2. Weimar: Museum fiir Ur- und Friihgeschichte.
Bantelmann, N., and Wahl, J. (1988), Siiderbrarup. ein Grdiberfeld der romischen
Kaiserzeit und Volkerwanderungszeit in Angeln. Offa 64. Neumiinster: Wachholtz.
Bartucz, L. (1961), Anthropologische Beitrdge zur 1. und II. Periode der Sarmatenzeit
in Ungarn. Acta Arch. Acad. Scient. Hung. 13, 157-229.

Bay, R. (1946), Die menschlichen Skelettreste aus dem spétromischen Gréberfeld von
Kaiseraugst (4. Jahrh. n.Chr.). Tdtigkeitsber. Naturforsch. Ges. Baselland 16, 39-56.
Becker, M. (1999), Calculating stature from in situ measurements of skeletons and
from long bone lengths: an historical perspective leading to a test of Formicola’s
hypothesis at 5th centruy BC Satricum. Lazio, Italy. Riv. Antropol. 77, 225-247.

Bedini, E. (1988), I resti scheletrici altomedievali di Verona di Farra (Gorizia). Arch.
per’Antrop. e la Etnol. CXVIII, 171-191.

Beinhauer, K. (1985), Untersuchungen zu den eisenzeitlichen Bestattungspldtzen von
Novilara, Provinz Pésaro u. Urbino/Italien; Archédologie, Anthropologie, Demographie,
Methoden u. Modelle. Frankfurt a.M.: Haag + Herchen.

Belcastro, M., and Giusberti, G. (1997), La necropoli romano-imperiale di
Casalecchio die Reno (Bologna, II-IV sec. d.C.): analisi morfometrica sincronica e
diacronica. Riv. Antropol. 75, 129-144.

Bemmann, G. (1999), Badow - Ein Grdberfeld der jiingeren vorrémischen Eisenzeit
und dlteren romischen Kaiserzeit im Landkreis Nordwestmecklenburg. Beitrage zur Ur-
und Friihgeschichte Mecklenburg-Vorpommerns 34. Liibstorf: Arch. Landesmuseum
fiir Mecklenburg-Vorpommern.

Benadik, B., VI¢ek, E., and Ambros, C. (1957), Keltské pohrebiska na juhozapadnom
slovensku. Keltische Grdberfelder der Siidwestsolowakei. Bratislava: Vydavatel'stvo
Slovenskej Akadémie Vied.

Bertschinger, C., Ulrich-Bochsler, S, and Mexer, L. (1990), Koniz-Buchsi 1986. Der
romische Gutshof und das friihmittelalterliche Grdiberfeld. Bern: Staatlicher
Lehrmittelverlag.

233



Besteman, J. (1999), The Excavations at Wijnaldum. Reports on Frisia in Roman and
Medieval times I. Rotterdam: Balkema.

Bill, J., and Etter, H. (1981), Das friihmittelalterliche Griberfeld vom “Runden
Biichel” in Balzers. Jahrb. Fiirstentum Liechtenstein 81, 13-80.

Bischop, D. (1998), Die romische Kaiserzeit und friithe Volkerwanderungszeit zwischen
Hunte und Weser. Diss. Miinster.

Bisel, C. (1991), The Human Skeletons of Herculaneum. Internat. J. Anthrop. 6,1, 1-20.
Bonacasa Carra, R. (1995), Agrigento: la necropoli paleocristiana sub divo. Istituto di
Archeologia Palermo, Studi e materiali 10. Rome: L'Erma di Bretschneider.

Brasili, P., and Belcastro, M. (1997), Gli inumati della necropoli di Quadrella. In:
Terzani, C., and Mattini Chiari, M. (eds.), Isernia. La necropoli romana in localita
Quadrella. Roma: Gangemi, 285 -298.

Brasili, P., and Veschi, S. (1998), Osservazioni antropologiche su reperti scheletrici
altomedievali rinvenuti a Bologna (San Petronio X-XI sec.), Riv. Antropol. 76, 183-197.
Brasili Gualandi, P., and Belcastro, M. (1985), Una necropoli dell’eta del ferro, ecc.
in Emilia Romagna, Montericco (Imola), VI-IV sec. a.c. Riv. Antropol. LXIII, 213-230.
Brasili Gualandi, P., and Belcastro, M. (1998), La necropoli di Quadrella (Isernia) (I-
IV sec.d.C.) e il popolamento dell’Italia Centrale in epoca romana: aspetti
paleodemografici. Riv. Antropol. 76, 171-182.

Brem, H. (1992), Arbon - Arbor Felix. Das spdtromische Kastell. Frauenfeld: Dep. fiir
Erziehung und Kultur des Kantons Thurgau.

Bridger, C., v. Freeden, J., and Dickenson, B. (1996), Das romische Grdiberfeld ,, An
Hinkes Weifshof** Tonisvorst/Vorst, Kreis Viersen. Rheinische Ausgrabungen 40. Koln:
Rheinland-Verlag.

Brothwell, D. (1967), Human remains from Gortnacargy, Co. Cavan. J. Roy. Soc.
Antiq. Ireland 47, 75-84.

Brothwell, D., and Powers, A. (1967), A massive cist at Lochend Dunbar IL
Proceedings of the society of Antiquaries of Scotland XCVIIL, 173-198.
Bruckner-Schoch, M. (1988), Anthropologische Untersuchungen der menschlichen
Skelettrest aus der Kirche in Pfyn. Aesch/Basel: Econom-Druck AG.

Brulet, R., Burette, A., D’Hulst, A., and Lallemand, J. (1996), La nécropole du Bas-
Empire romain de la rue perdue a Tournai: (fouilles 1989); travaux du Centre de
Recherches d'Archéologie Nationale de ['UCL. Universit¢ Catholique Louvain
Publications d'histoire de I'art et d'archéologie de I'Université Catholique de Louvain 91.
Louvain-la-Neuve: Dép. d'Archéologie et d'Histoire de 1'Art. ( = Collection
d'archéologie Joseph Mertens 12).

Biichi, E. (1950), Mittelalterliche Skelette vom Lindenhof Ziirich. Bull. Schweizer Ges.
Anthrop. Ethnol. 26, 77 ff.

Biichi, E. (1947), Die Korperform der Ziiricher im 16. Jahrhundert und heute.
Verhandlungen der Schweizerischen Naturforschenden Gesellschaft 7-8.
Buchta-Hohm, S. (1996), Das alamannische Grdberfeld von Donaueschingen
(Schwarzwald-Baar-Kreis). Forschungen und Berichte zur Vor- und Friihgeschichte in
Baden-Wiirttemberg/Landesdenkmalamt Baden-Wiirttemberg 56. Stuttgart: K. Theiss
Verlag.

Burger-Heinrich, E. (1995), Anthropologische Bestimmung der frithmittelalterlichen
Skelettserie von Herrsching a. Ammersee. Bericht der bayerischen Bodendenkmalpflege
32/33, 79-95.

Burger-Heinrich, E. (1999), Das hallstattzeitlich Gréaberfeld von
Dittigheim/Tauberbischofsheim. Anthropologische Befunde. In: Baitinger, H. (ed.), Die

234



Hallstattzeit im Nordosten Baden-Wiirttembergs. Materialhefte zur Archdologie in
Baden-Wiirttemberg 46. Stuttgart: K. Theiss Verlag.

Papasso, L. (1999), Primo contributo alla conoscenza della paleobiologia dei Sanniti
Peligni: gli inumati della necropoli di Sulmona-Fonte d'Amore (Abruzzo, IV-II secolo
a.C.). Arch. per’Antrop. e la Etnol. CXXIX, 195-213.

Papasso, L., and diTota, G. (1997), Primo contributo alla sonoscrnza della
paleobiologica dei Normanni: gli inumati della necropoli di San Lorenzo ad Aversa
(Caserta, X-XII secolo d.C.). Arch. per’Antrop. e la Etnol. CXXVI-CXXVII, 189-234.
Capitanio, M., and Corrain, C. (1997), La necropoli paleoveneta dell’area ‘Piovego’,
in Padova, dei secc. VI-V a.C. Arch. per’Antrop. e la Etnol. CXXVI-CXXVII, 65-97.
Castella, D. (1987), La nécropole gallo-romaine d'Avenches "En Chaplix": fouilles
1987 — 1992. Cahiers d'archeologie romande 41, Aventicum IV. Lausanne: Cahiers
d'Archéologie Romande.

Claasen, H. (1991), Paldopathologische Befunde am hallstattzeitlichen Menschen der
Oberpfalz. Riickschliisse auf seine Umweld. Anthropol. Anz. 49,3, 217-229.

Corrain, C., Capitanio, M., and Erspamer, G. (1977), I resti scheletrici della
necropoli picena di Camerano nelle Marche (secoli VI-III a.c.), Arch. per’Antrop. e la
Etnol. CVII, 81-158.

Corrain, C., Capitanio, M., and Erspamer, G. (1982), Alcune necropoli romane delle
Marche. Arch. per’Antrop. e la Etnol. CXII, 151-231.

Crummy, N., Crummy, Ph., and Crossan, C. (1993), Excavations of roman and later
cemeteries, churches and monastic sites in Colchester, 1971-88. Colchester Arch.
Report 9. Clolchster: Colchster Archaeological Trust.

Cueni, A., and Etter, H. (1990), Die mittelalterlichen Menschen von Schaffhausen.
Schaffh. Beitr. 67, 141-234.

Cunha, E., Aranjo, T., Marrafa, C., Santos, A., and Silva, L. (1992),
Pal¢éodémographie de la population médiévale portugaise de Fao: résultats
préliminaires. Riv. Antropol. LXX, 237-245.

Darling, M., and Gurney, D. (1993), Caister-on-Sea Excavations by Charles Green,
1951-55. East Anglian Archaeology Report 60. Dereham, Norfolk: Field Archaeology
Div., Norfolk Museums Service.

Dawson, M. (1994), A Late Roman Cemetery at Bletsoe, Bedfordshire. Bedfordshire
Archaeological Mongraph Series 1. Bedford: Bedfordshire Archaology.
Dolinar-Osoletova, Z. (1954), Staroslovanska Okostja 1z Dobrace Pri Kraguljevcu.
Institut za anthropologijo Univerza Ljubliana 22, 63-83.

Dreisbusch, G. (1994), Das romische Grdberfeld von Altluffheim-Hubwald (Rhein
Neckar Kreis). Materialhefte zur Archéologie in Baden-Wiirttemberg 24. Stuttgart: K.
Theiss Verlag.

Dusek, S., and Birkenbeil, B. (2002), Das germanische Grdberfeld von
Schlotheim/Unstrut-Hainich-Kreis. ~ Weimarer ~ Monographien zur Ur- und
Friihgeschichte 36. Stuttgart: K. Theiss Verlag.

Ebner, D. (1997), Das romische Grdberfeld von Schwabmiinchen, Landkreis Augsburg.
Materialhefte Bayerische Vorgeschichte A 73. Kallmiinz/Opf: Verlag Michael
Lassleben.

Ehgartner, W. (1947), Der spitromische Friedhof von Oggau, Burgenland. Mitt.
Anthrop. Ges. Wien 73, 2-32.

Ehrhardt, S., and Simon, P. (1971), Skelettfunde der Urnenfelder- und Hallstattkultur
in Wiirttemberg und Hohenzollern. Naturwissenschaftliche Untersuchungen zur Vor-
und Friihgeschichte in Wiirttemberg und Hohenzollern 9. Stuttgart: Miiller & Gréff.

235



Erdélyi, 1., Ojtozi, E., and Gening, V. (1969), Das Grdberfeld von Newolino.
Ausgrabungen von A.V: Schmidt und der archaeologischen Kampa-Expedition. Arch.
Hung. ser nova 46. Budapest: Akadémiai Kiado.

Ery, K. (1966), The Osteological Data of the oth Century Population of Artand.
Anthrop. Hung.. Musée National Hongrois, Section Anthropologique due Musée
d’Historie Naturelle 7, 73 ft.

Ery, K. (1968), Anthropological studies on a late Roman population at Majs, Hungary.
Anthrop. Hung. 8, 31-58.

Ery, K. (1971), The Anthropological Examination of a Tenth Century Population at
Tengelic, Hungary. Anthrop. Hung. X, 49-93.

Ery, K. (1973), Anthropological data to the late-Roman population at Pécs, Hungary.
Anthrop. Hung. 12, 63-114.

Ery, K. (1981), Anthropologische Analyse der Population von Tokod aus dem
5.Jahrhundert. In: Mocsy, A. (ed.), Die spdtromische Festung und das Grdiberfeld von
Tokod. Budapest: Akadémiai Kiado.

Etter, H. (1982), Die Bevolkerung vom Miinsterhof. In: Schneider, J. (ed.), Der
Miinsterhof in Ziirich 11. Olten: Walter-Verlag, 179-212.

Facchini, F. (1992), Diffusion culturelle et migrations humaines. Riv. Antropol. LXX,
199-207.

Facchini, F., and Brasili Gualandi, P. (1979), Reperti antropologici di epoca romana
provenienti dalla necropoli di ‘Le Plazzette’ (Ravenna) (I-III sec. d.C.). Riv. d’Antrop,
CX, 159-171.

Facchini, F., and Guerra, M. (1969), Scheletri della necropoli romana di Bagnacavallo
(Ravenna). Arch. per’Antrop. e la Etnol. 99,1-2, 25-54.

Farwell, D., and Molleson, T. (1993), Excavations at Poundbury, Dorchester, Dorset
1966 — 1982 II: The cemeteries. Dorset Natural History and Archaeological Society
monograph series 11. Dorchester: Dorset Natural History and Archaeological Society.
Fasold, P. (1993), Das romisch-norische Grdberfeld von Seebruck-Bedaium.
Materialhefte zur bayerischen Vorgeschichte A 64. Kallmiinz/Opf.: Lassleben.

Fehring, G. (1972), Unterregenbach: Kirchen — Herrensitz — Siedlungsbereiche.
Forsch. Ber. Arch. Mittelalter Baden-Wiirttemberg 1, 241-267.

Faust, S. (1998), Eine reich ausgestattete romische Grabkammer am Reichertsberg in
Trier-West. Funde und Ausgrabungen 30, 79-86.

Fischer, L. (2001), Das Grdberfeld der vorrémischen Eisenzeit von grofs Timmendorf,
Kr. Ostholstein. Diss. University Kiel.

Fornaciari, G. (1997), Paleopatologia di gruppi umani a cultura Etrusca: il caso di
Pontecagnano, Salerno (VII-IV secolo a.c.). In: Convegno di Studi Etrusci ed Italici,
Volterra 1995, ‘Aspetti della cultura di Volterra etrusca fra [’eta del ferro e l’eta
ellenistica. Florence: Olschki, 467-475.

Frejeiro, A., Ara, M., and Alen, A. (1948), La Necropolis Gallico-Romana de la
Lanzada (Noala, Pontevedra). Cuadernos de estudios gallegos XV1, 141-157.

Frere, S. (1982), Excavations on the Roman and medieval defences of Canterbury. The
archaeology of Canterbury 2. Maidstone: Kent: Archaeological Society.

Frere, S. (1987), Canterbury excavations: intra- and extra-mural sites, 1949 - 55 and
1980 — 84. The archaeology of Canterbury 8. Maidstone: Kent: Archaeological Society.
Friedhoff, U. (1991), Der romische Friedhof an der Jakobstrafie zu Koln. Kolner
Forschungen 3. Mainz a.R.: von Zabern.

Fudzinski, M., and Ronzoski, F. (1997), Cmentarzysko ludnosci kultury pomorskiej w
Zaworach, gm. Chmielno: studium archeologiczno-antropologiczne. Gdansk: Muzeum
Archeologiczne.

236



Fudzinski, M., and Gladykowska-Rzeczycka, J. (2000), Cmentarzysko ludnosci
kultury pomorskiej w Rqtach, gmina Somonino. Gdansk: Muzeum Archeologiczne.
Fudzinski, M., and Ronzoski, F. (2002), Cmentarzysko ludnosci kultury pomorskiej w
Rebie, gmina Przodkowo. Gdansk: Muzeum Archeologiczne.

Furger, A. (ed.) (1978), Die ur- und friihgeschichtlichen Funde von Reinach BL
(Neolithikum bis Hochmittelalter). Derendingen: Habbegger Verlag.

Gejvall, N.-G. (1960), Westerhus — Medieval population and church in the light of
skeletal remains. Lund: Ohlssons.

Gerhardt, K. (1975), Lauterhofen — Zur Anthropologie des Reihengrdiberfeldes in der
Flur ,Geissdcker’ und des Friedhofes bei St. Martin. Munich: Préhist. Staatssammlug;
Kiethaber, Kiethaber & Elbl [in Komm.].

Gerhardt, K., and Maier, A. (1964), Norische Grédber bei Horafing im Chiemgau.
Bayer. Vorgeschbl. 29. 119 ff.

Gladykowska-Rzeczycka, J. (1974), Anthropological investigations on the bone
remains from crematory cemeteries in Poland. Homo 25, 96-116.

Gleser, R., and Schonwald, J. (1999), Die spdtkeltisch-friihromischen Brandgrdber
von Wustweiler. lllingen: Museum.

Goodman, C., and Morant, G. (1939), The Human remains of the Iron Age and other
periods from Maiden Castle, Dorset. Biometrica XXI, 295-315.

Green, C. (1987), Excavations at Poundbury, Dorchester, Dorset 1966 — 1982 II: The
settlements. Dorset Natural History and Archaeological Society monograph series 7.
Dorchester: Dorset Natural History and Archaeological Society.

Groove, A. (2001), Das alamannische Grdberfeld von Munzingen, Stadt Freiburg.
Materialhefte zur Archiologie in Baden-Wiirttemberg 54. Stuttgart: K. Theiss Verlag.
Griinewald, M. (1990), Der romische Nordfriedhof in Worms — Funde von der Mainzer
Strasse. Worms: Biicher-Bessler.

Grupe, G. (1986), Multielementanalyse. Ein neuer Weg fiir die Paldodemographie.
Materialien zur Bevolkerungswissenschaft Sonderh. 7. Wiesbaden: Bundesinst. fiir
Bevolkerungsforschung.

Grupe, G. (1997), Kirche und Graberfeld des 11. — 13. Jahrhunderts unter dem
Rathausmarkt von Schleswig. Ausgrabungen in Schleswig 12. Neumiinster: Wachholtz.
Hanson, Ch. (1992), Population-specific stature reconstruction for medieval
Trondheim, Norway. Internat. J. Osteoarch. 2,4, 289-295.

Hauser, U. (1938), Anthropologische Untersuchung des alamanischen Gréberfeldes
von Oerlingen (Kt. Ziirich). Diss. Ziirich.

Heidinger, A., and Viroulet, J.-J. (1986), Une nécropole du Bas-Empire a Sierentz:
fin du 4. siecle apres J.-C.. Uffheim: Société d'Histoire de la Hochkirch.

Helmuth, H. (1966), Die menschlichen Skelettfunde auf dem mittelalterlichen
Gertudenfriedhof in Kiel. Z. Morphol. Anthropol. 57,3. 272-298.

Henning, H. (2001), Grdber der Hallstattzeit in Bayerisch-Schwaben. Monographien
der Archédologischen Stattsammlung Miinchen 2. Stuttgart: K. Theiss Verlag.
Herrmann, B., and Dobner, U. (1988), Anthropologische Untersuchung der
Leichenbrinde von Flogeln, VoBbarg. Neue Ausgrabungen und Forschungen in
Niedersachsen 18,299-314.

Heuertz, M. (1957), Etude des Squelettes du Cimetiére Franc D’Ennery (Moselle).
Bulletins et Mémoires de la Société d’Anthrop. X, 1,2, 81-141.

Hingst, H. (1986), Urnenfriedhdfe der vorrémischen Eisenzeit im ostlichen Holstein
und Schwansen. Urnenfriedhofe Schleswig-Holsteins 9. Neumiinster: Wachholtz, 161-
178.

237



Hingst, H., Hummel, S., and H. Schutkowski (1990), Urnenfriedhéfe aus Schleswig-
Holstein. Germania 68.1., 167 ff.

Hintermann, D. (2000), Der Siidfriedhof von Vindonissa: archdologische und
naturwissenschaftliche Untersuchungen im romerzeitlichen Grdberfeld Windisch-
Ddgerli. Gesellschaft pro Vindonissa: Verdffentlichungen der Gesellschaft pro
Vindonissa 17. Brugg: Aargauische Kantonsarchiolgie.

Hitzeroth, H. (1965), Morphogenetische Untersuchung der Schretzheimer
Reihengriber. Anthrop. Anz. 29, 96-107.

Hohenseisen, M. (1993) (Hrsg.), Friihgeschichte der Region Stein am Rhein. Antiqua
26. Basel: Schweizerische Gesellschaft fiir Ur- und Frithgesch..

Holck, P. (1989), Skjelett materialet fra Peterskirken, Tonsberg. En antropologisk
rapport. Antropologiske Skrifter 2. Oslo: Aschehoug & Co.

Huber, N. (1967), Anthropologische Untersuchungen an den Skeletten aus dem
alamannischen Reihengrdberfeld von Weingarten, Kr. Ravensburg.
Naturwissenschaftliche Untersuchungen zur Vor- u. Friithgeschichte in Wiirttemberg
und Hohenzollern 3. Stuttgart: Miiller & Gréff.

Jemiller, E. (1996), Griber der jiingeren Merowingerzeit aus Weissenburg i. Bay..
Bericht Bayer. Bodendenkmalpflege 36/37, 1995/1996, 1996, 169-306.

Jennings, D., and Booth, P.M. (eds.) (1997), Asthall, Oxfordshire: Excavations in a
Roman ,Small Town’, 1992. Thames Valley Landsacapes Monograph 9. Oxford: Oxford
Archaeological Unit. Oxbow Books.

Joppek, W. (2001), Grdberfeld am Laiberg. Merowingerzeitliche Grdber in Wittendorf.
LoBburger Hefte 7. Roth: Schwarzwaldverein.

Jungwirth, J. (1963), Anthropologischer Befund der frithgeschichtlichen Skelette aus
Eggendorf a.W., p.B. Korneuburg, NO. Arch. Austriacae 34, 65-48.

Kaufmann, B., and Morgenthaler, P. (1975), Die menschlichen Skelettreste aus dem
spatromisch-volkerwanderungszeitlichen Griberfeld von Schiers. In: Hartmann-Frick,
H., Kaufmann, B., and Morgenthaler, P. (eds.), Die menschlichen Skelettreste und die
Wirtschaftsfauna aus dem spdtromisch-volkerwanderungszeitlichen Grdberfeld von
Schiers in Graubiinden. Schriftenreihe des Ritischen Museums Chur 19. Ziirich:
Ritisches Museum, 28 and 30.

Kaufmann, B., and Schoch, M. (1983), Ried/Miihleholzli. Ein Grdberfeld mit
friihmittelalterlichen und hallstattzeitlichen Bestattungen. Anthropologie. Freiburger
Archidologie 1b. Freiburg: Kantonaler archidologischer Dienst.

Kaufmann, B., and Schoch, W. (1991), Anthropologische Bearbeitung der Skelette
des romischen Reihengrdberfeldes von Tafers/Windhalta. Arch. Fribourgoise. Arch.
Fundber. 129-1609.

Kaufmann, B., Schoch, M., and Scheidegger, S. (1988), Anthropologische
Bearbeitung der menschlichen Skelettreste aus dem spédtromischen Gréberfeld von
Kerzers-Herrli. Arch. Fribourgoise. Arch. Fundber. 177-208.

Keiling, H. (1979), Glovzin. Ein Urnenfriedhof der vorrémischen Eisenzeit im Kreis
Perleberg. Beitrage zur Ur- und Frithgeschichte der Bezirke Rostock, Schwerin und
Neubrandenburg 12. Berlin: Dt. Verl. d. Wiss..

Keller, E. (1979), Das spdtromische Grdiberfeld von Neuburg an der Donau.
Materialhefte zur Bayerischen Vorgeschichte A 40. Kallmiinz/Opf: Verlag Michael
Lassleben.

Kirchengast, S. (1992), Romerzeitliche Brand- und Korperbestattungen aus Etzersdorf,
NO. Fundberichtes aus Osterreich 31, 267-271.

238



Kiszely, I. (1971), Esamo antropologico dei resti scheletrici della Necropoli Longobardi
di Castel Trosino. Atti e Memorie dell’Accademia Toscana di Scienze e Lettere "La
Columbaria" XXXVI, 113-161.

Kiszely, 1. (1970), Le caratteristiche antropologiche delle tombe longobarde di Fiesole.
Accademia Toscana di scienze e lettere ‘La Colombaria’. Florence: Leo S. Olschki.
Kiszely, 1. (1979), The Anthropology of the Lombards 1. BAR Internat. Ser. 61, L
Oxford: B.A.R.

Kiszelyné, H., and Kiszely, I. (1967), A Lencsepusztai Kelta Temet6 Embartani
Feldologozasa. Anthr. Kozlem. X1, 3,4, 187-198.

Knaut, M. (1993), Die alamannischen Grdberfelder von Neresheim und Késingen,
Ostalbkreis. Forschungen und Berichte zur Vor- und Friihgeschichte in Baden-
Wiirttemberg/ Landesdenkmalamt Baden-Wiirttemberg 48. Stuttgart: K. Theiss Verlag.
Konduktorova, T. (1958), ITAJIEOHTPOIIOJIOTMYECKUI MATEPUAJI WD
MOT'MJIBHUKA TIOJIEM TIOI'PEBAJIBHBIX YPH XEPCOHCKOM OBJIACTH
[Paleoantropologoeskij material izmogilinika polej ‘pogrebal’n’ich urn Chersonskoj
oblasti]. COBETCKAA AHTPOIIOAOI' UA [Sovetskar Antropol.] 2, 69 ft.

Kromer, K. (1959), Das Grdberfeld von Hallstatt. Florence: Sansoni.

Kiihl, 1. (1994), Leichenbrandanalysen einiger Brandgrdiberfelder von der Bronze- bis
zur frinkischen Zeit aus dem Kreis Wesel, Niederrhein. Anthropologische Beitridge 5.
Aesch: Anthropologisches Forschungsinst.

Lange, G. (1983), Die menschlichen Skelettreste aus dem Oppidum von Manching.
Ausgr. Manching 7. Wiesbaden: Steiner.

Leach, P. (2001), Fosse Lane, Shepton Mallet, 1990. Excavation of a Romano-British
roadside settlement in Somerset. Britannia monograph series 18. London: Soc. for the
Promotion of Roman Studies.

Leube, A. (1978), Ein germanischer Bestattungsplatz des 1. Jahrhunderts u.Z. Beitrdge
zur Ur- und Friihgeschichte der Bezirke Rostock, Schwerin und Neubrandenburg 11,
135-143.

Leube, A. (1978b), Neubrandenburg. Ein germanischer Bestattungsplatz d. 1. Jh. u. Z..
Beitrag zur Urgeschichte der Bezirke Rostock, Schwerin und Neubrandenburg 11.
Berlin: Dt. Verl. d. Wiss..

Liptak, P. (1961), Germanische Skelettreste von Hacs-Béndekpuszta aus dem 5. Jh..
Acta Arch. Acad. Scient. Hung. 13, 231-246.

Lombardi Pardini, E., and Pardini, E. (1977), Studio antropologio do alcuni resti
scheletrici umani di Ficana (VI sec a.C.), nel Lazio. Arch. per’Antrop. e la Etnol. CVII,
361-358.

Lonnée, H., and Maat, G. (1998), Inhumations in a Roman Cemetery at Valkenburg-
Marktveld (Zuid Holland) in the Netherlands. Barge’s Anthropologica 3. Leiden:
University Medical Center.

Ludwig, R., and Wahl, J. (1986), Das friihromische Brandgrdberfeld von
Schankweiler, Kreis Bitburg-Priim. Tier: Rheinisches Landesmuseum.

Maat, G. (2003), Male Stature. A parameter of Health and Wealth in the low countries,
50-1997 AD. In: Metz, H. (ed.), Wealth, health and Human Remains in Archaeology.
Symposium Vijfentwintigste Kroon-Vooordracht. Amsterdam: Stichting Nederlands
Museum.

Maat, G., et al. (2002), Citizens buried in the ‘Sint Janskerhof’ of the ‘Sint Jans’
Catherdral of ‘s-Hertogenbosch in the Netherlands ca. 1450 and 1830-1858 AD.
Barge’s Anthropologica 8. Leiden: Barge’s Anthropologica Leiden University Medical
Center.

239



MacCarthy, M. R. (1990), A Roman, Anglian and medieval site at Blackfriars Street,
Carlisle excavations 1977 — 79. Cumberland and Westmorland Antiquarian and
Archaeological Society research series 4. Kendal: Carlisle Archaeological Unit.
Macchiarelli, R., and Salvadei, L. (1988), Lo scheletro post-craniale negli inumati
della comunita’ dell’Eta del Ferro di Alfedana (L’Aquila). Riv. Antropol. LXVI, 37-54.
Mainz Serie 50018, Vallois (1935), Kerné.

Mainz Serie 50019, Vallois (1935), Toul-Bras

Mainz Serie 50020, Vallois (1935), Port-Bara

Mainz Serie 50138, Angel (1968), Magdalenska Gora.

Mainz Serie 70504, Busse (1934), Havelland

Mainz Serie 50525, Schlaginhaufen (1942), Bonaduz.

Mainz Serie 50629, Chabeuf (1978), Cote-d'Or.

Mainz Serie 60227, Pacher (1949), Carnuntum.

Mainz Serie 70034, Fleury-Cuello (1932), Oberrotweil (Baden).

Majnari¢ Pandzi¢, N. (2003), Ein spithallstattzeitliches Griberfeld in Vinkovci
(Nordostkroatien) und das Problem eines neuen Phdnomens der Pferdeausstattung in
diesem Gebiet. Germania 81,2, 481-511.

Manzi, G., Salvadei, L., and Passatello, P. (1995), La necropoli longobarda se “La
Selvicciola” (Ischia di Castro, Viterbo). I - Aspetti generali e stime paleodemografiche.
Riv. Antropol. 73, 255-264.

Marcozzi, V. (1962), Osservazioni antropologiche su alcuni rinvenimenti della Val di
Fiemme. Arch. per’Antrop. e la Etnol. XCII, 161-223.

Marcozzi, V., and Cesare, B. (1966), Le ossa lunghe della citta di Spina. Arch.
per’Antrop. e la Etnol. 96, 1-22.

Martuzzi Veronesi, F., and Malacarne, G. (1968), Note antropologiche su reperti
romani e medioevali del territorio di Classe (Ravenna). Arch. per’Antrop. e la Etnol.
XCVIII 3, 147-164.

Maxia, C. (1951/52), Sull’Antropologia dei Protosardi Sinossi iconografica Riv.
Antropol. XXXIX. 133 ff

Messeri, P. (1963), Scheletri etruschi provenienti da Populonia. Arch. per I’Antrop. 93,
165-187.

Meyer, Ch. (2001), Biokulturelle Aspekte der menschlichen Skelettfunde aus der
spatromischen Grabkammer am Reichertsberg, Trier-W. Trierer Zeitschr. 64, 217-244.
Miki¢, Z. (1984), Beitrag zur Anthropologie spdtromischer bis spdtmittelalterlicher
Bevilkerungen Jugoslawiens. Godisnjak XXII — Centar za Balkanoloska Ispitivanja
Knjiga 20. Sarajevo: Akademija Nauka I Umjetnosti bosne I Hercegovine.

Miszkiewicz, B. (1967), Ludno$¢ Sredniowieczna (XIII-XIV W.N.E.) Opola w $wietle
badan antropologicznych. Materialy i prace anthropologiczne 88,90, 95-106.
Miszkiewicz, B. (1974), Analiza antropologiczna materiatokostnych z ostrowa
tumskiego (Katedra Wroctawska) z XVI-XVII w. Materialy i prace anthropologiczne
74, 99 ff.

Miiller, Ch. (1966), Ergebnisse der anthropologischen Untersuchung der
Leichenbrinde von Gréfenhainichen, Mark Gradewitz. Mitteilungen der Sektion
Anthrop. der Biologischen Gesellschaft in der DDR 18, 45-52.

Miiller, Ch. (1974), Leichenbrinde von Gréifenhainichen. Jahresschr. Mitt dkt.
Vorgesch. 58, 275 — 294.

Miiller, Ch. (1979), Anthropologische Bemerkungen zu den Leichenbrianden der
romischen Kaiserzeit aus Schweinitz, Kr. Jessen. Verdffentlichungen des Museums fiir
Ur- und Friihgeschichte Potsdam 12, 123-128.

240



Miiller, Ch. (1979b), Ergebnisse der anthropologischen Untersuchung der
Leichenbrinde aus dem kaiserzeitlichen Gréberfeld von Zethlingen, Kr. Kalbe/M.
Zeitschr. Arch. 13, 265-278.

Miiller, Ch., and Westphal, H. (1976), Anthropolgosche Untersuchung der
Leichenbrinde vom germanischen Gréberfeld Kemnitz, Kr. Potsdam-Land.
Veroffentlichungen des Museums fiir Ur- und Friihgeschichte Potsdam 10, 131-1440.
Miinter, H. (1936), A study of the length of the long bones of the arms and legs in man,
with special reference to Anglo-Saxon Skeletons. Biometrica 28, 258-294.

Nemeskéri, J., and Deak, M. (1954), Intercisa I (Dunapentele-Sztalinvaros) —
Geschichte der Stadt in der Romerzeit. Arch. Hung. ser nova XXXIII, 124 -141.
Nemeskéri, J., and Deak, M. (1954b), A Magyarorszagi Keltdk Embertani Vizsgalata.
Biol. Kozl. 2, 153-198.

Niedermann, H. (1987), Anthropologische Untersuchung des romischen
Brandgrdberfeldes Schirenhof (Schwdbisch Gmiind). Diss. Freiburg 1. B..
Niggli-Hiirlimann, B. (1934), Die Grédberfunde von Oberburg (Aargau). Bull.
Schweizer Ges. Anthrop. Ethnol. 10, 7-9.

Olah, S., Pacciani, E., and Concetti, S. (1993), Anthropological examination of the
Etruscan bone material from Magliano in Toscana, Cancellone 1, Grosseto, Italy.
Internat. J. Anthrop. 8,3, 155-161.

Pagni, G., and Mallegni, F. (1998), Paleobiologia di un gruppo di inumati di epoca
tardo antica da una villa rustica romana, rinvenuti in localita S. Vincenzino di Cecina
(Livorno). Arch. per’Antrop. e la Etnol. CXXVIII, 41-63.

Pardini, E., Fulciniti, G., and Pardni, E. (1991), Stomatologia, dimorfismo sessuale e
struttura biologica dei una opulazione campana del VII-IV secolo a.C.. Arch.
per’Antrop. e la Etnol. CXXI, 3-43.

Pardini, E., and Vaghetti Lazzeroni, M. (1974), I resti umani d’epoca tardo-romana
(II-IV ¢.C.) della grotta dello Scoglietto (Grosseto). Arch. per ’Antrop. e la Etnol. 104,
337-385.

Peschel, Ch., and Spennemann, D. (1986). Anthropologische und archdozoologische
Untersuchungen an Knochenresten aus den mittel- und spétlaténezeitlichen Grébern von
Ulversheim, Kr. Mainz-Bingen. Arch. Korrbl. 16, 323-333.

Philipp, R. (1987). Morphometrische und epigenetische Analyse der Skelettreste des
merowingerzeitlichen Grdberfeldes von Grof3-Gerau. Diss. Gerau.

Planson, E. (ed.) (1982), La nécropole gallo-romaine des Bolards. Nuits-Saint-
Georges. Paris: Ed. du Centre National de la Recherche Scientif..

Pollath, R. (2002), Karolingische Grdiberfelder in Nordostbayern. Eine archdologisch-
historische Interpretation mit der Vorlage der Ausgrabungen von K. Schwarz in
Weismain und Thurnau-Alladorf. I und II. Munich: Arethousa.

Polfer, M. (1996), Septfontaines-Déckt: Das galloromische Brandgrdiberfeld und der
dazugehorige Verbrennungsplatz von Septfontaines-Déckt (Luxemburg). Musée
National d'Histoire et d'Art Luxembourg: Dossiers d'archéologie du Musée National
d'Histoire et d'Art 5. Luxembourg: Musée National d'Histoire et d'Art.

Pool, G. (1935), Uber Knochenreste aus LaTéne-Griibern der Engehalbinsel bei Bern.
Bull. Schweizer Ges. Anthrop. Ethnol. 11, 12-14.

Preuschoft, H. (1964), Die Skelettreste aus dem Gréberfeld von Nebringen. In: Kémer,
W. (ed.), Das keltische Grdiberfeld von Nebringen. Verdftentlichungen des staatlichen
Amtes fiir Denkmalpflege Stuttgart A 8. Stuttgart: Verlag Silberburg, 31-37.
Preuschoft, H., and Schneider, H. (1969), Die Skelettreste aus der Ev. Pfarrkirche St.
Veit zu Unterregenbach (Gde. Langenburg, Wiirttemberg). Anthrop. 7,1, 55-69.

241



Rahtz, P., Hirst, S., and Wright, S. M. (2000), Cannington cemetery: Excavations
1962 - 3 of prehistoric, Roman, post-Roman, and later features at Cannington Park
Quarry, near Bridgewater, Somerset. Britannia monograph series 17. London: The
Society for the Promotion of Roman Studies.

Ramseyer, D. (1997), Une nécropole celtique a Chietres (Kerzers) FR. Arch. Schweiz
10,3, 126-132.

Ranco, D. (1990), Studio antropologicao del material scheletrico di epoca medievale (X
- XIII sec.) da S.Pietro di Cavallermaggiore (Piemonte). Riv. de Anthrop (Roma)
LXVIIL, 241-252.

Reinecke, P. (1898), Beschreibugen der Skelettreste aus dem Flachgriaberfelde von
Manching. Beitrdge Anthrop. Urgesch. Bayerns 12, 27-36.

Rocchetti, A., and Pardini, E. (1975), Gli inumati della chiesa di S. Egidio (Firenze).
Arch. per’Antrop. e la Etnol. CV, 183-214.

Rohrer-Ertl, O. (1987), Das Brand- und Korpergrdberfeld ,,Schwabmiinchen 1978 “:
Anthropologische Fallstudie zu Bevélkerungsbiologie, Bevolkerungsgeschichte und dem
ethnischen Wandel in der romischen Provincia Raetia. Hohenschéftlarn: Renner.

Roth, H. (1984), Hessen im Friihmittelalter, Archdologie und Kunst. Ausstellung des
Museums fiir Vor- und Friihgeschichte im Auftrag des Dezernats Kultur und Freizeit
der Stadt Frankfurt am Main und des Vorgeschichtlichen Seminars der Philipps-
Universitdt Marburg a. d. L.. Sigmaringen: Thorbecke.

Roth, H., and Theune-Vogt, C. (1995), Das friihmittelalterliche Grdiberfeld bei
Weingarten (Kr. Ravensburg). Forschungen und Berichte zur Vor- und Friihgeschichte
in Baden-Wiirttemberg 44. Stuttgart: K. Theiss Verlag.

Roudenko, M. (1914), Etude de sqelettes Gaulois. Bull. Soc. d’Antrop. 1914, 257-268.
Rozoy, J.-G. (1987), Les Celts en Champagne — Les Ardennes au second Age du Fer: le
Mont Troté, les Rouliers. Vol. 1. Charleville-Meziers: Société Archéologique
Champenoise.

Rubini, M. (2004), Sepolture musulmane a Lentini (Siracusa, Sicilia, X-XI sec. d.C.).
Evidenze di Antropologia. Arch. per’Antrop. e la Etnol. CXXXIV, 183-195.

Rubini, M., and Coppa, A. (1991), Studio antropologico sugli inumati della necropoli
arcaica di Rio Freddo /Lazio, VI sec. a.l.). Riv. Antropol. LXIX, 153-166.

Rubini, M., and Fulcheri, E. (1988), Resti umani rinvenuti presso le antiche terme di
Cotilia, VI-VII sec. a.c. (Cittaducale, Rieti). Riv. Antropol. LXVI, 267-270.

Rubini, M., and Navarro, B. (1996), Resti scheletrici di epoca romana rinvenuti presso
Gallicano (Roma, Lazio, IV sec. d.C.). Morfometria dello scheletro post-craniale ed
indicatori scheletrico/dentali di stress. Arch. per’Antrop. e la Etnol. CXXVI, 107-121.
Rubini, M., Mogliazza, S., Bonafede, E., Moreschini, L., and Batoli, F. (1999),
Contributo alla conoscenza degli Etruschi: la necropoli del Ferrone, Tolfa, Lazio (VII —
Vlsec. a.C.). Arch. per’Antrop. e la Etnol. CXXIX, 123-142.

Schaefer, U. (1963), Anthropologische Untersuchung der Skelette von Haithabu. Die
Ausgrabungen von Haithabu 4. Neumiinster: Wachholtz.

Schafberg, R. (1998), Das Urnengrdiberfeld vom Roten Berg bei Loitsche, Ldkr.
Ohrekreis, Sachsen-Anhalt. Anthropologische Bearbeitung der Leichenbrdnde.
Veroffentlichungen des Landesamtes fiir Archdologie, Landesmuseum fiir
Vorgeschichte, Sachsen-Anhalt 52. Halle (Saale): Landesamt fiir Archéologie.

Schenk, A. (1905), Les ossements humains du Cimeti¢re gallo-helvéte de Vevey. Bull.
Soc. Vaud. SC. Nat. 41, 271-279.

Schmidt, R., and Kunter, M. (1996), Rémerzeitliche Grdber aus Siidhessen.
Untersuchungen zu Brandbestattungen. Materialhefte zur Vor- und Frithgeschichte von
hessen 17. Wiesbaden: Selbstverlag des Landesamtes fiir Denkmalpflege Hessen.

242



Schleifring, J. (1983), Versuch einer anthropologischen Bearbeitung spatrémischer
Skelettreste von GroB-Gerau ,,Auf Esch® unter besonderer Beriicksichtigung von Alter,
Geschlecht, Korperhohe und Stellung zu anderen vor- und frithgeschichtlichen
Bevdlkerungen. Arch. Informationen 6/2, 57-60. & master’s thesis

Schott, L. (1963), Die Korperhohen der Méanner in drei slawischen Fundkomplexen.
Veroffentl. Mus. Ur- u. Friihgeschichte Potsdam 2, 60-65.

Schott, L. (1963b), Zur Korperhohe der hochmittelalterlichen Reckahner
Landbevdlkerung. Veroffentl. Mus. Ur- u. Friihgeschichte Potsdam 2, 113-119.
Schroter, P. (1986), Die menschlichen Skelettfunde des Begrdbnsplatzes der
spatromischen Anlage auf der Burg Sponeck. In: Swoboda, R. (ed.), Die spdtromische
Befestigung Sponeck am Kaiserstuhl. Miinchner Beitr. Vor- u. Frithgesch. 36. Munich:
C.H. Beck, 151-190.

Schroter, P. (1993), Zur Anthropologie der Romischen Kaiserzeit im Regensburger
Raum. In: Fischer, T. (ed.), Das Umland des Romischen Regensburg. Miinchner
Beitrdge zur Vor- und Frithgeschichte 42. Munich: C.H. Beck, 347-408.

Schroter, P. (1993b), Anthropologischer = Bericht tiiber  kaiserzeitliche
Korperbestattungen von Seebruck und Poing. In: Fasold, P. (ed.), Das romisch-norische
Grdberfeld von Seebruck-Bedaium. Materialhefte zur Bayerischen Vorgeschichte A 64.
Kallmiinz/Opf.: Lassleben, 121-139.

Schroter, P. (2000), Anthropologie zur Romerzeit. In: Wamser, L., Fliigel C., and
Zieghaus, B. (eds.), Die Romer zwischen Alpen und Nordmeer: Zivilisatorisches Erbe
einer europdischen Militdrmacht. Ausstellungskatalog Rosenheim 2000. Mainz: von
Zabern, 177-181.

Schulz, W., and Grimm, H. (1953), Leuna. Ein germanischer Bestattungsplatz der
spdtromischen Kaiserzeit. Berlin: Akad.-Verl.

Schwerz, F. (1915), Die Vélkerschaften der Schweiz von der Urzeit bis zur Gegenwart.
Eine anthropologische Untersuchung. Studien und Forschungen zur Menschen- und
Volkerkunde 13. Stuttgart: Strecker und Schroder.

Schwidetzky, 1. (1961), Menschliche Uberreste aus frinkischen Reihengribern der
Wetterau. Fundberichte aus Hessen 1, 110-114.

Pauli, L. (1978), Der Diirrnberg bei Hallein. Katalog der Grabfunde aus der Hallstatt-
und Laténezei 3: Auswertung der Grabfunde: Veroffentlichung der Kommission zur
Archidologischen Erforschung des Spatromischen Raetien: Munich: C.H. Beck.
Sellevold, B. (1984), Prehistoric man in Denmark: a study in physical anthropology.
Det kongelige Nordiske Ol-skriftselskab. Nordiske fortidsminder B. Copenhagen:
Munksgaard.

Sherlock, S., and Welch, M. (1992), An Anglo-Saxon Cemetery at Norton, Cleveland.
CBA Research Report 82. London: Council for British Archaeology.

Siegmund, F. (1996), Das Grdiberfeld der jiingeren romischen Kaiserzeit von Costedt.
Bodenaltertiimer Westfalens 32. Mainz a.R.: von Zabern.

Skaarup, J. (1976), Stengade II. en langelandsk gravplads med grave fra romersk
jernadler og vikingetid. Rudk@bing: Langelands Museum.

Sperduti, A., Manzi, G., Salvadei, L., and Passarello, P. (1995), I longobardi La
Selvicciola (Ischia di Castro, Viterbo). II — Morfologia a morfometria scheletrica. Riv.
Antropol. 73, 265-279.

Stead, I. (2001), [ron Age Cemeteries in East Yorkshire. Excavations at Burton
Fleming, Rudston, Garton-on-the-Wolds, and Kickburn. English Heritage
Archaeological Report 22 London: British Museum Press.

243



Stead, I. M., and Rigby, V. (1986), Baldock: The excavation of a Roman and pre-
Roman settlement, 1968 — 72. Britannia monograph series 7. London: Soc. for the
Promotion of Roman Studies.

Steinklauber, U., and Schweder, B. (2002), Das spdtantike Grdiberfeld auf dem
Frauenberg bei Leibnitz, Steiermark. Fundberichte aus Osterreich: Materialhefte A, 10.
Horn: Berger.

Stenberger, M., and Klindt-Jensen, O. (1951), Vallhager. A migration period
settlement on Gotland/Sweden. Copenhagen: Munksgaard, 724-765.

Stloukal, M. (1962), Marasky Pii¢ver K Antropologii Keltt. Pamatky Archeologické
LI, 155-173.

Sydow, W. (2004), Die spatromischen Korpergriaber vom Lorenzi-Acker, Wilten, SG
Innsbruck. Fundber. Osterreich 43, 551-620.

Szilvassy, J. (1976), Anthropologischer Befund des romerzeitlichen Gréberfeldes von
Brunn am Gebirge. Fundber. Osterreich 15, 81-84.

TED'A, Taller Escola d'Arqueologia (ed.) (1987), Els enterraments del Parc de la
Ciutat i la problematica funeraria de Tarraco. Memories d'excavacid 1. Tarragona.
Topal, J. (1993), Roman cemeteries of Aquincum, Pannonia. The W-Cemetrey (Bécsi
Road). Budapest: Budapesti Torténeti Muzeum.

Téth, T. (1962), A Bogadi Késorémaikori Temetd (Paleoantropologiai Vazlat). A4
Jannus Pannonius Muzeum Evkonyve, 137-152.

Ullrich, H. (1970), Anthropologische Untersuchung der 1967 aus dem Gréberfeld von
Haven, Kreis Sternberg, geborgenen menschlichen Skelettreste.  Jahrb.
Bodendenkmalpflege Mecklenburg 283-306.

Urbschitz, B., and Winkler, E-M. (1985/86), Spitantike Skelette vom Ulrichsberg in
Kiarnten. Fundberichte aus Osterreich 25, 187-196.

Vago, E., and Bona, 1. (1976), Die Grdberfelder von Intercisa: Der spdtromische
Stidost-Friedhof. Budapest: Akadémiai K.

Volk, P., Niedermann, H., and Schneider, B. (1988), Frauen am romischen Limes.
Anthropologische Rekonstruktion der Bevolkerung von Kastell und Vicus Schirenhof.
In: Hilgarth, M., and Mo6nig-Schuth, M. (eds.), Festschrift Prof. Dr. H.-G. Hillemanns
zum 65. Geburtstag. Konstanz: Druckerei am Fischmarkt, 549 ff.

Wagner, K. (1927), Mittelalter-Knochen Oslo. Eine Untersuchung 3534 langer
Knochen nebst 73 ganzer Skelette. Skrifter Utgitt av det Norske Videnskaps-Akademi u
Oslo I. Mat.-Naturv. Klasse 1926,7. Oslo: I Kommisijon Hos Jacob Dybwad.

Wahl, J., and Kokabi, M. (1988), Das rémische Grdberfeld von Stettfeld I —
Osteologische Untersuchungen der Knochenreste aus dem Grdberfeld. Stuttgart: K.
Theiss Verlag.

Wahl, J., und Kokabi, M. (1987), Osteologische Untersuchungen an spatromischen
Skelettresten aus Konstanz. Fundberichte aus Baden-Wiirttemberg 12, 439 {f.

Weis, M. (1999), Ein Grdiberfeld der spdten Merowingerzeit bei Stetten an der Donau
Landesdenkmalamt Baden-Wiirttemberg. Materialhefte zur Archdologie in Baden-
Wiirttemberg 40. Stuttgart: K. Theiss Verlag.

Wenger, S. (1968), Data to the Anthropology of a Late Roman period population in the
SE Transdanubia. Annales Historico-Naturales Muesei Nationalis Hungarici. Pars
anthropologica 60, 313-339.

Wenger, S. (1972), Anthropological Examination of the Osteological Material Deriving
from the Avar Period cemetery at Tiszavasvar (Hungary). Anthrop. Hung. XI, 5-81.
Wenger, S. (1974), Déldunantul avarkori népességének embertani problémai. Anthrop.
Hung. XIII, 5-86.

244



Wenham, L. (ed.) (1968), The Romano-British Cemetary at Trentholm Drive, York.
Ministry of Public Building and Works Archaeological Reports 5. London: Her
Majesty’s Stationary Office.

Werdelin, L. (1985), Stature of some Swedish populations. Fornvdnnen 80,2, 133-141.
Wilson, P. (2002), Cataractonium, Roman Catterick II: Roman Catterick and its
hinterland; excavations and research, 1958 — 1997. York: Council for British
Archaeology.

Wiltschke-Schrotta, K., and Teschler-Nicola, M. (1991), Das spdtantike Grdiberfeld
von Lentia/Linz, Tiefer Graben / Fliigelhofgasse. Anthropologiesche Auswertung.
Linzer Archdologische Forschungen 19. Linz: Stadtmuseum Linz-Nordico.

Winkler, E.-W., Plenk, H., and Losert, A. (1986), Die Skelettfunde aus der
Pfarrkirche St.Martin in Jedenspeigen/NO. Fundbericht aus Osterreich 24/25, 49-52.
Wolf, M. (1998), Ergebnisse makro- und mikroskopischer Untersuchungen an den
romischen Brandgribern von Rheinzabern (Rheinland-Pfalz). Diss. Frankfurt a.M.
Wright, W. (1906), Early Iron Age Burials in Yorkshire. Archaeologia: Society of
Atiquaires of London LX, 313-324.

Wurm, H. (1985a), Die Koperhohe deutscher Harnischtrager. Ein Beitrag zur Frage der
durchschnittlichen Koérperhdhen der Soldaten im Deutschen Reich im 16. und 17.
Jahrhundert unter Beriicksichtigung regionaler und sozialer Unterschiede und
anthropologischen Vergleichmaterials. Zeitschr. Morph. Anthrop. 75,2, 155-188.
Wurm, H. (1985b), Uber die durchschnittlichen Képerhdhen der sozialen Mittel- und
Unterschichten im  mitteleuropdischen  germanischen  Siedlungsraum  vom
Friihmittelalter bis zur Neuzeit. Anthropol. Anz. 43,1, 11-30.

Wurm, H. (1986), Konstitution und Erndhrung 1IV: Korperhdhen und
Langenbreitenindices bei volkerwanderungszeitlich-frithmittelalterlichen nordischen
und germanischen Stammesverbanden. Anthropol. Anz. 44, 186-213.

Ziegelmayr, G. (1977), Die menschlichen Skelette von St.Ulrich und Afra in
Augsburg. Die anthropologische Auswertung. In: Werner, J. (ed.), Die Ausgrabungen in
St. Ulrich und Afra in Augsburg 1961-1968. Munich: C.H. Beck, 523-574.

Literature

Acsadi, G, and Nemeskéri, J. (1970), History of human lifespan and mortality. Budapest:
Akademiai Kiado.

Al Gasseer, N., Dresden, E., Keeney, G., and Warren, N. (2004), Status of women and
infants in complex humanitarian emergencies. Midwifery Womens Health 49, 4 Suppl. 1, 7-13.
Al-Dabbagh, A., and Ebrahim, G. (1984), The preventable antecedents of malnutrition. J.
Trop. Pediatr. 30, 50-52.

Aldermann, H., and Gerter, P. (1997), Family resources and gender differences in Human
capital investments. In: Haddad. L., Hoddinott, J., and Aldermann, H. (eds.), Intrahousehold
Resource Allocation. Baltimore: John Hopkins Press.

Alfonso, M., Thompson, J., and Standen, V. (2005), Reevaluating Harris lines — a comparison
between Harris line and enamel hypoplasia. Coll. Antropol. 29,2, 393-408.

Allen, R. (2000), Economic structure and agricultural productivity in Europe. Europ. Rev. Econ.
Hist. 4,1, 1-26.

Allen, R. (2003), Progress and Poverty in Early Modern Europe. Economic History Review
56,3, 403-443.

245



Allen, R. (2007), How prosperous were the Romans? Evidemce from Diocletioan’s price edict
(301 AD). University of Oxford Department of Economics Discussion Paper Series 363.
Al-Tamini, H., Rottinghaus, G., Spiers, D., Spain, J., Chatman, D., Eichen, P., and Carson,
T. (2003), Thermoregulatory response of dairy cows fed ergotized barley during summer heat
stress. J. Vet. Diagn. Invest. 15,4, 355-360.

Amann, P. (2000), Die Etruskerin. Geschlechtsverhdltnis und Stellung der Frau im friihen
Etrurien (9.-5. Jh. v. Chr.). Archiologische Forschungen 5. Vienna: Verlag der Osterreichischen
Akademie der Wissenschaften.

Amorosi, T., Woollett, J., Perdikaris, S., McGovern, T. (1996), Regional Zooarchaeology
and Global Change: Problems and Potentials. World Arch. 28,1, 126-157.

Amstadt, J. (1994), Die Frau bei den Germanen. Matriarchalische Spuren in einer
partriarchalischen Gesellschaft. Stuttgart: Verlag W. Kohlhammer.

Anderson, A. (1994), Sexual Selection. Princeton: Princeton University Press.

Anderson, T.-H., Kreitz, S. (1997), Verschiebung des Pilz/Bakterien-Verhéltnisses und der
Substratnutzung von Mikroorganismen-Gesellschaften in Abhéngigkeit vom Boden-pH.
Schriftenreihe des Bundesministeriums fiir Erndhrung, Landwirtschaft und Forsten. Reihe A:
Angewandte Wissenschaft: Biologische Vielfalt in Okosystemen - Konflikt zwischen Nutzung und
Erhaltung 465, 408-410.

Angel, J. (1984). Health as a crucial factor in the changes from hunting to developed farming.
In: Cohen, M., and Armelagos, G. (eds.), Palaepathology at the Origins of Agriculture.
Orlando: Academic Press, 51-74.

Arcaleni, E. (2006), Secular trend and regional differences in the stature of Italians. Econ. Hum.
Biol. 4,1, 24-38.

Armelagos, G. (1990), Health and Disease in Prehistoric Populations in Transition. In:
Swedlund, A., and Armelagos, G. (eds.), Disease in Populations in Transition. New York:
Bergin and Garvey, 127-144.

Arnold, B. (2002), “Sein und Werden”. Gender as process in Mortuary Ritual. In: Nelson and
Rosen-Ayalon (eds.), 239-256.

Arnold, K. (1989), Die Frau als Autorin - und die Autorin als Frau - im europdischen
Mittelalter. In: Martin and Zoeppfel (eds.), 709-730.

Aspock, H., Barth, F., Flamm, H., and Picher, O. (1973), Parasitire Erkrankungen des
Verdauungstraktes bei prahistorischen Bergleuten von Hallstatt und Hallein. Mitt. Anthrop. Ges.
Wien 53, 41-47.

Bach, A. (1965), Zur Berechnung der Korperhdhe aus den langen GliedmaBenknochen
weiblicher Skelette. Anthrop. Anz. 29, 12-21.

Baig-Ansari, N., Rahba, M., Bhutta, Z., and Badruddin, S. (2006), Child’s gender and
household food insecurity are associated woth stuntig among young Pakistani children residing
in urban sqatter settlements. Food Nutr. Bull. 27,29, 114-127.

Bairoch, P. (1976), Population urbaine et taille des villes en Europe de 1600 a 1070. Rev. Hist.
Econ. Soc. 53, 304-335.

Baitinger, H. (1999), Die Hallstattzeit im Nordosten Baden-Wiirttembergs. Materialhefte zur
Archiologie in Baden-Wiirttemberg 46. Stuttgart: K. Theiss Verlag.

Bandarage, A. (1997), Women, population and global crisis. A political-economic analysis.
London: Zed books.

Barfield, L., and Chippindale, C. (1997), Meaning in the later Prehsitoric Rock-Engravings of
Mont Bego, Alpes-Maritimes, France. Proceed. Prehist. Soc 63, 103-128.

Barrett, T., and Rossiter, P. (1999), Rinderpest: The disease and its impact on humans and
animals. Adv. Virus Res. 53, 89-110.

Bartosiewicz, K., Van Neer, W., Lentacker, A. (1997), Draught Cattle: their Osteological
Identification and History. Annalen zodlogische Wetenschappen 281. Tervuren: Koniklijk

246



Museum voor Midden-Afrika.

Baten, J. (1995), Erndhrung, wirtschaftliche Entwicklung und Bevolkerungswachstum.
Historicum Som. 26 — 31.

Baten, J. (1999), Erndhrung und wirtschaftliche Entwicklung in Bayern (1730 — 1880). Beitr.
Wirtschafts- und Sozialgesch. 82. Stuttgart: Franz Steiner Verlag.

Baten, J. (2000), Economic Development and the Distribution of Nutritional Resources in
Bavaria, 1797-1839. J. Income. Distrib. 9, 89-106.

Baten, J. (2002), Climate, Grain Production and Nutritional Status in 18th Century Southern
Germany. J. Europ. Econ. Hist. 30,1, 9-47.

Baten, J. (2007), Global height trends in industrial and developing countries, 1810-1984: an
overview. Working Paper University of Tuebingen.

Baten, J., and Fraunholz, U. (2004), Did Partial Globalization Increase Inequality? The Case
of the Latin American Periphery, 1950-2000. CESifo Economic Studies 50.1, 45-84.

Baten, J., and Komlos, J. (1998), Height and the Standard of Living. J. Europ. Econ. Hist.
57,3, 866-870.

Baten, J., and Murray, J. (1998), Womens stature and Marriage Markets in Pre-Industrial
Bavaria. J. Fam. hist. 23,2, 124-135.

Baten, J., and Murray, J. (2000), Heights of Men and Women in Nineteenth Century Bavaria:
Economic, Nutritional, and Disease Influences. Explor. Econ. Hist. 37, 351-369.

Baten, J., and van Zanden, J.-L. (2007), Book Production and the Onset of Early Modern
Growth. J. of Econ. Growth 2008.

Online First™: http://www.springerlink.com/content/d781555085063413/fulltext.pdf

Baten, J., and Woitek, U. (2001), Grain Price Fluctuation and witch hunting un Bavaria.
EconPapers Working Paper.

Beard, A., and Blaser, M. (2002), The ecology of height: The effect of microbial ransmission
on human height. Perspectives Biol. Med. 45,4, 475-498.

Bechert, T. (1999), Orbis Provincarum. Die Provinzen des Romischen Rieches: Einfiihrung und
Uberblick. Mainz a.Rhein: von Zabern.

Becker, C. (1980), Die Knochenfunde aus Bosau, einem mittelalterlichen Siedlungsplatz am
Grof3en Ploner See (Grabung 1970-1973). In: Hinz, H. (ed.), Bosau — Untersuchung einer
Siedlungskammer in Ostholstein. Naturwissenschaftliche Untersuchungen 4, Neumdiinster:
Wachholtz.

Behrensmeyer, A. (1993), Discussion: Noncultural Processes. In: Hudson, J. (ed.), From Bones
to Behaviour. Ethnoarchaeological and Experimental Contributions to the Interpretation of
Faunal Remains. Carbondale: Board of Trustees, Southern Illinois University, 342-348.

Beinhauer, K. (1985), Untersuchungen zu den eisenzeitlichen Bestattungspldtzen von Novilara
(Provinz Pésaro und Urbino, Italien): Archdologie, Anthropologie, Demographie; Methoden
und Modelle. Frankfurt a.M.: Haag und Herchen.

Benecke, N. (1986), Die Entwicklung der Haustierhaltung im siidlichen Ostseeraum. Weimarer
Monographien zur Ur- und Frithgeschichte 19. Beitrdge zur Archidozoologie V. Volkswacht
Gera, Weimar.

Bennett, D., and Eisenstein, E. (2001), Adolescent health in a globalised world: a picture of
health inequalities. Adolesc. Med. 12,3, 411-426.

Bennike, P. (1985), Paleopathology of Danish Skeltons. A comparative study of demography,
disease, and injury. Copenhagen: Akedmisk Forlag.

Bérenger, D. (2000), Zur Chronologie der vorromischen Eisenzeit und romischen Kaiserzeit in
Nordost-Westfalen. Bodenaltertimer Westfalens 38. Mainz: von Zabern.

Bevan, L. (1997), Skin scrapers and pottery makers? ‘Invisible’ women in prehistory. In: Moore
and Scott (eds.), esp. 81-87.

247



Beyneix, A. (2007), Réflexions sur les débuts de la guerre au Néolithique en Europe occidentale
— Remarks about the beginnings of the war in the Neolithic of Western Europe. L 'Anthrop.
111,1, 79-95.

Binant, P. (1999), Les sépultures du paléolithique. Paris: Editions Errance.

Bisel, S. (1988), Nutrition in First Century Herculaneum. Anthrop. XXVI/1, 61-66.

Bjorn, L., and McKenzie, L. (2007), Attempt to Probe the Ozone Layer and the Ultraviolett-B
levels of the Past. Ambio 36,5, 366-370.

Bockius, R., and Luczkiewicz, P. (2004), Kelten und Germanen im 2. - 1. Jahrhundert vor
Christus. Archdologische Bausteine zu einer historischen Frage. Monographien Romisch-
Germanisches Zentralmuseum 58. Mainz: Verl. des Romisch-Germanischen Zentralmuseums.
Boessneck, J., and Wiedemann, U. (1972), Die Tierknochenfunde von Werlaburgdorf/Liet, Kr.
Goslar. Ausgrabungen und Forschungen in Niedersachsen 7, 381-400.

Bogin, B. (1988), Patterns of Human Growth. Cambridge: Cambridge University Press.

Bogin, B. (1991), Measurement of Growth Variability and Environmental Quality in Guate-
malan Children. Ann. Hum. Biol. 18, 285-294.

Bogin, B. (1996a), Human growth and development from evolutionary perspective. In: Henry
and Uljjaszek (eds.), 7-24.

Bogin, B. (1996b), Childhood in evolutionary and biocultural perspective. In: Heney, C., and
Ulijaszek, S. (eds.), Long Term Consequences of Early Environment. Cambridge: Cambridge
University Press, 7-24.

Bogin, B. (1999), Patterns of Human Growth. Cambridge: Cambridge University Press.

Bogin, B. (2001), The Growth of Humanity. New York: Wiley-Liss.

Bogin, B., and Keep, R. (1999), Eight thousand years of economic and political history in Latin
America revealed by anthropometry. Ann. Hum. Biol. 26,4, 333-351.

Bogin, B., Kapell, M., Varela Silva, M., Orden, A., Smith P., and Loucky, J. (2001), How
genetic are human body proportions? In: Dasgupta, P., and Hauspie, R. (eds.), Perspectives in
Human Growth, Development and Maturation. Dordrecht: Kluwer Academic Publishers, 205-
221.

Boix, C., and Rosenbluth, F. (2004), Bones of Contention. The Political Economy of Height
Inequality. Working Paper Chicago/Yale.

Bokonyi, S. (1955), Untersuchungen von in der romischen Villa von Téc-Fovenypuszta
gefundenen Tierknochen. Acta Arch. Acad. Scient. Hung. V1, 1,4, 153-161.

Bokonyi, S. (1974), History of Domestic Mammals in Central and Eastern Europe. Akadémiai
Kiad6, Budapest.

Boldsen, J., and Segaard, J. (1998), A history of height in Denmark. In: Komlos and Baten
(eds.), 467-482.

Bolger, D. (2006), Gender and Human evolution. In: Nelson (ed.), 453-502.

Bonfante, L. (1994), Etruscan Woman. In: Fantham et al. (eds.), 243-259.

Bose, C. (1989), Dual Spheres. In: Hess and Ferre (eds.), 267-285.

Boserup, E. (1966), The Conditions of Agricultural Growth: The Economics of Agrarian
Change under Population Pressure. London: Allen and Unwin.

Boserup, E. (1970), Woman's role in economic development. London: Earthscan Publications.
Boserup, E. (1983), The impact of scarcity and plenty on development. In: Rotberg and Rabb
(eds.), 67-94.

Bourdillon, J. (1994), The Animal provisioning of Saxon Southampton. In: Rackham, J. (ed.),
Environment and Economy in Anglo-Saxon England. Conference Proceedings Museum of
London 1990. York: Council for British Archaeology, 120-125.

Bowden, W., Lavan, L., and Machado, C. (eds.) (2004), Recent research on the late antique
countryside. Late Antique Archaeology 2. Leiden: Brill Academic Publishers.

248



Bower, B. (2003), Dairying Pioneers: Milk ran deep in prehistoric England. Science News
163,5, 67.

Boyle, J. (2004), Lest the lowliest be forgotten: Locating the impoverished in Early Medieval
Ireland. Internat. J. Hist. Arch. 8,2, 85-99.

Brandt, H. (1995), Der Topos “Die hohe gesellschaftliche Stellung der keltischen Frau”. In:
Brandt, H., Fries, J., and Mertens, E.-M. (eds.), Frauen — Forschung — Archdologie. Bericht
iiber die 2. Tagung des Netzwerks archdologisch arbeitender Frauen 1994, Tiibingen. Miinster:
agenda Verlag.

Brazdil, R., Pfister, C., Wanner, H., von Storch, H., and Luterbacher, J. (2005), Historical
climatology in Europe — The state of the art. Climatic Change 70, 363-430.

Breitinger, E. (1937), Zur Berechnung der Korperhdhe aus den langen Gliedmalenknochen.
Anthrop. Anz. 14, 249-274.

Brickley, M., and Ives, R. (2006), Skeletal manifestations of infantile scurvy. Am. J. Phys.
Anthropol. 129,2, 163-172.

Broglio, A. (2006), Introduzione al Paleolitico. Manuali Laterza. 99. Bari: Gius. Laterza and
Figli.

Brothwell, D. (2003), Wealth, Health and theoretical Archaeology. In: Wealth, Health and
Human Remains in Archaeology. Symposium Nederlands Museum Anthrop. Praehist.
Amsterdam 2003. Amsterdam: W.H. Metz, 39-55.

Brown, K., Dewey, K., and Allen, L. (1998), Complementary feeding of young children in
developing countries: A review of current scientific evidence. Geneva: WHO.

Brumbach, H., and Jarvenpa, R. (2006), Gender dynamics in hunter-gatherer society:
archaeological methods and perspectives. In: Nelson (ed.), 503-536.

Buffa, R., Marini, E., and Floris, G. (2001), Variation in sexual dimorphism in relation to
physical activity. Am. J. Hum. Biol. 13,3, 341-38.

Burkhardt, J. (1988), Die Kultur der Renaissance in Italien'’. Stuttgart: Kroner.
Byers, S. (2002), Introduction to Forensic Anthropology. Boston: Allyn and Bacon.

Byers, S., Akoshima, K., and Curran, B. (1989), Determination of adult stature from
metatarsal length. Am. J. Phys. Anthrop. 79,3, 275-279.

Cameron, N. (2002), Human Growth and Development. San Diego: Academic Press; Elsevier
Science.

Cameron, N., and Demerath, E. (2002), Critical periods in human growth and their
relationship to diseases of aging. Am. J. Phys. Anthrop. 119, S35, 159-184.

Capasso, L., and Di Domenicantonio, L. (1998), Work-related syndesmoses on the bones of
children who died at Herculaneum. The Lancet 14,352/9146, 1634.

Carmichael, A. (1995), History of Public health and Sanitation in the West before 1700. In: K.
Kiple (ed.), The Cambridge world History of Human Disease. Cambridge: Cambridge
University Press, 192-200.

Caselitz, P. (1979), Aspekte zur Erndhrung in der romischen Kaiserzeit, dargestellt an der
Moorleiche von Windeby 1. Offa 26, 108-115.

Champlin, E. (1991), Final Judgements. Duty and Emoritons in Roman wills 200 B.C. - AD 25.
Berkeley: University of California Press.

Chanda, A., Craig, L., and Treme, J. (2008), Convergence (and divergence) in the biological
standard of living in the USA, 1820-1900. Cliometrica 2,1, 19-48.

Chapman, J. (1997), Changing gender relation in the later prehistory of Eastern Hungary. In:
Moore and Scott (eds.), esp. 131-149.

Checkley, W., Epstein, L., Gilman, R., Cabrera, L., and Black, E. (2003), Effects of acute
Diarrhea on linear growth in Peruvian children. Am. J. Epidemiol. 157, 166-175.

249



Choi, J., and Lee, S. (2006), Does prenatal care increase access to child immunization? Gender
bias among children in India. Soc. Sci. Med. 63,1), 107-117.

Chun, H., Doyal, L., Payne, S., [I-Cho, S., and Kim, I. (2006), Understanding women, health,
and social change: the case of South Korea. Int. J. Health. Surv. 36,3, 575-592.

Clark, G. (2007), A Farewell to Alms. A brief economic history of the world. Princeton:
Princeton University Press.

Clarke, J. (2000), The Human Dichotomy: The Changing numbers of males and females.
Oxford: Elsevier Science Ltd..

Cocchi Genick, D. (1994), Manuale di Preistoria. Voll: Paleolitico e Mesolitico. Florence:
Octavo Franco Cantini.

Cohen, M. (1989), Health and the Rise of Civilization. New Haven: Yale University Press.
Cohen, M., and Armelagos, G. (1984), Palacopathology at the Origins of Agriculture.
Orlando/London: Academic Press.

Cohen, M. and Bennett, D. (1993), Skeletal evidence for gender hierarchies in prehistory. In:
Miller, B. (ed.), Sex and gender hierarchies. Cambrigde: Cambrigde University Press, 273-296.
Connellan, J., Baron-Cohen, S., Wheelwright, S., Batki, A., and Ahluwalia, J. (2000), Sex
differences in human neonatal social perception. Infant Behav. Development 23,1, 113-118.
Copley, M., Berstan, B., Dudd, S., Docherty, G., Mukherjee, A., Straker,V., Payne, S., and
Evershed, R. (2003), Direct chemical evidence for widespread dairying in prehistoric Britain.
Proceedings of the National Academy of Sciences 100, 1524-1529.

Cox, M. (2001), Assessment of age at death and sex in the adult human skeleton. In: Grupe, G.,
Christiansen, K., Schroder, I, and Wittwer-Backofen, U. (eds.), Anthropologie. Ein
einfiihrendes Lehrbuch. Berlin: Springer Verlag

Cox, M., and May, S. (2000), Human osteology in archaeology and forensic science. London:
Greenwich Medical Media.

Crabtree, P. (1996), Production and Consumption in an Early Complex Society. Animal Use in
Middle Saxon East Anglia. World Arch. 28, 58-75.

Crabtree, P. (2006), Women, Gender, and Pastoralism. In: Nelson (ed.) 571-592.

Craig, L. (2004), The Effect of Mechanical Refrigeration on Nutrition in the United States. Soc.
Sci. Hist. 28,2, 325-336.

Craig, O, Mulville, J., Pearson, M., Sokol, R., Gelsthorpe, K., Stacey, R., and Collins, M.
(2000), Detecting Milk Proteins in Ancient Pots. Nature 408, 6810, 312.

Croll, E. (2002), Endangered Daughters: Discrimination and Development in Asia. New Y ork:
Routledge.

Crotty, R. (2001), When Histories Collide. New York/Oxford: Altamira Press, Rowman and
Littlefield Publishers.

Curtis, T., Kvernmo, S., and Bjerregaard, P. (2005), Changing living conditions, life style
and health. Int. J. Circumpolar Health 64,5, 442-450.

Czernak, A., Ledderose, A., Strott, N., Meier, T., and Grupe, G. (2006), Social structures
and social relations — an archaeological and anthropological examination of three early medieval
separate burial sites in Bavaria. Anthropol. Anz. 64,3, 297-310.

Czysz, W. (2002), Der romische Gutshof. Landwirtschaft in groBem Stil. In: Menghin and
Planck (eds.), 274-280.

Davies, J., Fabis, M., Mainland, 1., Richards, M., and Thomas, R. (eds.) (2005), Diet and
health in past Animal Populations. Current Research and Future Directions. Proceedings of the
9" Conf. Internat. Council Archaeozoology, Durham 2002. Oxford: Oxbow Books.

Davis, S. (1987), The Archaeology of Animals. New Haven: Yale University Press.
De Beer, H. (2004), Observations on the history of Dutch physical stature from the late-Middle
Ages to the Present. Econ. Hum. Biol. 2,1, 45-55.

250



De Onis, M., and Habicht, J. (1996), Anthropometric Reference Data for International Use:
Recommendations from a World Health Organization Expert Committee. Am. J. Clin. Nutr. 64,
650-658.

De Onis, M., Blossner, M., and Villar, J. (1998), Levels and patterns of intrauterine growth
retardation in developing countries. Europ. J. Clin. Nutr. 52,1, 5-15.

DeiBmann, M.-L. (1989), Aufgaben, Rollen und Rdume von Mann und Frau im antiken Rom.
In: Martin and Zoeppfel, 501-564.

De Mendong¢a, M. (2000), Estimation of height from the length of long bones in a Portuguese
Adult Population. Am. J. Phys. Anthrop. 112, 39-48.

Denys, C. (2002), Taphonomy and Experimentation. Archaeometry 44,3, 469.

DeRose, L., Messer, E., and Millman, S. (1998), Who's hungry? And how do we know? Food
shortage, poverty, and deprivation. New York: United Nations University Press.

De Vries, J. (1984), European Urbanization 1500 — 1800. London: Methuen.

Dittmann, K., and Grupe, G. (2000), Biochemical and palacopathological investigations on
weaning and infant mortality in the early Middle Ages. Anthrop. Anz. 58, 345-355.

Dixon, S. (2001), Reading Roman Women. London: Duckworth.

Doff, S. (2004), Weiblichkeit und Bildung. Ideengeschichtliche Grundlagen fiir die Etablierung
des hoheren Madchenschulwesens in Deutschland. In: Rennhak, K., and Richter, V. (eds.),
Revolution und Emanzipation. Geschlechterordnungen in Europa um 1800. Koln: Bohlau
Verlag, 67-81.

Dokladal, M. (1970), Ergebnisse experimenteller Verbrennungen zur Feststellung von Form
und GroBenverdnderung von Menschenknochen unter dem EinfluB von hohen Temperaturen.
Anthrop. 8,2, 3-17.

Doll, M. (2003), Haustierhaltung und Schlachtsitten des Mittelalters und der Neuzeit. Eine
Synthese aus archdozoologischen, bildlichen und schriftlichen Quellen Mitteleuropas. Internat.
Arch. 78. Rhaden/Westf.: Marie Leidorf GmbH.

Délling, I. (1991), Between hope and helplessness. Women in the GDR after the “turning
point”. Fem. Review 39, 3-15.

Donald, M., and Hurcombe, L. (eds.) (2000), Gender and Material Culture in Archaeological
Perspective. New York: St. Martin’s Press.

Doppler, S., Neuberger, F., and Grupe, G. (2006), Histomorphology of archaeological human
compact bone: a neglected methodological approach. In: Grupe, G., and Peters, J. (eds.),
Documenta Archaeobiologiae: Microscopic examinations of bioarchaeological remains.
Keeping a close eye on ancient tissues. Rahden/Westf.: Verlag Marie Leidorf GmbH, 29-48.
Driesch, A. von den, and Peters, J. (2003), Geschichte der Tiermedizin. 5000 Jahre
Tierheilkunde. Stuttgart: Schattauer.

Driver, J. (2004), Food, Status and Formation Processes: a Case Study from Medieval England.
In: Jones O’Day et al. (eds.), 244-251.

Drummond, J., and Wilbraham, A. (1991), The Englishman's Food: A History of Five
Centuries of English Diet. London: Jonathan Cape, 1939; rep. Pimlico.

Duncan-Jones, R. (1996), The impact of the Antonine plague. J. Roman Arch. 9, 108-136.
Dunger, D., Petry, C., and Ong, K. (2005), Genetic Control of Size at birth. In: Carel, J.,
Kelly, P., and Christen, Y. (eds.), Decephering Growth. Berlin/Heidelberg: Springer, 27-39.
Dupaquier, J. (1988), Histoire de la population Frangaise. Paris: Presses University de France.

Dupertius, C., and Hadden, J. (1951), On the reconstruction of stature from long bones. Am. J.
Phys. Anthrop. NS 9, 15-54.

Duyar, 1., and Pelin, C. (2003), Body Height Estimation Based on Tibia Length in Different
Stature Groups. Am. J. Phys.Anthrop. 122,23-27.
Dyer, C. (1998), Did the Peasants really starve in medieval England? In: Carlin, M., and

251



Rosenthal, J. (eds.), Food and Eating in Medieval Europe. London: The Hambledon Press.
Enderle, K. (1975), Die Tierknochen der kaiserzeitlichen Siedlung ,Am Kaiserstein’ bei
Gielde, Kreis Goslar. Neue Ausgrabungen und Forschungen in Niedersachsen 9, 201-244.
Ennen, E. (1991), Frauen im Mittelalter. Munich: C.H. Beck

Engel, E. (1993), Die deutsche Stadt des Mittelalters. Munich: C.H. Beck.

Ervynck, A. (2004), Orant, Pugnant, Laborant. The Diet of the Three Orders in the Feudal
Society of Medieval Northwestern Europe. In: Jones O’Day et al. (eds.), 215-223.

Eveleth, P. (1979), Population Differences in Growth: Environmental and Genetic Factors. In:
Falkner, F. and Tanner, J. (eds.), Human Growth. Volume 3: Neurobiology and Nutrition. New-
York: Plenum Press, 373-394.

Eveleth, P., and Tanner. J (1976), Worldwide Variation in Human Growth. Cambridge:
Cambridge University Press.

Fabel, O., and Nischik, R. (eds.) (2002), Femina Oeconomica. Frauen in der Okonomie.
Munich: Rainer Hampp Verlag.

Fantham, E., Peet Foley, H., Boymel Kampen, N., Pomeroy, S., and Shapiro, H. (1994),
Women in the classical World. Image and Text. Oxford: Oxford University Press.

FAO (2006), IUSS Working Group World Reference Base for Soil Resources 2006. A
Framework for international Classification, Correlation and Communication. World Soil
Resource Report 103. Rome: FAO.

Fathalla, M. (1998), The missing millions. People Planet 7,3, 10-11.

Fears, J. (2004), The plague under Marcus Aurelius and the decline and fall of the Roman
Empire. Infect. Dis. Clin. North. Am. 18,1, 65-77.

Federico, G. (2002), The World Economy 0-2000 AD: A review article. Europ. Rev. Econ.
Hist. 6, 111-120.

Federico, G., and Malanima, P. (2004), Labour Productivity in Italian Agriculture 1000 —
2000. Econ. Hist. Rev. LVIL,3, 437-474.

Fellmeth, U. (2001), Brot und Politik. Erndhrung, Tafelluxus und Hunger im antiken Rom.
Stuttgart/Weimar: J. B. Metzler Verlag.

Feneis, H., and Dauber, W. (2000), Pocket Atlas of Human Anatomy. Based on the
International Nomenclature. Stuttgart: Thieme.

Filgis, M. (2005), Wasser und Abwasser. In: Menghin and Planck (eds.), 190-194.

Fingerlin, G. (2005), Von den Rémern zu den Alamannen. Neue Herren im Land. In: Menghin
and Planck (eds.), 452-462.

Floud, R. (1983), Economics and Population Growth: a comment. In: Rotberg and Rabb (eds.),
439-444.

Floud, R., and Harris, B. (1997), Health, Height, and Welfare: Britan 1700-1980. In: Steckel,
R., and Floud, R. (eds.), Health and Welfare during Industrialization. Chicago: University of
Chicago Press, 91-126.

Floud, R., Watcher, K., and Gregory, A. (1990), Height, health and history. Nutritional status
in the United Kingdom, 1750-1980. Cambride: Cambridge University Press.

Fogel, R. (1994), Economic growth, population theory, and physiology: The bearing of long-
term processes on the making of economic policy. Am. Econ. Rev., 84,3, 369-395.

Fogel, R. (2004), The escape from Hunger and Premature Death, 1700-2100. Europe, America
and the Third World. Cambridge: Cambridge University Press.

Fogel, R., Engerman, S., Floud, R., Friedman, G., Margo, R., Sokoloff, K., Steckel, R.,
Trussell, T., Villaflor, G., and Wachter, W. (1983), Secular Changes in American and British
Stature and Nutrition. J. Interdiscip. Hist. 14, 2, Hunger and History: The Impact of Changing
Food Production and Consumption Patterns on Society, 445-481.

Foley, R., Bath, D., Dickinson, F., and Tucker, H. (1972), Dairy Cattle: Principles, Practices,

252



Problems, Profits. Philadelphia: Lea and Febiger.

Formicola, V. (1993), Stature reconstruction from long bones in ancient population samples: an
approach to the problem of its reliability. Am. J. Phys. Anthrop. 90,3, 351-358.

Formicola, V., and Giannecchini, M. (1999), Evolutionary trends of stature in Upper
Palaeolithic and Mesolithic Europe. J. Hum. Evol. 36, 319-333.

Frader, L. (2003), Labor History After the Gender Turn: Transatlantic Cross Currents and
Research Agendas. Internat. Labor Working-Class Hist. 63, 21-31.

Frauendorf, E. (2001), Mehr Menschen — mehr Krankheiten. Zur Evolution parasitirer
Erkrankungen im populationsbiologischen Kontext. In: Kemkes-Grottenthaler, A., and Henke,
W. (eds.), Pein und Plagen. Aspekte einer Historischen Epidemiologie. Gelsenkirchen: Edition
Archae, 21-37.

Frayer, D. (1981), Body size, weapon use, and natural section in the European Upper
Paleolithic and Mesolithic. Am. Anthropol. 83, 57-73.

Frayer, D., and Wolpoff, M. (1985), Sexual dimorphism. Ann. Rev. Anthrop. 14, 429-473.
Frisancho, A. (1993), Human Adaption and accommodation. Ann Arbor: University of
Michigan Press.

Frongillo, E., and Begin, F. (1993), Gender bias in food intake favors male preschool
Guatemalan children. J. Nutr. 123,2, 189-196.

Fuller, B., Molleson, T., Harris, D., Gilmour, L., and Hedges, R. (2006), Isotopic evidence
for breastfeeding and possible adult dietary differences from Late/Sub-Roman Britain. Am. J.
Phys. Anthrop. 129,1, 45-54.

Gaitsch, W. (2002), Romische Landbesiedlung. In: Menghin and Planck (eds.), 267-273.
Galloway, P. (1986), Long-Term Fluctuations in Climate and Population in the Pre-Industrial
Era”. Pop. Dev. Rev. 12,1, 1-24.

Garcia, J., and Quintana-Domeque, C. (2007), The evolution of adult height in Europe: a
brief note. Econ. Hum. Biol. 5,2, 340-349.

Garnsey, P. (ed.) (1989), Food, health and culture in Classical antiquity. Cambridge
Department of Classics Working Papers No. 1. Cambridge: Cambridge University Press.
Garnsey, P. (1990), Responses to Food Crisis in the Ancient Mediterrancan World. In:
Newman (ed.), Hunger in history. Food shortage, poverty, and deprivation. Cambridge:
Blackwell, 126-146.

Garnsey, P. (1998), Cities, peasants and food in classical antiquity. Essays in social and
economic history. Cambridge: Cambridge University Press.

Garnsey, P. (1999), Food and Society in Classical Antiquity. Cambridge: Cambridge University
Press.

Gaulin, S., and Boster, J. (1992), Human marriage systems and sexual dimorphism in stature.
Am. J. Phys. Anthrop. 89,4, 467-475.

Gautschi, T., and Hangartner, D. (2006), Size does matter. KorpergroB3e, Humankapital und
Einkommen. Soziale Welt 57,3, 273-294.

Gehring, K.-D. (2001), Die Geschlechts-, Alters- und Korperhohenbestimmung im Rahmen
forensisch-osteologischer Untersuchungen am menschlichen Femur. Diss. Tiibingen.

Gehring, K.-D., and Graw, M. (2001), Kérperhohenbestimmung anhand des Femurs und von
Femurfragmenten. Arch. Kriminologie 207, 170-180.

George, S. (2006), Millions of missing grils: from fetal sexing to high technology sex selection
in India. Prenat. Diag. 26,7, 604-609.

Gerry, J., and Chesson, M. (2000), Classic Maya diet and gender relationships. In: Donald and
Hurcombe (eds.), 250-264.

Gestrich, A., Krause, J.-U., and Mitterauer, M. (2003), Geschichte der Familie. Stuttgart:
Alfred Kroner Verlag.

Ghesquiere, J., Martin, R., and Newcombe, F. (1985), Human sexual dimorphism. London:

253



Taylor and Francis.

Gilbert, A., and Singer, B. (1982), Reassessing Zooarchaeological Quantification. World Arch.
14,1, 21-40.

Gilbert, R., and Mielke, J. (1985), The Analysis of Prehistoric Diets. Orlando/ London:
Academic Press.

Gilchrist, R. (1997), Ambivalent bodies: Gender in medieval archaeology. In: Moore and Scott
(eds.), esp. 42-58.

Gluckman, P., and Hanson, M. (2004a), Living with the Past: Evolution, Development, and
Patterns of disease. Science 305,5691, 1733-1736.

Gluckman, P., and Hanson, M. (2004b), Maternal constraint of fetal growth and its
consequences. Semin. Fetal Neonatal Med. 9,5, 419-425.

Gopalan, C. (1992), Undernutrition: Measurement and Implications. In: Osmani, S. (ed.),
Nutrition and Poverty. Oxford: Clarendon Press, 17-47.

Gopaldas, T., and Gujral, S. (1995), Girl child and environment. Soc. Change 25, 226-234.
Gordon, C., Buikstra, J. (1981), Soil pH, Bone Preservation, and Sampling Bias at Mortuary
Sites. Am. Antiquity 46,3, 566-571.

Grantham-McGregor, S. (1995), A review of studies of the effect of severe malnutrition on
mental development. J. Nutr. 125,8, 2233S-2238S.

Grantham-McGregor, S., Cheung, Y., Cueto, S., Glewwe, P., Richter, L., and Strupp, B.
(2007), Developmental potential in the first 5 years for children in dveloping countires. Lancet
369,9555, 60-70.

Gray, J.P., and Wolfe, L.D. (1980), Height and sexual dimorphism of stature among human
societies. Am. J. Phys. Anthropol. 53,3, 441-456.

Greenfield, H., and Fowler, K. (2005), The Secondary Products Revolution in Macedonia: the
Zooarchaeological Remains from Megalo Nisi Galanis, a Late Neolithic-Early Bronce Age Site
in Greek Macedonia. Oxford: Hedges.

Groot, M. (2005), Paleopathological Evidence for Draught Cattle on a Roman Site in the
Netherlands. In: Davies et al. (eds.), 52-57.

Grove, J. (2002), Climatic Change in Northern Europe over the Last Two Thousand Years and
its Possible Influence on Human Activity. In: Wefer et al. (eds.), 313-326.

Grupe, G. (1986), Umwelt und Bevolkerungsentwicklung im Mittelalter. In: Herrmann (ed.),
24-34.

Grupe, G. (1990), Sozialgruppenabhingiges Nahrungsveralten im frithen Mittelalter am
Beispiel der Skelettserie von Altenerding, Ldkr. Erding, Bayern. Anthrop. Anz. 48, 365-374.
Grupe, G. (2003), Stable nitrogen isotope analysis of archaeological human bone from
medieval times. In: Noé€l et al. (eds.), 281-294.

Grupe, G., Christiansen, K., Schroder, 1., and Wittwer-Backofen, U. (eds.) (2005),
Anthropologie. Ein einfiihrendes Lehrbuch. Berlin: Springer Verlag.

Grupe, G., and Herrmann, B. (1983), Uber das Schrumpfungsverhalten experimentell
verbrannter Knochen am Beispiel des Caput femoris. Z. Morph. Anthrop. 74, 121-127.
Guatelli-Steinberg, D., and Lucacs, J. (1999), Interpretating sex differences in enamel
hypoplasia in human and non-human primates: Developmental, environmental, and cultural
considerations. Yearb. phys. Anthrop. 42, 73-126.

Guégan, J.-F., Teriokhin, A., and Thomas, F. (2000), Human fertility variation, size-related
obstetrical performance and the evolution of sexual stature dimorphism. Proc. R. Soc. Lond. B
267, 2529-2535.

Gunell, D., Rogers, J., and Dieppe, P. (2001), Height and health: predicting longevity from
bone length in archaeological remains. J. Epidemiol. Community Health 55, 505-507.
Gunnell, D., Smith, G., Frankel, S., Kemp, M., and Peters T. (1998), Socio-economic and

254



dietary influences on leg length and trunk length in childhood: a reanalysis of the Carnegie
(Boyd Orr) survey of diet and health in prewar Britain (1937-39). Paediat. Perinat.
Epidemiology 12, 96-113.

Gustafsson, A., and Lindenfors, P. (2004), Human size evolution: no evolutionary allometric
relationship between male and female stature. J. Hum. Evol. 47,4, 253-266.

Gustafsson, A., Werdelin, L., Tullberg, B., and Lindenfors, P. (2007), Stature and sexual
stature dimorphism in Sweden, from the 10™ to the end of the 20™ century. Am. J. Hum. Biol.
19,6, 861-870.

Haas, C. (2006), Le plague Antonine. Bull. Acad. Natl. Med. 190,4-5, 1093-1098.

Habicht, M. (2004), Untersuchung auf Wechselwirkungen zwischen philosophischen Ansichten
und landwirtschaftlicher Tierhaltung in Altertum, Mittelalter und Neuzeit im heutigen
mitteleuropdischen Kulturkreis. Diss. Freie University Berlin. Berlin: Mensch&Buch Verlag.
Haidle, M. (1997), Mangel — Krisen — Hungersnéte? Erndhrungszustinde in Siiddeutschland
und der Nordschweiz vom Neolithikum bis ins 19. Jh. Urgeschichtliche Materialh. 11. Tiibingen:
Mo Vince Verlag.

Haines, M. (1998), Health, height, Nutrition, and Mortality: Evidence on the ‘Antebellum
Puzzle’ from the Union Army recruits for New York State and the United States. In: Komlos
and Baten (eds.), 155-180.

Haines, M. (2004), Growing incomes, shrinking people — Can economic development be
hazardous to your health? Historical evidence from the United States, England, and the
Netherlands in the nineteenth century. Soc. Sci. Hist. 28,2, 249-270.

Hilikka, R. (2002), Discourses of body, gender and power in Tacitus. In: Setdld et al. (eds.),
75-104.

Hall, A., and Kenward, H. (eds.) (1994), Urban-rural Connexions: Perspectives from
Environmental Archaeology. Symposia of the Association for Environmental Archaeology 12.
Oxford: Oxbow Books.

Hall, R. (ed.) (1982), Sexual Dimorphism in Homo sapiens. A question of size. New York:
Praeger.

Hambleton, E. (1999), Animal Husbandry Regime in Iron Age Britain. A Comparative Study of
Faunal Assemblages from British Iron Age Sites. BAR British Series 282. Oxford:
Archaeopress.

Hamilton, M. (1982), Sexual Dimorphism in Skeletal Samples. In: Hall, R. (ed.), Sexual
Dimorphism in Homo Sapiens: A question of size. New York: Praeger, 107-163.

Hamlin, C. (2005), Beyond ‘Man the Hunter’: The Evidence from Windover (Florida, USA),
In: Zakrzewski, S., and Clegg, M. (eds.), Proceedings of the Fifth annual Conference of the
Bristish association for Biological anthropology and Osteoarchaeology. BAR Internat. Ser.
1383, 85-92.

Hanik, S. (2005), Tierknochenfunde des 3.-5. Jhs. in der Germania libera. FEine
archdozoologische Untersuchung der Siedlung Hildesheim-Bavenstedt, Ldkr. Hildesheim. Beitr.
Arch. Niedersachsen 8. Rhaden/Westf.: Marie Leidorf GmbH.

Hardwick, N. (2004), Female education in MA. In: Bonnet, A.-M., and Schellewald, N. (eds.),
Frauen in der frithen Neuzeit. Lebensentwiirfe in Kunst und Literatur. Cologne: Bohlau.

Harris, B. (2000), Height and Nutrition. In: Kiple, K. and Ornelas, K. (eds.), The Cambridge
World History of Food. Cambridge: Cambridge University Press, 1427-1438.

Harris, M., and Ross, E. (1987), Death, Sex, and fertility. New York: Columbia Universiy
Press.

Hastorf, C. (1991), Gender, Space and Food in Prehistory. In: Gero, J., and Conkey, M. (eds.),
Engendering Archaeology. Oxford: Basil Blackwell, 132-163.

Heide, A. (1997), Das Wetter und Klima romischer Antike im Westen des Reiches. Unpublished
Ph.D. thesis. Mainz.

255



Heinrich, D. (1985), Scharstorf — Eine slawische Burg in Ostholstein, Haustierhaltung und
Jagd. Untersuchungen aus dem Schleswig-Holsteinischen Landesmuseum fiir Vor- und
Frithgeschichte N.F. 59. Neumiinster: Wachholtz.

Henry, C., and Ulijaszek, S. (eds.) (1996), Long-term Consequences of Early Environment:
growth, development and the lifespan developmental perspective. 37" Symposium Volume of
the Society for the Study of Human Biology. Cambridge: Cambridge University Press.

Hermanussen, M. (2003), Stature of early Europeans. Hormones 2,3, 175-178.

Herrmann, B. (1985), Parasitologisch-epidemiologische Auswertungen mittelalterlicher
Kloaken. Zeitschr. Arch. Mittelalter 13, 131-161.

Herrmann, B. (ed.) (1986), Mensch und Umwelt im Mittelalter. Stuttgart: Dt. Verl.-Anst.
Herrmann, B. (1987), Anthropologische @ Zuginge zu  Bevdlkerung  und
Bevolkerungsentwicklung im Mittelalter. In: Herrmann, B., and Sprandel, R. (eds.),
Determinanten der Bevilkerungsentwicklung im Mittelalter. Weinheim: Acta Humaniora, VCH
Verlagsgesellschaft, 55-72.

Herrmann, B., Grupe, G., Hummel, S., Piepenbrink, H., and Schutkowski, H. (1990),
Prdhistorische Anthropologie: Leitfaden der Feld- und Lehrmethoden. Berlin/Heidelberg:
Springer.

Herrmann-Otto, E. (2000), Frauen und Politik in der Antike. In: von Bardeleben, R. (ed.),
Frauen in Kultur und Gesellschaft. Tlibingen: Stauffenburg Verlag. 95-110.

Hess, B., and Ferree, M. (eds.) (1989), Analyzing gender. A handbook of social science
research.” Newbury Park,CA / London /New Delhi: Sage Publications.

HeuBner, B. (1987), Neue Aussageméglichkeiten anthropologischer Leichenbrandunter-
suchungen unter Einbeziehung histomorphometrischer Methoden. Materialh. Ur- und
Frithgesch. Mecklenburgs 2. Schwerin: Museum fiir Ur- und Friihgeschichte.

Hill, C., and Ball, H. (1999), Parental Manipulation of postnatal survival and well-being: are
parental sex preferences adaptive? In: Pollard, T., and Hyatt, S. (eds.), Sex, Gender and Health.
Cambridge: Cambridge University Press, 18-36.

Hill, C. Dawn K., and Upchurch, M. (1995), Gender Differences in Child Health: Evidence
from the Demographic and Health Surveys. Pop. Dev. Rev. 21,1, 127-151.

Hillel, D. (ed.) (2005), Encyclopaedia of Soils in the Environment. Oxford: Elsevier.

Hindmarsh, P., Geary, M., Rodeck, C., Kingdom. J., and Cole, T. (2008), Factors predicting
ante- and postnatal growth. Pediatr. Res. 63,1, 99-102.

Hirschfelder, G. (2005), Europdische Esskultur. Eine Geschichte der Erndhrung von der
Steinzeit bis heute. Frankfurt a.M.: Campus Verlag.

Hockmann, O. (1985), Antike Seefahrt. Munich: C.H.Beck.

Holden, C., and Mace, R. (1999), Sexual dimorphism in stature and women’s work: a
phylogenetic cross sectional analysis. Am. J. Phys. anthrop. 110, 27-45

Holland, T. (1995), Brief Communication: Estimation of Adult stature from the Calcaneus and
Talus. AJPA Am. J. Phys. Anthrop. 96, 315-320.

Hoppa, D., and Vauperl, J. (eds.) (1995), Human Growth in the Past. Cambridge: University
press. Hoppe, C., Melgaard, V., and Michaelsen, K. (2006), Cow’s milk and linear growth in
industrilazied and developoing countries. Annu. Rev. Nutr. 26, 131-173.

Huber, N. (1968), The Problem of stature increase: looking from the past to the present. In:
Brothwell, D. (ed.), The Skeletal Biology of earlier human populations. Oxford: Pergamon
Press, 67-102.

Huester, H. (1990), Untersuchungen an Skelettresten von Rindern, Schafen, Ziegen und
Schweinen aus dem mittelalterlichen Schleswig (Ausgrabungen Schild 1971-1975),
Ausgrabungen in Schleswig 8. Neumiinster: Wachholtz.

256



Amigo, H., Bustos, P., Leone, C., and Radrigan, M. (2001), Growth Deficits in Chilean
School Children. J. Nutr. 131, 251-154.

Hugonot, J.-C., Kokabi, M., Rosch, M., and Wahl, J. (1991), Die Villa rustica von
Lomersheim, Stadt Miihlacker, Enzkreis. Fundber. Baden-Wiirttemberg 16, 175-214.

Huntley, B., et al. (2002), Holocene Climatic History of Northern Europe as Recorded by
Vegetation Changes: Possible Fluctuations upon Human Activity. In: Wefer et al. (eds.), 223-
232.

Iscan, M. (1989), Reconstruction of life from the skeleton. New York: Liss.

Jackson, R. (1988), Doctors and diseases in the Roman Empire. London: British Museum Publ.
Jiger, U., et al. (1998), Siakularer Trend bei der Korperhdhe seit dem Neolithikum. Anthropol.
Anz. 56,2. 117-130.

Jankuhn, H. (1978), Methodische Moglichkeiten zur Erforschung der menschlichen Erndhrung
in vor- und frithgeschichtlicher Zeit. Homo 29,7, 6-17.

Johansson, F., and Reichstein, H. (1979), Einige Angaben zu Tierknochenfunden aus der
Altstadt von Kiel. Offa-Ergdnzungs-Reihe, Ber. u. Mitteil. Urgesch., Friihgesch. u.
Mittelalterarch. 36, 152-162.

Jones O’Day, S., Van Neer, W., and Ervynck, A. (eds.) (2004), Behaviour behind Bones. The
Zooarchaeology of Ritual, Religion, Status and Identity. Oxford: Oxbow Books.

Jongman, W. (1988a), 'Adding it up'. In: Whittaker, C. (ed.), Pastoral Economies in Classical
Antiquity. Cambridge: Cambridge Philological Society, 210-212.

Jongman, W. (1988b), The Economy and Society of Pompeii. Dutch Monographs on Ancient
History and Archaeology IV. Amsterdam: Gieben, 76-91.

Jongman, W. (2000), Hunger and Power: Theories, Models and Methods in Roman Economic
History. In: Bongenaar, A. (ed.), Interdependency of Institutions and Private Entrepreneurs.
Proceedings of the Second MOS Symposium Leiden 1998. Istanbul: Nederlands Historisch-
Archaeologisch Instituut, 259-284.

Jongman, W. (2006), The Rise and Fall of the Roman Economy: Population, Rents and
Entitlement. In: Bang, P., Ikeguchi, M., Ziche, H. (eds.), Ancient Economies and Modern
Methodologies. Archaeology, Comparative History, Models and Institutions. Bari: Edipuglia.
Jongman, W. (2007), The early Roman Empire: consumption. In: Scheidel, W., Morris, 1., and
Saller, R. (eds.), The Cambridge economic history of the Greco-Roman world. Cambridge:
Cambridge University Press CUP, 592-618.

Jordan, W. (1996), The Great Famine. Northern Europe in the early fourteenth century.
Princeton: Princeton University Press.

Junkelmann, M. (1997), Panis Militaris. Die Erndhrung des romischen Soldaten oder der
Grundstoff der Macht. Mainz: von Zabern.

Jurmain, R., Nelson, H., Kilgore, L., and Trevathan, W. (2000), /ntroduction to Physical
Anthropology. Belmont, CA: Wadsworth.

Kagerer, P., and Grupe, G. (2001), Age-at-death diagnosis and determination of life-history
parameters by incremental lines in human dental enamel cementum as an identification aid. For.
Sci. Int. 118, 75-82.

Kalka, C. (1995), Eine Tochter ist ein Haus, ein Boot und ein Garten: Frauen und
Geschlechtersymmetrie bei den Warao-Indianern Venezuelas. Ethnologische Studien 25.
Miinster: LIT.

Kelly, M. (no year given), Climate and Pre-Industrial Growth. Working-paper on:
http://www.ucd.ie/economic/staff/mkelly/papers/climate.pdf.

Kemkes-Grottenthaler, A. (2005), The short die young: the interrelation between stature and
longevity-evidence from skeletal remains. Am. J. Phys. Anthropol. 128,2, 340-347.

Khuwaja, S., Selwyn, B., and Shah, S. (2005), Prevalence and correlates of stunting among
primary school children in rural areas of South-Pakistan. J. Trop. Pediatr. 51,2, 72-77.

257



King, A. (1978), A Comparative Survey of Bone Assemblages from Roman Sites in Britain,
Bull. Inst. Arch. 15,207-232.

King, A. (1984), Animal Bones and the Dietary Identity of Military and Civilian Groups in
Roman Britain, Germany and Gaul. In: Blagg, T., King, A. (eds.), Military and Civilian in
Roman Britain. Oxford: B.A.R.

King, A. (1999), Meat Diet in the Roman World: A Regional Inter-Site Comparison of the
mammal bones, J. Roman Arch. 12, 168-202.

King, A. (1999a), Animals and the Roman Army: the Evidence of Animal Bone. In:
Goldsworthy, A., Adams, C. (eds.), The Roman Army as a Community. J. Roman Arch.,
Supplementary series 34, Portsmouth, RI.

King, A. (1999b), Meat Diet in the Roman World: A Regional Inter-Site Comparison of the
Mammal Bones, J. Roman Arch. 12, 168-202.

King, M. (1998), Frauen in der Renaissance. Miinchen: dtv.

King, S., and Ulijaszek, S. (1995), Invisible insults during growth and development:
contemporary theories and past populations. In: Hoppa and Vauperl (eds.), 161-182.

Klasen, S. (1996), Nutrition, Health, and Mortality in Sub-Saharan Africa: Is there a Gender
Bias? J. Development Studies 32, 913-933.

Klasen, S. (2002), Warum fehlen 100 Millionen Frauen auf der Welt. Eine 6konomische
Analyse. In: Fabel and Nischik (eds.), 181-202.

Kloft, H. (2006), Die Wirtschaft des Imperium Romanum. Mainz a.R.: von Zabern.

Koepke, N. (2002), “Regional Differences and Temporal Development of the Quality of
Nutrition in the Roman Provinces of Germania and Raetia from the First Century to the Fourth
Century AD”. Proceedings (on CDROM) of the XIII International Economic History
Association Congress. Buenos Aires 2002.

Koepke, N. (2008a), “Nutrtional Status of pre-historic and historic Europe”. Working Paper
University of Tuebingen.

Koepke, N. (2008b), “The Relative Status of Females in pre-historic and historic Europe:
Evidence from Skeletal Remains”. Working Paper University of Tuebingen.

Koepke, N., and Baten, J. (2005a), The Biological Standard of Living in Europe during the
Last Two Millennia. European Review of Economic History, 9.1, 61-95.

Koepke, N., and Baten, J. (2005b), Climate and its Impact on the Biological Standard of
Living in North-East, Centre-West and South Europe during the Last 2000 Years. History of
Meteorology 2,1, 147-159.

Koepke, N., and Baten, J. (2007), Anthropometric Methods and the Interdisciplinary
Conversation between Archaeology and Economics. Computer Applications and Quantitative
Methods in Archaeology [in print].

Koepke, N., and Baten, J. (2008), Agricultural Specialization and Height in Ancient and
Medieval Europe. Explorations in Economic History, 42,2, 127-146.

Kolbl, S. (2004), Das Kinderdefizit im friihen Mittelalter — Realitit oder Hypothese? Zur
Deutung demographsicher Strukturen in Grdberfeldern. Diss. University Tuebingen.

Kokabi, M. (1988), Viehhaltung und Jagd im romischen Rottweil. In: Klee, M., Kokabi, M.
(eds.), Arae Flaviae IV. Forschungen und Berichte zur Vor- und Friihgeschichte in Baden-
Wiirttemberg 28. Stuttgart: K. Theiss Verlag, 105-234.

Koletzko, B., Dodds, P., Akerblom, H., and Ashwell, M. (2005), Early nutrition and its later
consequences: new opportunities; perinatal programming of adult health - EC supported
research. Dordrecht: Springer.

Komlos, J. (1985), Stature and Nutrition in the Habsburg Monarchy: The Standard of Living
and Economic Development, Am. Hist. Rev. 90, 1149-1161.

Komlos, J. (1986), Stature and Nutrition in the Habsburg Monarchy: The Standard of Living
and Economic Development. Am. Hist. Rev. 90, 1149-1161.

258



Komlos, J. (1989), Nutrition and Economic Development in the Eighteenth Century Habsburg
Monarchy: An Anthropometric History. Princeton: Princeton University Press.

Komlos, J. (1993), A Malthusian Episode Revisited: The Height of British and Irish Servants in
Colonial America. Economic History Review 46, 115-144.

Komlos, J. (1994), Erndhrung und wirtschaftliche Entwicklung unter Maria Theresia und Josef
II. Eine Anthropometrische Geschichte (St. Katarinen 1994).

Komlos, J. (1995b), The Biological Standard of Living on three continents (Boulder 1995).
Komlos, J. (1998), Shrinking in a Growing Economy? The Mystery of Physical Stature during
Industrial Revolution. J. Econ. Hist. 58,3, 779-802.

Komlos, J. (2007), Anthropometric evidence on economic growth, biological weel-being and
regional convergence in the Habsburg Monarchy, c. 1850-1910. Cliometrica 1,3, 211-237.
Komlos, J., and Baten, J. (1998), Height and the Standard of Living. J. Econ. Hist. 57.3, 866-
870.

Komlos, J., and Baten, J. (eds.) (1998b), The biological standard of living in comparative
perspective. Stuttgart: Franz Steiner Verlag.

Komlos, J., and Cuff, T. (eds.) (1998), Classics of Anthropometric History: A Selected
Anthology. St. Katharinen: Scripta Mercaturae.

Komlos, J., and Meermann, L. (2004), The introduction of anthropometrics into development
and labor economics. Department of Economics University of Munich Discussion paper 14.
Komlos, J., Hau, M., and Bourguinat, N. (2003), The Anthropometric History of Early-
Modern France. Europ. Rev. Econ. Hist. 7,2, 159-190.

Krause, J.-U., and Witschel, C. (eds.) (2006), Die Stadt in der Spdtantike — Niedergang oder
Wandel? Akten des internationalen Kolloquiums Munich 2003. Stuttgart: Franz Steiner Verlag.
Kiihlborn, J.-S., and Bérenger, D. (1995), Germaniam pacavi - Germanien habe ich befriedet:
archdologische Stdtten augusteischer Okkupation. Miinster: Westfilisches Museum fiir
Archiologie, Amt fiir Bodendenkmalpflege.

Kunitz, S. (1987), Making a long story short: A note on men’s height and mortality in England
from the first through the nineteenth centuries. Med. Hist. 31, 269-280.

Kurth, G. (1954), Ein Beitrag zur Vergleichbarkeit errechneter Korperhohen. Z. Morph.
Anthrop. 46,3, 317-370.

Kiister, H.-J. (1994), Botanischen Untersuchungen zur Landwirtschaft in den Rhein-Donau-
Provinzen vom 1. bis zum 5. Jahrhundert nach Chr. In: Bender and Wolff (eds.), 21-36.

Kiister, H.-J. (2006), , Zerstorung — Angste — Gestaltung. Impulse fiir die Entwicklung von
Landschaft durch den Menschen in Mittelalter und Neuzeit”. Meeting of the Bavarian Academy
of Science, Board of Ecology 2006.

Ladurie,E., Bernageau, N., and Pasquet, Y. (1969), Le conscrit et I’ordinateur: perspectivesde
recherches sur les archives militaires du XIXe siécle frangais. Studi Storici 10, 260-308.

Lalueza-Fox, C. (1998), Stature and sexual dimorphism in ancient Iberia. Homo 49,2, 260-272.

Langley-Evans, S., and Carrington, L. (2006), Diet and the developing immune system.
Lupus 15,11, 746-752.

Larsen, C. (1997), Bioarchaeology — Interpreting behaviour from the human skeleton.
Cambridge studies Biolog. Anthrop. 21. Cambridge: Cambridge University Press.

Larson, C., Saha, U., Islam, R. and Roy, N. (2006), Childhood diarrhoea management
practices in Bangladesh: private sector dominance and continued inequities in care. Int. J.
Epidemiol. 35,6, 1430-1439.

Larsson Lovén, L. (2003), Funerary art, gender and social status: Some aspects from Roman
Gaul. In: Larsson Lovén, L., and Strémberg, A. (eds.), Gender, Cult, and Culture in the ancient
world from Mycenae to Byzantium. Proceedings of the second Nordic symposium on gender and
women’s history in antiquity. Helsinki 2000. Studies in Mediterranean Archaeology and

259



Literature 166. Sivedalen: Paul Astroms, 54-70.

Laska-Mierzejewska, T., and Olszewska, E. (2007), Anthropological assessment of changes
in living conditions of the rural population in Poland in the period 1967-2001. Ann. Hum. Biol.
34,3, 362-376.

Lauwerier, R. (2004), The economic and non-economic animal. Roman deposits and offerings.
In: Jones O’Day et al. (eds.), 66-72.

Lee, S.-H. (2005), Patterms of size sexual dimorphism in Australopitecus afarensis: Another
look. Hum. Biol. 56, 219-232.

Legge, T. (2005), Milk Use in Prehistory: the Osteological Evidence. In: Mulville and Outram
(eds.), 8-13.

Leiarraga, H. (2002), Growth in infancy and childhood: A pediatric approach. In: Cameron
(ed.), 21-44.

Leicht, J. (1994), Der Friedhof von Schleitheim-Hebsack. Munich, University Diss.;
Mikrofiches.

Leonard, W. (2000), Human Nutritional Evolution. In: Stinson et al. (eds.), 295-343.

Lepetz, S. (1996), L animal dans la société gallo-romaine de la France du Nord. Revue
archéologique de Picardie n° spécial 12. Amiens.

Li, H., Stein, A., Barnhart, H., Ramakrishnan, U., and Martorell, R. (2003), Associations
between prenatal and postnatal growth and adult body size and composition. Am. J. Clin. Nutr.
77,6, 1498-1505.

Li, L., Dangour, A., and Power, C. (2007), Early life influences on adult leg and trunk length
in the 1958 British birth cohort. Am. J. Hum. Biol. 19,6, 836-843.

Lindsay, H. (2000), Death, pollution and funerals in the city of Rome. In: Hope, V., and
Marshall, E. (eds.), Death and disease in the ancient city. London: Routledge, 152-173.

Lippa, R. (2005), Gender, Nature, and Nurture. Lawrence Erlbaum Associates: Mahwah, New
Jersey.

Livi-Bacci, M. (1991), Population and nutrition. An essay on European demographic history.
Cambridge studies in population, economy and society in past time 14. Cambridge: Cambridge
University Press.

Locker, A. (2000), Animal Bone. In: Lawson, A. (ed.), Potterne 1982-5: Animal Husbandry in
Later Prehistoric Wiltshire. Wessex Arch. Rep. 17. Henry Ling, Dorchester, 101-119.

Lépez Blanco, M. (1995), Growth as a mirror of conditions of a developing society: the case of
Venezuela. In: Hauspie, R., Lindgren, G., and Falkner, F. (eds.), Essays on Auxology. Welwyn
Garden City: Castlemead, 312-321.

Loépez Blanco, M., Landaeta-Jiménez, M., and Méndez Castellano, H. (1989), Secular trend
in height and weight: Carabobo, Venezuela, 1978-1987. In: Tanner, J. (ed.), Auxology ‘88:
Perspectives in the Science of Growth and Development. London: Smith-Gordon, 207-210.

Lépez-Alonso, M., and Condey, R. (2003), The ups and downs of Mexican economic growth:
the biological standard of living and inequality, 1870-1950. Econ. Hum. Biol. 1,2, 169-186.
Lorentzen, A. (1993), Frauen in keltischer Zeit. In: H. Dannheimer, and R. Gebhard (eds.), Das
keltische Jahrtausend. Prihist. Staatssammlung Miinchen, Mus. f. Vor- u. Friihgesch. Mainz
a.R.: von Zabern, 47-53.

Lucy, S. (1997), Housewives, warriors and slaves? Sex and gender in Anglo-Saxon burials. In:
Moore and Scott (eds.), esp. 150-168.

Luff, R.-M. (1982), 4 Zooarchaeological Study of the Roman North-Western Provinces. BAR
Internat. Series 137.

Luff, R.-M. (1993), Animal Bones from Excavations in Colchester, 1971-85. Colchester
Archaeological Report 12. Colchester: Colchester Archaeological Trust.

Lunn, P. (1991), Nutrition, immunity and infection. In: Schofield, R., Reher, D., and Bideau, A.

260



(eds.), The Decline of mortality in Europe. Oxford: Clarendon Press. 131-145.

Lunn, P. (1999), Parasitism. Effects on growth and nutritional status. In: Sadler et al. (eds.),
1515-1532.

Lyman, R. (1994), Vertebrate Taphonomy. Cambridge: Cambridge University Press.
Lyons, C. (2000), Gender and Burial in Early Colonial Sicily: The case of Morgantina. In:
Donald and Hurcombe (eds.), 87-117.

Maat, G. (2003), Male Stature. A parameter of Health and Wealth in the low countries, 50-1997
AD. In: Metz, H. (ed.), Wealth, health and Human Remains in Archaeology. Symposium
Vijfentwintigste Kroon-Vooordracht. Amsterdam: Stichting Nederlands Museum, 57-88.

Mace, R., Jordan, F., and Holden, C. (2003), Testing Evolutionary Hypotheses about Human
Biological Adaption Using Cross-Cultural Comparison. Comparative Biochemistry and
Physiology, Part A: Molecular & integrative physiology 136,1, 85-94.

Maddison, A. (2001), The World Economy: A Millennial Perspective. Paris: Development
Centre of the OECD.

Malanima, P. (2002), L’economia italiana. Della crescita medivevale alla crescita
contemporana. Bologna: Soc. Ed. Il mulino.

Malina, R. (1990), Research on secular trends in auxology. Anthrop. Anz. 48,3, 209-227.
Malitz, J. (2000), Globalisierung? Einheitlichkeit und Vielfalt des Imperium Romanum. In:
Schreiber, W. (ed.), Vom Imperium Romanum zum Global Village: “Globalisierung im Spiegel
der Geschichte. Neureid: ars una, 37-52.

Maltby, M. (1994), The Meat Supply in Roman Dorchester and Winchester. In: Hall and
Kenward (eds.), 85-102.

Malthus, T. (1798), An essay on the principle of population, as it affects the future
improvement of society. URL StaBi (-=> Nieders. Landesbib)

Mann, M., and Jones, P. (2003), Global Surface Temperatures over the Past Two Millennia,
Geophys. Research Letters 30,15, 1820.

Manouvrier, L. (1982), Détermination de la taille d’aprés les grands os des membres. Rev.
mens. de l’ec. d’Anthrop. Paris. 2, 227-233.

Margo, R., and Steckel, R. (1982), The heights of American slaves: New evidence on slave
nutrition and health. Soc. Sci. Hist. 6, 516-538.

Marino, D. (2007), Water and food safety in the developing world: global implications for
health and nutrition of infants and young children. J. Am. Diet Assoc. 107,11, 1930-1934.
Martin, J., and Zoeppfel, R. (eds.) (1989), Aufgaben, Rollen und Rdume von Frau und Mann
2. Veroffentlichungen des Instituts fiir historische Anthropologie e.V. 5. Freiburg/Munich: Karl
Alber.

Martin, R., and Saller, K. (1957), Lehrbuch der Anthropologie in systematischer Darstellung
1.3. Stuttgart: Gustav Fischer Verlag.

Martin-Gronert, M., and Ozanne, S. (2006), Maternal nutrition during pregnancy and health
of the offspring. Biochem. Soc. Trans. 34, 779-782.

Mascie-Taylor, C., and Bogin, B. (1995), Human Variability and Plasticity. Cambridge
Studies in Biological Anthropology. Cambridge: Cambridge University Press.

May, E. (1997), Bemerkungen zur Relevanz von Korpergrofenermittlungen aus kleinen
Knochenmalen. Beitr. Archdozoolog. u. préihist. Anthrop. 1, 134-139.

Mays, S. (1995a), Killing the Unwanted Child.  British  Arch. 2.
http://www.britarch.ac.uk/ba/ba2/ba2feat.html#mays

Mays, S. (1995b), Linear and appositional long bone growth in earlier human populations: a
study from Medieval England. In: Hoppa and Vauperl (eds.), 290-312.

Mc Keown, T. (1955), Medical Evidence Related to English Population Changes in the
Eighteenth Century. Population Studies 1X, 119-141.

261



McCloskey, D., and Ziliak, S. (1996), The Standard Error of Regressions. J. Econ. Lit.
XXXIV, 97-114.

McCormick, F. (1992), Early Faunal Evidence for Dairying. Oxford J. Arch. 11,2, 201-209.
McEvedy, C., and Jones, R. (1980%), Atlas of World Population History. London/
Harmondsworth: Penguin.

McKeown, T. (1983), Food, infection and population. J. Interdiscip. Hist. 14, 227-247.
Meguid, M., and Laviano, A. (1999), Nutritional Status. Clinical Examination. In: Sadler et al.
(eds.), 1373-1389.

Mehlhorn, H., and Pierkarski, G. (2002), Grundrify der Parasitenkunde. Stuttgart: Gustav
Fischer Verlag.

Meisel, A., and Vega, M. (2002), A Tropical Sucess Story: A Century of Improvements in the
Biological Standard of Living, Colombia 1910-2002. EconPapers Working Paper.

Menghin, W., and D. Planck (eds.) (2005), Menschen, Zeiten, Rdiume — Archdologie in
Deutschland. Stuttgart: K. Theiss Verlag.

Menghin, W. (1994), Kelten, Romer und Germanen. Archdologie und Geschichte in
Deutschland. Augsburg: Weltbild-Verlag.

Mericq, V. (2006), Low birth weight and endocrine dysfunction in postnatal life. Pediatr.
Endocrinol. Rev. 4,1, 3-14.

Merlino, A., Laffineuse, L., Collin, M., and Mercer, B. (2006), Impact of weight loss between
pregnancies on recurrent preterm birth. Am. J. Obstet. Gynecol. 195(3), 818-821.

Metzler, J. (1995), Das treverische Oppidum auf dem Titelberg. Zur Kontinuitdit zwischen der
spdtkeltischen und der friihrémischen Zeit in Nord-Gallien. Dossiers d'archéologie du Musée
Nationale d'Histoire et d'Art 3. Luxembourg: Musée National d'Histoire et d'Art.

Miedaner, T. (2006), Von der Hacke bis zur Gentechnik. Kulturgeschichte der
Pflanzenproduktion in Mitteleuropa. Frankfurt: Deutsche Landwirtschaftsg.

Mitchell, P. (2003), The archaeological study of epidemic and infectious disease. World Arch.
35,2, 171-179.

Moberg, A., Sonechkin, D., Holmgren, K., Datsenko, N., and Karlén, W. (2005), Highly
variable Northern Hemisphere temperatures reconstructed from low- and high-resolution proxy
data. Nature 433,7026, 613-617.

Mogge-Grotjahn, H. (2004), Gender, Sex und Gender Studies. Eine Einfiihrung. Freiburg i.Br.:
Lambertus.

Mokyr, J. (1992), Lever of Riches: Technological Creativity and Economic Progress. Oxford:
Oxford University Press.

Mokyr, J., and O‘Grada, C. (2002), What Do People Die of During Famines? The Great Irish
Famine in comparative perspective. Europ. Rev. Econ. Hist. 6,3, 339-363.

Molla, A.M., and Molla, A.A. (1999), Diarrhoeal diseases. In: Sadler et al. (eds.), 535-539.
Mollenhauer, H. (1995), Nahrungsmittel zu allen Zeiten aus aller Welt. Aus der Geschichte des
Handels mit Nahrungsmitteln in Europa. Hamburg: Dr. Kovac.

Moore J. and Scott, E. (eds.) (1997), Invisible People and Processes. London: Leicester
University Press.

Moradi, A. (2007), Towards an Objective Account of Nutrition and Health in Colonial Kenya:
A Study of Stature in African Army Recruits and Civilians, 1880-1980. Oxford University
Working Paper.

Moradi, A., and Baten, J. (2005), Inequality in Sub-Saharan Africa: New Data and New
Insights from Anthropometric Estimates. World Develop., 33,8, 1233-1265.

Moradi, A., and Guntupalli, A. (forthcoming), What does Gender Dimorphism in Stature Tell
Us about Discrimination in Rural India, 1930-1975? In: Pal, M., Bharati, P., Ghosh, B., and
Vasulu, T. (eds.), Gender Bias: Health, Nutrition and Work. New Dehli: Oxford University
Press.

262



Motarjemi, Y., Kiferstein, F., Moy, G., and Quevedo, F. (1993), Contaminated weaning
food: a major risk factor for diarrhoea and associated malnutrition. Bull. World Health Organ.
71,1, 79-92.

Miildner, G., and Richards, M. (2006), Diect in Medieval England; The evidence from Stable
Isotopes. In: Woolgar, C., Serjeantson, D., and Waldron, T. (eds.), 228-238.

Miiller-Clemm, J. (2001), Archdologische Genderforschung. ©lectio.difficilior. European
electronic journal of feminist exegesis 2. see http://www.lectio.unibe.ch/

Mulville, J., and Outram, A. (eds.) (2004), The Zooarchaeology of Fats, Oils, Milk and
Dairying. Proceedings of the 9" Conf. Internat. Council Archaeozoology, Durham 2002.
Oxford: Oxbow Books.

Murphy, E. (2005), Animal Paleopathology in Prehistoric and Historic Ireland: a Review of the
Evidence. In: Davies et al. (eds.), 8-23.

Nelson, H., Shi, Q., Van Dael, P., Schiffrin, E., Blum, S., Barclay, D., Levander, O., Beck,
M. (2001), Host nutritional selenium status as a driving force for influenza virus mutations.
FASEB journal 15,10, 1846-1848.

Nelson, S. (ed.) (2006), Handbook of gender in archaeology. Oxford: Altamira Press.

Nelson, S., and Rosen-Ayalon, M. (eds.) (2002), In Pursuit of gender. Worldwide
archaeological approaches. Waltnut Creek: Altamira Press.

Nettle, D. (2002), Women’s height, reproductive success and the evolution of sexual
dimorphism in modern humans. Proc. R. Soc. Lond. B 269, 1919-1923.

Neumayer, E., and Pliimper, T. (2007), The gendered nature of natural disasters. the impact of
catastrophic events on the gender gap in life expectancy, 1981-2002. (January 2007). Available
at SSRN: http://ssm.com/abstract=874965

Nicholson, R. (1996), Bone Degradation, Burial Medium and Species Representation:
Debunking the Myths, an Experiment-based Approach. J. Arch. Sci. 23, 513-533.

Nietschke, A. (1989), Frauen und Minner im Mittelalter - Die Geschichte eines vielfiltigen
Wandels. In: Martin and Zoeppfel, 677-708.

Nobis, G. (1955), Die Haustiere von Tofting. In: Bantelmann A. (ed.), Tofting — FEine
vorgeschichtliche Warft an der Eidermiindung. Offa-Bilicher 12. Neumiinster: Wachholtz, 114-
134.

Noél, R., Paquay, L., and Sosson, J.-P. (eds.) (2003), Au-Dela de | "Ecrit. Les hommes et leurs
vécus matériels au Moyen Age a la Ilumiére des sciences et des techniques. Nouvelles
Perspectives. Actes du Colloque international de Marche-en-Famenne oct. 2002. Court-Saint-
Etienne: Brepols.

Nuber, H. (2005), Villae Rusticae. In: Menghin and Planck (eds.), 270-277.

Nuber, H. (2005b), Staatskrise im 3.jahrhundert. Die Aufgabe der rechtsrheinischen Gebiete.
In: Menghin and Planck (eds.), 442-451.

Nuorala, E. (2004), Molecular Palaeopathology. Ancient DNA Analyses of the Bacterial
Diseases Tuberculosis and Leprosy. Stockholm: Archaeological Research Laboratory
Stockholm University.

Nutton, V. (2000), Medical thoughts on urban pollution. In: Hope, V., and Marshall, E. (eds.),
Death and disease in the ancient city. London: Routledge, 65-73.

O’Connor, T. (2000), The Archaeology of Animal Bones. Stroud: Sutton Publishing.
O’Rourke, K., and Williamson, J. (2002), When Did Globalisation Begin? Europ. Rev. Econ.
Hist. 6,1, 23-50.

Oberhelman, R., Guerrero, E., Fernandez, M., Silio, M., Mercado, D., Comiskey, N.,
Ihenacho, G., and Mera, R. (1998), Correlations between intestinal parasitosis, physical
growth, and psychomotor development among infants and children frim rural Niceragua. Am. J.
Trop. Med. Hyg. 58,4, 470-475.

Olds, K. (2006), Female productivity and mortality in early-20th-century Taiwan. Econ. Hum.

263



Biol. 4,2, 206-221.

Olivier, G. (1963), Détermination de la stature d’apres les os longs des membres. Bull. Mém.
Soc. d’Anthrop. Paris 11,4, 443-449.

Olsen, S., Halldorsson, T., Willett, W., Knudson, V., Gillman, M., Mikkelsen, T., and
Olsen, J. (2007), Milk consumption during pregnancy is associated with increased infant size at
birth: prospective cohort study. Am. J. Clin. Nutr. 86,4, 1104-1110.

Ong, K., Ahmed, M., and Dunger, D. (2006), Lessons from large population studies on timing
and tempo of puberty (secular trends and relation to body size): the European trend. Mol. Cell.
Endocrinol. 25,245-255, 8-12.

Oomman, N., and Ganatra, B. (2002), Sex selection: the systematic elimination of girls.
Reprod. Health Matters 10,19, 184-188.

Opitz, C. (ed.) (1995), Der Hexen-Streit. Frauen in der frithneuzeitlichen Hexenverfolgung.
Freiburg i.Br. : Herder.

Ortner, D. (1998), Male-female immune reactivity and its implications for interpreting
evidence in human skeletal paleopathology. In: Grauer, A., and Stuart-Macadam, P. (eds.), Sex
and Gender in Paleopathological Perspective. Cambridge: Cambridge University Press, 79-92.
Osmani, S., and Sen, A. (2003), The hidden penalties of gender inequality: foetal origins of ill-
health. Econ. Hum. Biol. 1,1, 105-121.

Osterdieckhoff, G. (2002), Die vorindustrielle europdische Familie im Kulturvergleich. In: J.
Dorbitz, and J. Otto (eds.), Familienpolitik und Familienstrukturen. Materialien zur
Bevdlkerungswissenschaft 108. Wiesbaden: Bundesinstitut fiir Bevolkerungsforschung bei
Statistischen Bundesamt.

Ott, N. (2002), The economics of gender — Der neoklassische Erkldarungsansatz zum
Geschlechterverhiltnis. In: Fabel and Nischik (eds.), 33-66.

Owen, L. (2005), Distorting the Past. Gender and the Division of Labor in the European Upper
Paleoltihic. Tiibingen Publications in Prehistory. Tuebingen: Kerns.

Patterson, J. (2000), On the margins of the city of Rome. In: Hope, V., and Marshall, E. (eds.),
Death and disease in the ancient city. London: Routledge, 85-103.

Patterson, J. (2006), Landscapes and Cities. Rural Settlement and Civic Transformation in
Early Imperial Italy. Oxford: Oxford University Press.

Paul, A. (1978), Untersuchungen an Tierknochenfunden aus dem mittelalterlichen Liibeck.
Liibecker Schriften zu Archdologie und Kulturgeschichte: Vorgeschichte, Mittelalter, Neuzeit.
Amt fiir Archdologische Denkmalpflege der Hansestadt Liibeck. Bonn: Habelt.

Pearson, K. (1899), On the reconstruction of stature of prehistoric races. Mathematical
contributions to the theory of evolution. Phil. Transact. Roy. Soc. A192, 169-245.

Peters, J. (1998), Romische Tierhaltung und Tierzucht: Eine Synthese aus archdozoologischer
Untersuchung und schriftlich-bildlicher Uberlieferung. Rhaden/Westf.: Marie Leihdorf GmbH.

Peterson, J. (2006), Gender and Early farming societies. In: Nelson (ed.), 537-570.

Pfister, C. (1988), Klimageschichte der Schweiz 1525 — 1860. Das Klima der Schweiz von 1525
— 1860 und seine Bedeutung in der Geschichte von Bevolkerung und Landwirtschaft.
Bern/Stuttgart: Haupt.

Piercecchi-Marti, M., Louis-Borrione, C., Bartoli, C., Sanvoisin, A., Panuel, M., Pelissier-
Alicot, A., Leonetti, G. (2006), Malnutrition, a rare form of child abuse: diagnostic criteria. J.
Forensic Sci. Soc. 51,3, 670-673.

Pigiére, F., Boone, 1., Udrescu, M., van Neer, W., and Vanpoucke, S. (2004) Status as
Reflected in Food Refuse or Late Medieval Noble and Urban Households at Namur (Belgium),
In: Jones O’Day et al. (eds.), 233-243.

Plavcan, J., Kay, R., Jungers, W., and van Schaik, C. (2002), Reconstructing behaviour in
the Primate Fossil Record. New York: Kliver Academic Publishers.

264



Ploetz, K. (ed.) (2003), Der grofse Ploetz — die Daten-Enzyklopddie der Weltgeschichte. Daten,
Fakten, Zusammenhdnge. Freiburg i.B.: Ploetz-Verl.

Pliimper, T., and Neumayer, E. (2006), The Unequal Burden of war: The effect of armed
conflict on the gender gap in life expectancy. Internat. Organization 60,3, 723-754.

Polonen, J. (2002), The division of wealth between men and women in Roman succession (c.a.
50 B.C. - AD 250), In: Setéli et al. (eds.), 147-180.

Poskitt, E. (1999), Feeding Problems. In: Sadler et al. (eds.), 156-157.

Prentice, A., and Prentice, A. (1995), Evolutionary and environmental influences in human
lactatation. Proceed. Nut. Soc. 54, 391-400.

Prince, J., and Steckel, R. (2001), Tallest in the World: Native Americans of the Great Plains
in the Nineteenth Century. Am. Econ. Rev. 91, 287-294.

Privat, K., O’Connell, T., Neal, K., and Hedges, R. (2004), Fermented Dairy Product
Analysis and Palaeodietary Repercussion: is Stable Isotope Analysis not Cheesy Enough? In:
Mulville and Outram (eds.), 60-66.

Quiroga Valle, G. (1998), Height Evolution in Spain, 1893-1954: An Analysis by Regions and
Professions. In: Komlos and Baten (eds.), 359-383.

Reher, D., and Ortega Osona, J. (2000), Malthus revisited: Exploring Medium-Range
interactions between economic and demographic forces in historic Europe. In: Bengtsson, T.,
and Saito, O. (eds.), Population and Economy. From Hunger to Modern Economic Growth.
Oxford: Oxford University Press, 183-212.

Reichstein, H. (1972), Einige Bemerkungen zu den Haustierfunden auf der Feddersen Wierde
und vergleichbarer Stellen in Nordwestdeutschland. Die Kunde NF, 142-152.

Reichstein, H. (1990), Anmerkungen zu kaiserzeitlichen Tierknochen von der Archsumburg auf
Sylt. In: Harck, O. (ed.), Die Ausgrabungen in den romerzeitlichen Erdwerken Archsumburg;
Tinnumburg und Traelbanken an der Westkiiste Schleswigs. Mainz: von Zabern, 278-281.
Reichstein, H. (1991), Die Fauna des germanischen Dorfes Feddersen Wierde. Stuttgart: Franz
Steiner Verlag.

Reichstein, H., and Pyrozok, A. (1991), Tierknochenfunde aus hochmittelalterlichen
Siedlungslagerungen in Liibeck (Grabungen Dr.Julius-Leber-Strale 58), Liibecker Schriften
Arch. u. Kulturgesch. 21, 183-202.

Reid, A. (1996), Cattle herds and the Redistribution of Cattle Resources. World Arch. 28,1, 43-
57.

Reik, W., and Walter, J. (2001), Genomic imprinting: parental influence on the genome.
Nature Rev. genet. 2, 21-32.

Reinhold, S. (2005), Engendering cultural communication networks: Gender related exchange
systems of North Caucasian Iron Age societies between high mountains, piedmonts and the
steppe. In: Hjerungdal, T. (ed.), Gender locales and local genders in archaeology. Oxford:
Archeopress.

Relethford, J., and Hodges, D. (1985), A statistical test for differences in sexual dimorphism
between populations. Am. J. Phys. anthrop. 66, 55-61.

Retief, F., and Cilliers, L. (2000), Epidemics of the Roman Empire, 27 BC — AD 476. S. Afri.
Med. J. 90, 267-272.

Reuter, M. (2006), Fremde kommen ins Land. Mobilitidt und ethnische Vielfalt im romischen
Stidwestdeutschland. In: Menghin and Planck (eds.), 97-101.

Rey, J., and Bresson, J. (1997), Conséquences a long terme de la nutrition foetale. Arch.
Pediatr. 4,4, 359-366.

Reynolds, P. (1995), The Food of the Prehistoric Celts. In: Wilkins, J., Harvey, D., and Dobson,
M. (eds.), Food in Antiquity. Exeter: University of Exeter Press, 303-315.

Roberts, C., and Manchester, K. (1995), The archaeology of disease. Ithaca: Cornell
University Press.

265



Roosevelt, Q. (2002), Gender in human Evolution: Sociobiology revisited and revised. In:
Nelson and Rosen-Ayalon (eds.), 355-376.

Roseboom, T., de Rooij, S., and Painter, R. (2006), The Dutch famine and its long-term
consequences for adult health. Early Human Development 82,8, 485-491.

Rosenberg, M. (2007), Global child health: burden of disease, achievements, and future
challenges. Curr. Probl. Pediatr. Adolesc. Health Care 37,9, 338-362.

Rosenfeld, R. (2005), Sexual dimorphism in the growth of homo sapiens: Facts, Inferences and
speculation. In: Carel, J.C. ., Kelly, P.,, and Christen, Y. (eds.), Deciphering Growth.
Berlin/Heidelberg: Springer, 19-26.

Roésing, F. (1977), Methoden und Aussagemoglichkeiten der anthropologischen Leichenbrand-
bearbeitung. Arch. u. Naturwiss. 1, 53-80.

Rosing, F. (1988), Korperhohenrekonstruktion aus SkelettmaBen. In: KnuBmann, R. (ed.),
Wesen und Methoden der Anthropologie 1: Wissenschaftstheorie, Geschichte, morphologische
Methoden. Stuttgart: Gustav Fischer Verlag, 586-600.

Rotberg, R. (ed.) (2000), Health and Disease in Human History. A Jornal of Interdisciplinary
History reader. Cambrige/ London: The MIT Press.

Rotberg, R. (2000), Health and disease in human history. Cambridge: MIT Press.

Rotberg, R., and Rabb, T. (eds.) (1983), Hunger and History. The impact of changing food
production and consumption patterns in society. Cambridge: Cambridge University Press.

Roth, H. (ed.) (1984), Hessen m Friihmittelalter. Archdologie und Kunst. Ausstellung d. Mus.
Vor- u. Frithgesch. Frankfurt a.M.: Thorbecke.

Rothenhéfer, P. (2005), Die Wirtschaftsstrukturen im siidlichen Germanien. Untersuchungen
zur Entwicklung eines Wirtschaftsraumes an der Peripherie des Imperium Romanum. KSARP 7.
Rhaden/Westf.: Marie Leidorf GmbH.

Ruff, C. (1987), Sexual dimorphism in human lower limb bone structure: relationship to
subsistence strategy and sexual division of labor. J. Hum. Evol. 16,5, 391-416.

Ruff, C. (2002), Variation in human body size and shape. Annu. Rev. Anthropol. 31, 211-232.
Sabir, N., and Ebrahim, G. (1984), Are daughters more at risk than sons in som societies? J.
Trop. Pediatr. 30, 237-239.

Sadler, M., Strain, J., and Caballero, B. (eds.) (1998), Encyclopedia of Human Nutrition.
Academic Press: San Diego/London.

Sallares, R. (2002), Malaria and Rome. A history of Malaria in Ancient Italy. Oxford: Oxford
University Press.

Saller, R. (1994), Patriarchy, Property and Death in the Roman Family. Cambridge:
Cambridge University Press.

Sandberg, L., and Steckel, R. (1987), Heights and economic history; The Swedish case. Ann.
Hum. Biol. 14,2, 101-109.

Sasse, B. (1996), Regina Mater. Archéologische und schriftliche Quellen zu Merowinger-
Koniginnen. In: H. Brandt, and J. Koch (eds.), Konigin, Klosterfrau, Béduerin. Frauen im
Frithmittelaler. agenda Verlag: Miinster, 83-116

Saunders, S. (1992), Subadult Skeletons and Growth Related Studies. In: Saunders, S., and
Katzenberg, M. (eds.), Skeletal Biology of Past Peoples: Research Methods. New York: Wiley-
Liss, 1-20.

Scheffer, F., and Schachtschabel, P. (2002), Lehrbuch der Bodenkunde. Stuttgart: Enke.
Schefzik, M., and Volpert, H.-P. (2003), Vivamus. Volkeschwang: K. Thannabaur Verlag.
Schofield, P. (2006), Medieval diet and demography. In: Woolgar, C., Serjeantson, D., and
Waldron, T. (eds.), Food in Medieval England. Diet and Nutrition. Oxford: Oxford University
Press, 239-253.

Schofield, R., Reher, D., and Bideau, A. (1991), The Decline of mortality in Europe.

266



Clarendon Press: Oxford.
Schonwiese, C.-D. (1995), Klimadnderungen. Daten, Analysen, Prognosen. Berlin: Springer.

Schott, L. (1963), Die Korperhohe der Manner in drei slawischen Fundkomplexen. Verdffentl.
Mus. Ur- u. Friihgesch. Potsdam 2, 60-66.

Schultz-Klinken, K.-R. (1981), Haken, Pflug und Ackerbau. Ackerbausysteme des
Saatfurchen- und Saatbettbaues in urgeschichtlicher und geschichtlicher Zeit sowie ihr Einfluf3
auf die Bodenentwicklung. Hildesheim: August Lax.

Schutkowski, H. (1993), Statusabhidngige Erndhrungsunterschiede in merowingerzeitlichen
Bevolkerungen Siidwestdeutschlands. In: Dilg, P. (ed.), Rhythmus wund Saisonailtdt.
Sigmaringen: Thorbecke, 257-267.

Schutkowski, H., and Grupe, G. (1997), Zusammenhidnge zwischen Cribra orbitalia,
archdometrischen Befunden am Skelett und Habitatbedingungen. Anthrop. Anz. 55,2, 155-166.
Schutkowski, H., Herrmann, B., Wiedemann, F., Bocherens, H., and Grupe, G. (1999),
Diet, Status and decomposition at Weingarten: Trace Element and Isotope Analyses on Early
Medieval Skeletal Material. J. Arch. Sci. 26,6, 675-685.

Schwarcz, H., and Schoeninger M. (1991), Staple Isotope analysis in human nutritional
ecology. Yearb. Phys. Anthrop. 34, 283-321.

Schwarz, 1. (1995), Diaita — Erndhrung der Griechen und Romer im Klassischen Altertum.
Eine altsprachlich-erndhrungswissenschaftliche Studie. Innsbruck: Inst. fiir Sprachwiss.
Schweich, M., and Kniisel, C. (2003), Bio-cultural effects in medieval populations. Econ.
Hum. Biol. 1,3,367-377.

Schweissing, M. (2004), Strontium-Isotopenanalyse ’Sr/°Sr). Eine archiometrische
Applikation zur Kldrung anthropologischer und archdologischer Fragestellungen in Bezug auf
Migration und Handel. Miinchner Geologische Hefte A 31. Munich: Department fiir Geo- und
Umweltwissenschaften der LMU.

Schwekendiek, D. (2008), The North Korean standard of living during the famine. Soc. Sci.
Med. 66,3, 596-608.

Scobie, A. (1986), Slums, Sanitation, and Mortality in the Roman World. Klio 68,2, 399-433.
Scott, S., and Duncan, C. (2000), Interacting effects of nutrition and social class differentials
on fertility and infant mortality in a pre-industrial population. Pop. Stud. 54, 71-87.

Scott, S., and Duncan, C. (2002), Demography and Nutrition. Evidence from historical and
Contemporary populations. Oxford: Blackwell publishing company.

Scrimshaw, N. (2000), Infection and nutrition: synergistic interactions. In: Kiple, K. and
Ornelas, K. (eds.), The Cambridge World History of Food. Cambridge: Cambridge University
Press, 1397-1411.

Scrimshaw, N., Taylor, C., and Gordon, J. (1968), Interaction of nutrition and infection.
WHO Monog. Ser. 57. Geneva: WHO.

Sczech, K. (1993), Archdologische Befunde zur Entsorgung im Mittelalter. Dargestellt am
Beispiel der Stidte Konstanz und Freiburg i.Br. Diss. Albert-Ludwigs-University Freiburg i.Br.
Seemann, E. (2001), Sexual Dimorphism in Skeletal Size, density and strength. J Clin
Endocrinol Metab. 86,10, 4576-4584.

Seetah, K. (2005), Butchery as a Tool for Understanding the Changing Views of Animals:
Cattle in Roman Britain. In: Pluskowski, A. (ed.), Just Skin and Bones? New Perspectives on
Human-animal Relations in the Historical Past. BAR Internat. Ser. 1410. Oxford:
Archaeopress, 1-8.

Segler-Mefner, S. (2004), Von der Entdeckung der Selbstbestimmung zur Diskussion iiber die
Stellung der Frau: Der Wandel der Geschlechterbeziehungen in der italienischen Renaissance.
In: Bonnet, A.-M., and Schellewald, N. (eds.), Frauen in der friihen Neuzeit. Lebensentwiirfe in
Kunst und Literatur. Cologne: Béhlau, 7-35.

Sen, A. (1984), Food entitlements and Economic Chains. In: Newman, L. (ed.), Hunger in

267



History. Food shortage, Poverty, and Deprivation. Oxford: Blackwell, 374-386.

Sen. A., and Hawthorn, G. (1985), The Standard of Living: The Tanner Lectures, Clare Hall,
Cambridge, 1985. Cambridge: Cambridge University Press.

Setila, P. (2002), Women and Brick production - some new aspects. In: Setili et al. (eds.), 181-
202.

Setili, P., Berg, R., Hiilikka, R., Keltanen, M., Polonen, J., and Vuolanto, V. (eds.) (2002),
Women, wealth and power in the Roman Empire. Acta Instituti Romani Finlandiae 25. Rome:
Institutum Romanum Finlandiae.

Shah, S., Selwyn, B., Luby, S., Merchant, A., and Bano, R. (2003), Prevalence and correlates
of stunting among children in rural Pakistan. Pediatr. Int. 45,1, 49-54.

Sheffield, C. (1989), Sexual terrorism: The Social control of women. In: Hess/ Ferree (eds.),
171-189.

Shepard, R., and Parizkova, J. (1991), Human Growth, Physical Fitness and Nutrition. Med.
Sport. Sci. 31. Basel: Karger.

Sherratt, A. (1981), Plough and Pastoralism. In: Hodder, I., Issacs, G., and Hammond, N.
(eds.), Patterns of the Past. Cambridge: Cambridge University Press.

Sherrat, A. (1996), Plough and Pastoralism: Aspects of Secondary Products Revolution. In:
Sherrat, A. (ed.), Economy and Society in Prehistoric Europe: Changing Perspectives.
Princeton: Princeton University Press, 158-198.

Silventoinen, K. (2003), Determinants of variation in adult body height. J. Biosoc. Sci. 35,2,
263-285.

Smith, L., and Haddad, L. (2000), Explaining child malnutrition in developing countries.
IFPRI Research Report 111. Washington D.C.: International Food Policy Research Institute.
Smith, P. K., Bogin, B., Varela-Silva, M. L., and Loucky, J. (2003), Economic and
anthropological assessments of the health of children in Maya immigrant families in the US.
Econ. Hum. Biol. 1,2, 145-160.

Sejvold, T. (1988), Geschlechtsdiagnose am Skelett. In: KnuBmann, R. (ed.), Wesen und
Methoden der Anthropologie I: Wissenschaftstheorie, Geschichte, morphologische Methoden.
Stuttgart: Gustav Fischer Verlag, 444-480.

Sejvold, T. (1990), Estimation of stature from long bones utilizing the line of organic
correlation. Human Evolution, 5, 431-447.

Sommer, S. (2002), Neue Forschungen zu den Romern. Diesseits des Limes. In: Menghin and
Planck (eds.), 238-242.

Serensen, M. (2000), Gender Archaeology. Cambridge: Polity Press.

Souci, S., Fachmann, W., and Kraut, H. (1994), Food Composition and Nutrition Tt ables’.
Stuttgart: medpharm GmbH Scientific Publishers.

Spencer-Wood, S. (2006), Feminist Gender research in classical archaeology. In: Nelson (ed.),
295-3209.

Spinage, C. (2003), Cattle Plague. A History. New York: Cluver Academic/Plenum Publishers.
Spindler, K. (2000), Der Mann im Eis. Munich: Goldmann.

Spurr, G. (1983), Nutritional status and physical work capacity. Yearb. Phys. Anthrop. 26, 1-
35.

Stannard, D. (1993), Disease, human Migration, and History. In: K. Kiple (ed.), The
Cambridge world History of Human Disease. Cambridge: Cambridge University Press, 35-42.
Steckel, R. (1992), Stature and Living Standards in the United States. In: Gallman, R., and
Wallis, J. (eds.), American economic growth and standards of lving before the Civial War.
Chicago: University of Chicago Press, 265-308.

Steckel, R. (1998), The formative period of the New Anthropometric History. In: Komlos, J.,
and Cuff, T. (eds.), Classics of Anthropometric History: A Selected Anthology. St. Katharinen:
Scripta Mercaturae, 1-22

268



Steckel, R. (1995), Stature and the Standard of Living. J. Econ. Lit. 33,4, 1903-1940.

Steckel, R. (2003), Research project: A history of health in Europe from the late Paleolithic era
to the present, Econ. Hum. Biol. 1,1, 139-142.

Steckel, R. (2004a), Net Nutrition over the Past Millennium: Methodology and some Results
for Northern Europe. Soc. Sci. Hist. 28,2, 211-229.

Steckel, R. (2004b), New Light on the “Dark Ages”: The Remarkably Tall Stature of Northern
European Men during the Medieval Era, Soc. Sci. Hist. 28,2, 211-229.

Steckel, R. (2007), Ecological conditions and nutritional success: Equestrian nomads of the
Great plains. Paper to be presented at the SSHA conference Chicago.

Steckel, R., and Floud, R. (eds.) (1997), Health and Welfare during Industrialization. Chicago:
University of Chicago Press.

Steckel, R., Sciulli, P., and Rose, J. (1998), Skeletal Remains, Health and History: A Project
on Long Term Trends in the Western Hemisphere. In: Komlos and Baten (eds.), 139-154.
Steckel, R., and Rose, J. (2002), The Backbone of History: Health and Nutrition in the Western
Hemisphere. Cambridge: Cambridge University Press.

Steidl, B. (2007), “Kulturwandel in Bayern um die Zeitenwende*. Leben und Kultur, Science
Meeting Munich.

Stini, W. (1969), Nutritional stress and growth: sex difference in adaptive response. Am. J.
Anthropol. 31, 417-426.

Stinson, S. (1985), Sex differences in environmental sensitivity during growth. Yearb. Phys.
Anthrop. 28, 123-147.

Stinson, S. (1992), Nutritional adaption. Annu. Rev. anthropol. 21, 143-170.

Stinson, S. (2000), Growth Variation: biological and cultural factors. In: Stinson, S., Bogin, B.,
Huss-Ashmore, R., and O’Rourke, D. (eds.), Human Biology. An evolutionary and biocultural
perspective. New York: Wiley-Liss, 425-463.

Stinson, S., Bogin, B., Huss-Ashmore, R., and O’Rourke, D. (eds.) (2000), Human Biology.
An evolutionary and biocultural perspective. New York: Wiley-Liss.

Stone, D. (2006), The consumption of field crops in Late medieval England. In: Woolgar, C.,
Serjeantson, D., and Waldron, T. (eds.), Food in Medieval England. Diet and Nutrition. Oxford:
Oxford University Press, 11-26.

Strauss, J., and Thomas, D. (1998), Health, nutrition, and economic development. J. Econ. Lit.
36, 766-817.

Stuart-Macadam, P. (1991), Anaemia in Roman Britain: Poundbury Camp. In: Bush, H., and
Zvelebil, M. (eds.), Health in Past Societies. Biocultural interpretations of human skeletal
remains in archaeological context. BAR Internat. Ser. 567. Oxford: Tempvs Reparatvm.

Szaivert, W., and Wolters, R. (2005), Lohne, Preise, Werte. Quellen zur romischen
Geldwirtschaft. Darmstadt: Wissenschaftliche Buchgesellschatft.

Szilvassy, J. (1988), Altersdiagnose am Skelett. In: KnuBmann, R. (ed.), Wesen und Methoden
der Anthropologie I: Wissenschaftstheorie, Geschichte, morphologische Methoden. Stuttgart:
Gustav Fischer Verlag, 389-407.

Takahashi, E. (1984), Secular trend in milk consumption and growth in Japan. Hum Biol. 56,3,
427-437.

Tanner, J. (1981), 4 history of the study of human growth. Cambridge: Cambridge University
Press.

Telldahl, Y. (2005), Can Palaecopathology be Used as Evidence for Draught Animals? In:
Davies et al. (eds.), 63-67.

Teuteberg, J. (1992), Agenda for a comparative European history of diet. In: Teuteberg, J.
(ed.), European food history — A Research Review. Leicester: Leicester University Press.
Thomas, D., and Strauss, J. (1992), Prices, infrastructure, household characteristics and child
height. J. Dev. Econ. 39, 301-331.

269



Thompson, M. (2005), Medieval Dairying in England: Prescription, Practice and Performance.
In: Mulville and Outram (eds.), 132-141.

Thorén, S., Lindenfors, P., and Kappeler, P. (2006), Phylogentic Analyses of dimorphism in
primates: Evidence for stronger selection on canine size than on body size. Am. J. of Phys.
Anthrop. 130, 50-59.

Thiiry, G. (2001), Miill und Marmorsdulen. Siedlungshygiene in der romischen Antike. Mainz
a.R.: von Zabern.

Thiiry, G. (2007), Kulinarisches aus dem rémischen Alpenvorland. Linzer Archiologische
Forschungen XXXIX. Linz: Stadtmuseum/PG Druckerei.

Tobias, P. (1970), Puberty, growth, malnutrition and the weaker sex and two new measures of
environmental betterment. The Leech 40, 101-107.

Townsend, P. (1979), Poverty in the United Kingdom: A survey of households, resources and
standards of living. Harmondsworth: Penguin Books, 479-486.

Treherne, P. (1995), The warrior's beauty: the masculine body and self-identity in Bronze-Age
Europe. J. Europ. Arch. 3,1, 105-144.

Trotter, M. (1970), Estimation of stature from intact long limb bones. In: Stewart, T. (ed.),
Personal Identification in Mass Disasters. Washington, D.C.: National Museum of Natural
History, 71-83.

Trotter, M., and Gleser, G. (1952), Estimation of stature from long bones of American Whites
and Negroes. Am. J. Phys. Anthrop. NS 10, 463-514.

Trotter, M., and Gleser, G. (1958), A re-evaluation of stature based on measurements taken
during life and of long bones after death. Am. J. Phys. Anthrop. NS 16, 79-124.

Tuffin, P., and McEvoy, M. (2005), Steak a la Hun: Food, Drink, and Dietary Habits in
Ammianus Marcellinus. In: Mayer, W., and Trzcionka, S. (eds.), Feast, Fast or famine. Food
and Drink in Byzantium. Australian Assoc. Byzantine Studies 15. Brisbane: Watson Ferguson &
Company, 69-84.

Uerpmann, H.-P. (1972), Animal Bone Finds and Economic Archaeology. A Critical Study of
the ‘Osteo-archaeological’ Method. World Arch. 4, 307-322.

Ulijaszek, S. (1996), Long-term consequences of early environmental influences on human
growth: A developmental perspective. In: Henry and Ulijaszek (eds.), 25-43.

Ulijaszek, S. (2006), The international growth standard for children and adolescents project:
environmental influences on Preadolescent and adolescent growth in weight and height. Food
Nutr. Bull. 27.4 (Suppl. Growth Standard), 279-294.

Ulrich-Bochsler, S. (1996), Anthropologische Befunde zu Frau und Kind in Mittelalter und
Neuzeit unter besonderer Beriicksichtigung der Stellung der Friih- und Neugeborenen:
soziobiologische und soziokulturelle Aspekte im Lichte von Archdologie, Geschichte,
Volkskunde und Medizingeschichte. Basel, University, Diss. Mikrofiche.

UNICEF (1990), Strategy for improved nutrition of children and women in developing
countries. A UNICEF Policy Review. New York: UNICEF.

UNICEF (1998), The state of the world’s children 1998. New York: Oxford University Press.

Urquart, J. (1983), Animals on the Farm. London: MacDonald & Co.

van Wieringen, J. (1972), Secular changes of growth: 1964-1966 height and weight surveys in
the Netherlands, in historical perspective. Leiden: Netherlands Institute for Preventive
Medicine.

van Zanden, J.L. (1995), Tracing the Beginning of the Kuznets Curve: Western Europe during
the Early Modern Period. Econ. Hist. Rev. XLVIII, 4, 643-664.

van Zanden, J.L. (1999), Wages and Standard of Living in Europe, 1500 — 1800. Europ. Rev.
Econ. Hist. 3,2, 175-197

270



Verhoff, M., Kreutz, K., Ramsthaler, F., and Schiwy-Bochgt, K.-H. (2006), Forensische
Anthropologie und Osteologie - Ubersicht und Definitionen. Dt. Arztebl. 103, 12, A-782, B-661,
C-641.

Visy, Z. (1985), Der pannonische Limes in Ungarn. Budapest: Corvina.

Volk, P., et al. (1988), Frauen am romischen Limes. Anthropologische Rekonstruktion der
Bevolkerung von Kastell und Vicus Schirenhof. In: Hilgarth, M., and M&nig-Schuth, M. (eds.),
Festschrift H.-G. Hillemanns. Konstanz: Druckerei am Fischmarkt, 549-587.

Wahl, J. (1982), Leichenbranduntersuchungen. Ein Uberblick iiber die Bearbeitungs- und
Aussagemoglichkeiten von Brandgrébern. Prdhist. Zeitschr. 57, 1-125.

Wahl, J., and Kokabi, M. (1988), Das romische Grdiberfeld von Stettfeld I — Osteologische
Untersuchungen der Knochenreste aus dem Grdberfeld. Stuttgart: K. Theiss Verlag.

Waldron, T. (1998), A note on the estimation of height from ling-bone measurements. Internat.
J. Osteoarch. 8, 75-717.

Waldron, T. (2001), Shadows in the Soil. Human Bones and Archaeology. Stroud: Tempvs
Publishig Ltd.

Waldron, T. (2006), Nutrition and the Skeleton. In: Woolgar, C., Serjeantson, D., and Waldron,
T. (eds.), Food in Medieval England. Diet and Nutrition. Oxford: Oxford University Press, 254-
266.

Walker, P. (1995), Problems of preservation and sexism in sexing: Some lessons from
historical collections for palacodemographers. In: Saunders, S. and Herring A. (eds.), Grave
reflections. Portraying the Past through Cemetary studies. Canadian Scholar’s Press Inc.:
Toronto, 31-44.

Walker, P., and Lambert, P. (1989), Skeletal Evidence for Stress During a Period of Cultural
Change in Prehistoric California. In: Capasso, L. (ed.), Advances in Paleopathology.
Proceedings of the VII European meeting of the Paleopathology Association (Lyon, September
1988). Chieti: Solfanelli, 207-212.

Walker, S. (1997), Nutritional issues for women in developing countries. Proc. Nutr. Soc.
56,1B, 345-356.

Walker, S., Chang, S., Powell, C., Simonoff, E., and Grantham-McGregor, S. (2007a),
Early childhood stunting is associated with poor psychological functioning in late adolescence
and effects are reduced by psychological stimulation. J. Nutr. 137,11, 2464-2469.

Walker, S., Wachs, T., Gardner, J., Lozoff, B., Wasserman, G., Pollitt, E., and Carter, J.
(2007b), Child development: risk factors for adverse aoutcomes in devloping countries. Lancet
369,9556, 145-157.

Walter, J., and Schofield, R. (1989), Famine, disease and the social order in early modern
society. Cambridge: Cambridge University Press.

Wamser, L., Fliigel, C., and Zieghaus, B. (eds.) (2000), Die Rémer zwischen Alpen und
Nordmeer: Zivilisatorisches Erbe einer europdischen Militdrmacht. Mainz: von Zabern.
Waterlow, J. (1972), Classification and definition of protein-energy-malnutrition. Brit. Med. J.
3,5826, 566-568.

Weber, S. (1985), Zur Rolle von Haus- und Nutzvieh nach den leges Barbarorum. In: Horst, F.,
and Kriiger, B. (eds.), Produktivkrifte wund Produktionsverhdltnisse in ur- und
friihgeschichtlicher Zeit. Berlin: Akademie-Verlag, 325-330.

Weber-Kellermann, 1. (1996), Die Familie. Eine Kulturgeschichte der Familie. Frankfurt
a.M./Leipzig: Insel Verlag.

Weeber, K.-W. (1990), Smog iiber Attika. Umweltverhalten im Altertum. Frankfurt a.M.:
Biichergilde Gutenberg.

Wegner, T. (2001), Die Stellung der keltischen Frau anhand altirischer Rechtstexte. Wiener
keltologische Schriften. Vienna: OeAB-Verlag.

Weinmann, U. (1997), Mittelalterliche Frauenbewegungen. Pfaffenweiler: Centaurus.

271



Wefer, G., Berger, W., Behre, K.-E., Jansen, E. (eds.) (2002), Climate Development and
History of the North Atlantic Realm, Hanse Conference on Climate History. Berlin/Heidelberg:
Springer. Werdelin, L. (1985), Stature of some Swedish populations. Fornvinnen 80,2, 133-
141.

Wettlaufer, J. (2000), The jus primae noctis as a male power display: A review of historic
sources with evolutionary interpretation. Evolution and Human Behavior, 21,2, 111-123.

White, K. (1995), Cereals, bread and milling in the Roman world. In: Wilkins, J., Harvey, D.
and Dobson, M. (eds.), Food in antiquity. Exeter: Exeter University Press.

Whitehead, R. (1977), Protein and energy requirements of young children living in the
developing countries to allow for catch-up growth after infections. Am. J. Clin. Nutr. 30,9,
1545-1547.

WHO (1992), Innocenti Declaration. Uber den Schutz, die Férderung und die Unterstiitzung des
Stillens. In: Lauterbour, C., Lehners, M., and Thommes C., (eds.), Stillen. Ein Handbuch von A-
Z. Hamburg: Rowohlt.

WHO (1995), Physical Status: The use and interpretation of anthropometry. Geneva: WHO.

WHO, Food Safety Unit (1993), Contaminated food: a major cause of diarrhoea and associated
malnutrition aming infants and young children. Facts Infant Feed. 3, 1-4.

Wiese, B., and Zils, N. (1987), Deutsche Kulturgeographie: Werden, Wandel und Bewahrung
deutscher Kulturlandschaften. Herford: Busse Seewald.

Wiethold, J. (2003), Archiobotanische Untersuchungen zur Erndhrungs- und
wirtschaftsgeschichte des Mittelalters und der frithen Neuzeit. In: Noél et al. (eds.), 461-499.

Wiley, A. (2005), Does milk make children grow? Relationships between milk consumption and
height in NHANES 1999-2002. Am. J. Hum. Biol. 17,4, 425-441.

Willerding, U. (1979), Zum Ackerbau in der jiingeren vorromischen Eisenzeit. Archaeo-Physica
8 (Festschr. Maria Hopf), 309-330.

Willerding, U. (1986), Landwirtschaftliche Produktionsstrukturen im Mittelalter. In: Herrmann
(ed.), 244-256.

Willerding, U. (1996), Zur Agrarproduktion von der jliingeren vorromischen Eisenzeit bis ins
frithe Mittelalter. Historicum spring, 10-20.

Wilson, B. (1994), Mortality Patterns, Animal Husbandry and Marketing in and around
Medieval and Post-medieval Oxford. In: Hall and Kenward (eds.), 103-115.

Wilson, B. (1996), Spatial Patterning among Animal Bones in Settlement Archaeology. An
English Regional Exploration. BAR Brit. Ser. 251. Oxford: Tempvs Reparatvm.

Wing, E., and Brown, A. (1979), Paleonutrition. Method and theory in prehistoric foodways.
Academic Press: New York.

Witteyer, M. (2000), Totenbrauchtum am Beispiel der Gréiberstrale von Mainz-Weisenau. In:
Wamser, Fliigel, and Zieghaus (eds.), 159-165.

Wolanski, N. (1953), Graficzna metoda obliczania wzrostu na podstawie kosci dlugch.
Przeglad antrop. 19, 403-404.

Wolanski, N., and Siniarska, A. (2001), Assessing the Biological Status of Human
Populations. Current Anthrop. 42, 301-308.

Antoszewska, A., and Wolanski, N. (1992), Sexual dimorphism in newborns and adults. Stud.
Hum. Ecol. 10, 23-38.

Wooders, M., and van den Berg, H. (2001), Female competition, evolution and the battle of
sexes. Warwick economic research papers 620. Warwick: University of Warwick.

Woolgar, C. (2006), Meat and Dairy products in late medieval England. In: Woolgar, C.,
Serjeantson, D., and Waldron, T. (eds.), Food in Medieval England. Diet and Nutrition. Oxford:
Oxford University Press, 88-101.

Wrigley, E., and Schofield, R. (1981), The Population History of England 1541 — 1871: A
reconstruction. Cambridge/Mass.: Harvard University Press.

272



Wu, G., Bazer, F., Cudd, T., Meininger, C., and Spencer, T. (2004), Maternal nutrition and
fetal development. J. Nutr. 134,9, 2169-2172.

Wurm, H. (1986), Zur Geschichte der Korperh6henschitzungen nach Skelettfunden. Anthrop.
Anz. 44,2. 149-167.

Wurm, H., and Leimeister, H. (1986), Ein Beitrag zu spezifischen Auswahl von Vorschlidgen
zur Korperhohenschitzung nach Skelet(t)funden, zur Vergleichbarkeit von Schétzergebnissen
und zur allgemeinen Problematik realistischer Lebendhohenschitzungen. Gegenbaurs
Morphologisches Jahrbuch 132,1, 69-110.

Yang, W., Knobel, H., and Chen, C. (1996), Gender differences in postneonatal infant
mortality in Taiwan. Sci. Med. 43,10, 1461-1465.

Zanier, W. (2000), Der Alpenfeldzug 15 v.Chr. und die augusteische Okkupation in
Stiddeutschland. In: Wamser, Fliigel, and Zieghaus (eds.), 11-17.

Zech, W., and Hintermaier-Erhard, G. (2002), Béden der Welt. Heidelberg: Spektrum, Akad.
Verlag.

Zhou, H., He, Y., and Ohtsuka, R. (2005), Sex differences in the malnourished status of
Chinese children due to schistosomiasis infections and inadequate dietary intake. Environ. Sci.
12,3, 145-153.

Zilberberg, J. (2007), Sex selection and restricting abortion and sex determination. Bioethics.
21,9, 517-519.

Zimmermann, A. (1996), Zur Bevolkerungsdichte in der Urgeschichte Mitteleuropas. In:
Campen, 1., Hahm, J., and Uerpmann, M. (eds.), Spuren der Jagd — die Jagd nach Spuren.
Tiibinger Monographien zur Urgeschichte 11, 49-61.

Zvelebil, M. (2000), Fat is a Feminist Issue: On Ideology, Diet and Health in Hunter-Gatherer
Societies. In: Donald and Hurcombe (eds.), 209-221.

273



