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Abstract 

 
This interdisciplinary study examines nutritional status during the antiquity namely 
from the first century to the fourth century AD in the North Western Roman provinces 
in comparison with anthropological and demographic measures. 
 
In recent research, the variation in average height is often employed as an indicator of 
the quality of nutrition, because biological research has shown that quantitative und 
qualitative malnutrition and related diseases lead to reduced growth during childhood 
and youth, which means subsequently lower height in adulthood. The novelty and 
importance of the paper lies in the kind of sourc es (bones) and especially in the 
period, which hardly has been investigated by now. The changes in the average height 
of the ancient population - over the different periods of the Roman Empire, regions, 
and the genders - will be our central focus. 
This paper focuses on the following issues: 
1. How did nutritional status develop over time? 
2. Are there h eight differences observable between the Roman provinces Raetia, 
Germania superior and inferior, and if so how much does it differ between the 
provinces? Are there region-specific trends?  
3. Was nutritional gender inequality larger than in modern height samples? Which 
gender did best in which economic situation? 
4. How does the Roman experience compare with other time periods? 
Our preliminary results indicate that women in Roman times did relatively well. The 
nutritional situation was better in the first century AD than in the later centuries. 
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1. Introduction : Main questions, historical background  
 
In every society and era quality of nutrition, life expectancy and health are important 

components of the biological standard of living. Economists have recently devoted 

particular attention to these factors. Two decades ago developmental economists 

began to discuss the best way how to define a society’s standard of living accurately. 

Amartya Sen and other economists argued that the measuring instrument gross 

domestic product (GDP) does not provide accurate insights, because there is no 

perfect correlation between economic growth and certain aspects of the standard of 

living, such as nutrition and health1. For example, John Komlos was one of the first 

researchers who recognized the divergence of income and the biological standard of 

living as measured by the average height2. The concept of the biological standard of 

living deals with nutrition, life expectancy and health. 

Average height is often employed as an indicator of the quality of nutrition, 

because biological research has shown that quantitative und qualitative malnutrition 

and related diseases result in less growth during childhood and youth, which means 

subsequently reduced height in adulthood. In order to evaluate the relative existence 

of malnutrition of children, the World Health Organization recommends comparing 

the height of a child from a given country with that of an average child of the same 

age from a more economically advanced country (the standard of an economically 

advanced country being the United States)3. 

The informative value of the correlation between nutrition and height has also 

found its way into the palaeo-medical research4. In contrast to traditional welfare 

indicators (like GDP), height as an indicator for nutrition provides further important 

advantages, because of the availability of primary sources about height and because of 

the good comparability of the variation of height in different periods. This study is 

important, because the anthropometric history of the Roman period has hardly yet 

been told. We want to test the following hypothesis: (1) a better quality of nutrition 

                                                           
1 Sen, A., and Hawthorn, J. (1987); Sen, A. (1995). 
2 Komlos, J. (1985); and many followed: e.g. Komlos, J. (1989); (1993); (1994); (1995); (1998); 
Tanner, T., and Eveleth, P. (1990); Baten, J., and Komlos, J. (1998); Baten, J. (1999a); Steckel, R., 
et.al. (1998). 
3 see De Onis, M., and Habicht, J. (1996). 
4 Cohen, M. (1989); Armelagos, G. (1990); Czarnetzki, A. (1996); Larsen, C. (1997); e.g. it is possible 
to reconstruct nutritional patterns by means of chemical analyses: see Schutkowski, H. (1997); Larsen, 
C. (1997). 
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existed during the closest integration into the Roman Empire (2nd to 3rd century AD) 

in comparison to both the first century and fourth century AD. During the first century 

economic integration into the empire only started. In contrast, the fourth century was 

characterized by invading Alamannic tribes that caused severe disintegration. 

This hypothesis is based on the idea that the better hygienic  conditions, 

jurisdiction, infrastructure, enlargement of trade and technological transfer of 

agricultural methods of the ‘Roman’ 2nd/3rd century should have improved nutritional 

status and health5. 

However, two alternative hypotheses could be plausible: (2) the population in 

regions that had been isolated in earlier times became less well nourished after the 

regions had become Roman provinces and market integration had grown6; (3) because 

of increased population density there was less food available per person in the later 

centuries. 

 
Historical background 

This paper starts with the first century AD, when the regions north of the Alps became 

provinces of the Roman Empire: Raetia around AD 40 to 50; Germania superior and 

Germania inferior in the eighties of the 1st century AD. But before they had been 

Roman military districts already (see Figure 1). 

Raetia7 consisted of south and east Switzerland, north Tyrol and south 

Bavaria, Germania superior8 was formed by the regions along the southern part of the 

river Rhine belonging to modern Switzerland, France, Baden Wuerttemberg and 

Germania inferior9 was the northern part of the Rhine region (west shore) belonging 

to modern Netherlands, east Belgium and northwest Germany. Of special interest here 

is that the two Germania provinces were wealthier10, while Raetia was a poorer 

province. 

For the first time in Central Europe large populations had to be supplied with 

food, without working in agriculture themselves. Municipal settlements with artisan 

                                                           
5 see Bender, H. (1978); Brödner, E. (1983); Heimberg, U. (1981). 
6 Komlos, J. (1989). 
7 Baatz, D. (1993); Czysz, W., et. al. (1985). 
8 Baatz, D. (1993); Petricovitz, H.v. (1980). 
9 Baatz, D. (1993); Bechert, T. (1983). 
10 Archaeologists derived this from the fact that they excavated there for example a large number of 
estates with luxury manors of the 2nd century AD in the Rhineland and many rich hoards of the 3. 
century AD. 
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production and military settlements emerged, which depended on food supply by their 

rural environment. Farms (villae rusticae) were built frequently in the surrounding of 

civilian and military settlements to guarantee the food supply; they accounted for most 

of the province’s production. For example in Raetia farms were built especially in the 

region north of the Danube near military castles; in the alpine upland they were 

concentrated mainly along the rivers to provide good transport possibilities. But from 

the second half of the third century onwards the settlement structure changed because 

of invasions of Germanic tribes: the rural population fled into walled settlements, and 

the farms were frequently given up.  

Production of non -agricultural goods was important for the provinc ial 

economy, as well: e.g. the output of ceramic dishes11. In the 2nd century and the first 

half of the 3rd century AD the supply of dishes for the northern provinces was mainly 

provided by a site in Germania superior (Tabernae/Rheinzabern near Speyer); from 

here the ceramic goods were sold as far as Noricum and Pannonia in the east. Also 

Suebian manufacturers produced the so-called terra sigillata  around 170/180 AD. 

Since the 2nd century AD glassblowers from the Rhineland, especially in Colonia 

Agrippina/Cologne in Germania inferior  were famous. Of somewhat smaller 

importance was the textile production in Raetia. In addition, all provinces produced 

jewellery, fibulas, and building materials (quarries and lime kilns) for the local 

market. To sum up, the exist ence of highly specialized local craftsmen meant a 

different economic structure in the different regions. 

In the following we review the evidence on military conflicts and their 

potential impact on the economy. In Raetia12 emperor Claudius (AD 41-54) started to 

build up castles systematically, to establish the Danube as the new Northern border of 

the empire; he also initiated the construction of the main roads. Domitian (AD 81-96) 

extended the borderline so that the Suebian Alb became Roman, which was 

consolidated under Antoninus Pius (AD 138-161): the limes Raeticus was the result. 

Between around 50 AD and 160 AD the Raetian population lived mainly in peace, 

only except for a revolt of the Helvetians (AD 68) as well as minor riots after the 

death of Nero and fights between his descendents (AD 69). But then the situation 

                                                           
11 Except for various other goods, which were ‘imported’ from all over the empire and beyond its 
borders. 
12 First capital was Cambodunum/Kempten (D). Around AD 100 Augusta Vindelicum/Augsburg (D) 
became the new capital; before the main military capacity was stationed there. 
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changed: the Marcomannic wars (AD 165 -175 and 177-182) had a destructive 

influence. 

Because Raetia was a border province ca. 8000 auxilia soldiers were stationed 

there from the beginning, but the Marcomannic wars led to the stationing of the first 

legion in this province (century AD 179). After the wars, a peaceful period for the 

province started again, and a time of prosperity: numerous new farms were built up 

(especially around Castra Regina/Regensburg (D), were the legion was deployed). 

But in the first half of the 3rd century troubled times came about again: since AD 233 

attacks and looting by the Alamanni started to create major problems. In the end the 

Romans were forced to relocate the border back to the Danube-line after AD 260, 

since lots of castles, civilian settlements and farms had been destroyed. 

The province was divided into Raetia I13 and the northern Raetia II14 around 

AD 305. In Raetia II the Roman army15 controlled the border of the empire until the 

end of the fifth century AD. The region was already settled by the Alamanni shortly 

after AD 450; some provincial-Roman population remained there, too. 

The population of  Germania Superior also lived in peace until the first 

Marcomannic attacks around 233 AD, except for revolts of the Chatts (AD 162 and 

170) and the revolt of Maternus (AD 185/186). As part of Diocletian’s administrative 

reform the province was divided into a northern (Germania I) and a southern part 

(Maxima Sequanorum). In  Germania I the first Alamanni started to settle under 

Severus Alexander (222-235) already; Germanic people even became officers of the 

Roman army. The official end of the province was the withdrawal of the Roman 

forces under Stilicho (AD 401/402). 

Germania Inferior experienced nearly 250 years of peace, it was only 

interrupted by a revolt of the Batavians in AD 69/70. But in AD 256/257 the province 

was affected by a invasion of the Franks, and in AD 270-275 by the armed conflict 

with Rome: after dissociating itself from the empire 260 AD under Postumus (AD 

259-268) the renegade province was forced to reintegration. As part of Diocletian’s 

administrative reform the province was renamed to Germania II. It is not possible to 

date an exact end of the province; in the fifth century the Franconians hesitantly 

                                                           
13 The capital was Curia/Chur (CH). 
14 The capital was still Augsburg. 
15 The soldiers often were immigrated Germanian tribesmen, which mixed up with the not yet emigrated 
provincial-Roman population. 
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started to settle down in the region. To sum up, the negative influence of military 

conflict on the economy was severe in Raetia in the late 2nd and 3rd century, Germania 

superior and Germania inferior in the 3rd and 4th century. 

 
 
2. Data sources 
 
While the studies on height in the 17th – 20th centuries are based on written 

documents, this methodology is naturally impossible for our project. Instead we use 

skeletal remains to estimate the height of the popula tion16. Completeness of the 

skeletons is not a prerequisite for the estimation of height, because anthropological 

research has pioneered methods that can be used to estimate height based on the 

length of long bones (e.g. the femur). 

Because most bodies were cremated after death during the era of the Roman 

Empire, the number of skeletons and bones in our sample is relatively small17. This is, 

however, a general problem. Most archaeological studies have to estimate height with 

ten to 30 and sometimes less skeletons18. In some cases it was possible to add the data 

obtained from unburned skeletal remains. Recent research indicated that these people 

were belonging to the average ‘normal population’19. Their nutritional status did not 

differ significantly and there was no selectivity between cremation and burial. 

The population of the Roman provinces consists of many different ethnic 

groups. Did different ethnicities have different genetic height potentials? Physicians, 

human biologists and anthropologists recently found that genetic factors only play an 

inferior role for the average height of a population. Environmental determinants are 

much more important20. The height potential of the European population is relatively 

homogenous, even where ‘racial’ differences were assumed by earlier generations. For 

example, controlling protein supply and wages, there was no height differential of 

nineteenth-century French between the north and south21. G. Quiroga Valle explains 

                                                           
16 Cohen, M., and Armelagos, G. (1984); Gilbert, R., and Mielke, J. (1985); Schröter, P. (2000). 
17 see e.g.: Bridger, C. (1996); Dawson, M. (1994); Dreisbusch, G. (1994); Ebner, D. (1997); Friedhoff, 
U. (1991); Grünewald, M. (1990); Keller, E. (1979); Schröder, I., et.al. (1998); Schröter, P. (1990); 
Schröter, P. (1993); Wahl, J., and Kokabi, M. (1988). 
18 See Cohen, M., and Armelagos, G. (1984). 
19 Witteyer, M. (2000). 
20 e.g. Habicht, J., et.al. (1974); Bogin, B. (1988). 
21 Baten, J. (1999b). 
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most (75%) of Spain’s regional height variation by economic variables22. In their 

study on Native Americans R. Steckel and J. Prince present evidence that the tribes of 

the Great Plains have the tallest stature in the world, although older generations of 

anthropologists would have presumed that they had been generally shorter than 

Europeans, because of their Asian origin23. 

The anthropological studies that we used for this study report the length of 

bones and the reconstructed height, the gender and approximate age, sometimes 

information on health (by analysing bones and teeth) of the excavated skeletons24. It 

was possible to reconstruct the approximate time when the persons were born, 

although there might be measurement error at the individual level. One potential 

problem is that we do not know the region in which the individual grew up25. We have 

to assume for the regional study that most people did not migrate (except soldiers). 

275 observations are available for the three provinces (Raetia, Germania I and 

II ). For Raetia we have enough cases26, but the two Germania provinces had to be 

aggregated. We call the aggregate ‘Rhineland’27 in the following. 

The age information28 is necessary for the analysis of heights, because we have 

to look at individuals younger than twenty29 and older than fifty separately, or exclude 

them. As the sample size was too small, we excluded them: For the analysis of age at 

death, we considered adults (early adults aged circa 20-30 years/late adult: 30-40 

years) and matures (early: 40-50 years/late: ca. 50-60 years), and seniles (60 and 

over).  

The first century AD is represented by 40 observations of age (resp. 32 observations 

                                                           
22 Quiroga Valle, G. (1998). 
23 Steckel, R., and Prince, J. (2002). 
24 Determination of gender is based on both metrical determinations and morphological observations: 
e.g. Buikstra, J., and Mielke, J. (1985); Dokládal, M. (1970); Rösing, F. (1977 ); Schutkowski, H. 
(1983); Schutkowski, H. (1987). – Determination of age: Martin, R. (1957-1966); also see. Knußmann, 
R. (1980); Knußmann, R. (1996). – Determination of height: e.g. Wahl, J., and Kokabi, M. (1988); 
Rösing, F. (1977). 
25 In general especially the soldiers came from other regions, but in most cases one can reconstruct were 
the troops were conscripted. On the other hand it is difficult to find out the origin/provenance of traders 
and other civil persons, like farmers (not all were veterans) and craftsmen. 
26 In this study Raetia includes mainly the height of people of Bavarian sites; we only add the data of 
one necropole in Noricum, which lay at the Chiemsee near to the Raetian border. 
27 What is summed up as the Rhine region here is the area along the river from Lake Constance up to 
the North Sea and the hinterland of the river in Baden Württemberg; in ancient times the Rhine region 
was separated: the southern part belonged to the province of Germania I, the northern one belonged to 
the Germania II ; we also add the necropole of Augusta Treverorum/Trier which belonged to the 
province Belgica. 
28 Clustering after: Czarnetzki, A,. (1996). 
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of heights) – 19 (17) men and 21 (15) women –, for the second century AD we 

recorded data on 74 (74) women and 56 (53) men, the third century is represented by 

only 8 men and 3 women30, and for the fourth century AD there are 72 (72) men and 

22 (14) women (see Table 1).  

 
 
3. Trends of height and trends of age at death 
 
Overall, the height of women stagnated or decreased slightly after the first century. In 

the early fourth century height is reduced to the lowest level (see Figure 2). The height 

of men declined in the first two centuries AD: it went slightly up in the first half of the 

1st century (to the maximum31) and declined strongly (- 2.4 cm) in the second half of 

the 1st century, and then up again (but not as high as the former mean height); during 

the 4th century the height of men was low and decreased again (see Figure 3). Overall, 

for the time of the Roman Empire we find that average height of men was ca. 169.4 

cm and women had 158.5 cm in these regions. 

The average age at death32 of the 275 adults is ca. 40.5 years33; if we integrate 

the few cases of the 3rd century 34 we get an average age at death of the Roman 

                                                                                                                                                                      
29 There are only few juveniles (early: 14-16/late: –20 years), whom we excluded. 
30 There is no data for the analysis of height. 
31 Here the number of cases may be a problem. 
32 Here we took into account the seniles also, but we did not took into account the infants. 
Because infant death rates were high in medieval times, we would have expected similar values for 
Roman times. But the selections did not show extra-ordinary high death rates; instead there is a 
relatively small number of children in the necropoles (e.g. 16.2% children and iuvenils in the necropole 
of Stettfeld (Wahl, J., and Kokabi, M. (1988); esp. 92 f.) or 27.9 % in Neuburg (Keller, K. (1979), esp. 
75 f.)); various aspects could be the reason for that, for example, bad conservation of the small bones 
could have left only a small amount of bodies. But it is also possible that the child death rate could have 
been low in Roman times. 
Because normally it is possible to locate the burial wholes even so the bones are gone, the last-
mentioned explanation is preferred: e.g. Wahl, J., and Kokabi, M. (1988), esp. 93 f.: note that longer 
lactation, which was perhaps practiced, result in a reduced conception frequency, which would– same 
population development implicated – mean a lower child death rate than presumed. 
33 The age distribution of adults (adult/mature/senile) shows that the percentage of ‘seniles’ (60 and 
over) is very small (2.5 %), while most adults died in the age groups ‚adult’ (age 20 – 40: 52.7 %) and 
‚mature’ (age 40-60: 47.3 %). 
Among men there is no big difference between the percentage of adult (44.2%) and mature skeletons 
(42%). Most of the deceased women - 52.5 % - were adult (age 25-40, for the calculation of mean 
height we only used the population of 25 years an older to be sure that they had been fully-grown. But 
in general the persons of 20 to 25 years also belong to the age group ‘adult’). Only 35.8 % of the 
females died in mature age. If the skeletons were representative, this would imply more women died at 
younger ages; this could be explained by a high amount of females, which died in childbed. But we 
have to recognize that the data include 120 women and 155 men. 
34 They are mainly senile and therefore push the average age up. 
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population of nearly 44 years35. Men had a slightly higher age at death than women: 

their age at death was 2.8 years higher.  

There was a small decrease of the average age at death between the early first 

and early third century. Within the third century, age at death increased dramatically, 

but this might have caused by selection, as we have very few cases for the third 

century36. Afterwards there was a strong decline of the average age at death of the 

population (values for females and males run parallel to each other) from the late third 

century to the late 4th century. 

 
 
4. Explanations for the trends of height and age at death  
 

Overall, the trends of age at death reinforce the height trend of a secular downward 

movement. Is it possible to explain this decline 37 by economic factors? Military 

conflicts occurred too late to cause the economic decline. The long period of peace in 

the Roman northwestern provinces was not substantially disturbed before the wars 

with the Markoman’s in the late second century, in the Rhineland even later. 

It is interesting that heights did not decline during the 4th century as strongly as 

we would have expected: Based on the archaeological state of research, we would 

have expected an increase in the second and third century, and a catastrophic decline 

during the fourth century. Most archaeologists would argue that the Romans had a 

more advanced agriculture38, which they introduced in the provinces39. Due to the 

invasions of Germanic tribes, most farms were given up. 

In Roman times the permanent sedentariness of the population made it 

                                                           
35 The individuals with the highest average age at death originate from the 3rd century AD, but they are 
represented by a number of cases, which is to small for comparison. The distribution of the number of 
cases/individuals from the 1St, 2nd and 4th century AD makes a comparison possible. 
36 In the second century women died younger at an age of 37 years. 
37 Except for the decline in comparison to the early first century AD, the mean height of around 100 AD 
is lower than the height around 150 AD, as well. 
38 see e.g. Schwarz, I. (1995); Teuteberg, J. (1992); Willerding, U. (1996); Küster, H.-J. (1992); Küster, 
H.-J. (1994). 
39 Without blind replacement of the achievements of the former resident population: As in the 
preoccupational time spelt and barely continued to be the most important types of grain in many regions 
during the Roman time also. Furthermore, rye was imported to the provinces in south and western 
Germany from the region of the Germanic tribes. Romans newly introduced wheat in Central Europe. 
This cultivated plant, which is especially profitable but difficult to store, was only cultivated in Gaul 
and the Italian motherland before the expansion of the Roman Empire. Roman layers contain a higher 
percentage of grain pollens than the earlier or later periods; this indicates more extensive agricultural 
activities in the Roman period. 
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possible to cultivate special seedlings; it is characteristic for the stock of Roman 

cultivated plants that new spices, fruits and wine where cultivated in the provinces 

since the 2nd century. The keeping of domestic cattle saw some minor innovations, as 

well. Palaeozoologists found that after the provinces were founded measures were 

introduced in the ‘new’ Roman regions to breed larger horses, cattle, and poultry; the 

aim was to increase the output of meat production in particular40. It is interesting that 

studies of animal bones from contemporaneous settlements in Germania libera 

showed that the improvements in livestock farming did hardly extend beyond the 

Imperium Romanum41. So with the decline of the Roman empire the first period of 

“bloom of livestock farming” ended in the Roman-provincial regions: Important 

improvements for livestock farming got lost for a while42.  

During the fourth century female and male heights and ages at death also 

follow a parallel downward trend; possible explanation is the structural change caused 

by military invasions. People flew into walled settlements and the infrastructure was 

destroyed. Less food and probably increased risk of infection was the result. The 

disintegration of the former economic structure – which occurred because of the 

collapse of the markets – may have a negative impact. On the other hand the influx of 

the Alamanni perhaps could have influenced the protein consumption positively, as 

Germanic tribes are said to consume more protein rich food43. 

This view by palaeozoologists and archaeologists has been questioned by 

historians of technology and economic historians44. They saw little progress in 

agriculture during Roman times. Larger animals are not necessarily more productive. 

Many new plants were cultivated, but the efficiency in Central European climate is 

questionable. The shrinkage of cattle and chicken during the Medieval Ages could 

also be influenced by the unfavourable climatic situation45 (see below). 

A potential explanation of the reduction of height and age could  be the 

Komlosian model of increasing market integration due to the formation of the 

                                                           
40 Peters, J. (2000), esp. 183. 
41 v.d. Driesch, A., et.al. (1992). 
42 Peters, J. (1998). 
43 See for example: Tacitus and Plinius wrote that milk was basic food of the autochthon population 
(Tac. Germ. 23; Plin. nat. VIII 179). 
44 For example: Mokyr, J. (1990): Not as many innovations were made during Roman times as it would 
had been possible. Only at the end of the Roman Empire the rate of technological improvements 
increased. 
45 Peters, J. (2000), esp. 187. 
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provinces. It could be possible, that similar processes were at work during the 

occupation as Komlos found for the eighteenth-century Habsburg Monarchy46: the 

increasing trade and economic integration of different regions into the Imperium 

Romanum perhaps had a negative impact on the quality of nutrition there. The 

integration process decreased the costs of transactions and transport. The producers 

sold a higher percentage of their high-quality food to the urban population and the 

military, and they might have given somewhat less protein to their children and 

especially their servants’ children. 

Furthermore climate certainly is an important parameter for the decreasing 

quality of nutrition, because it has an immediate impact on the agricultural production. 

During the first to the end of the third century Central Europeans benefited from a 

warm period: The average temperatures had been cooler during the time before47. 

During the fourth century the temperatures decreased strongly in all of Europe. 

Presumably with the beginning of volcano activity the warm period ended. For the 

18th century Baten found48 a negative influence of cold winters on the harvest and 

protein production. Food supply and nutritional status declined already, if temperature 

decreased by less than 1°C. An adaptation of agricultural production methods was 

only possible to a small extent in pre -industrial times49. So we would expect the 

negative influence on the quality of nutrition. 

Overall, the general stagnation or decline of heights might support a critical 

view of Roman agricultural technology, but there could be offsetting forces as well 

(see above). 

 
 
5. Regional differences and development of height within re gions 
 

Due to our small number of cases, we aggregated the men and women for the regional 

comparison; we added the mean difference of 10.6 cm to each female height. 

Otherwise the small number of cases would increase the probability of error. This 

procedure can be justified by the similar trends of height and age.  

                                                           
46 Komlos, J. (1989) and (1994). 
47 Patzelt, G. (1994); Galloway, P. (1986); Heide, A. (1997), esp. 137. 
48 Baten, J. (2002). 
49 Appleby, A. (1980). 
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We find that the average population of the ‘Rhineland’ was taller50 than their 

fellows in Raetia in the first century and in the second century. In the 1st century there 

was only a small difference between the mean heights. In the 2nd century mean heights 

were lower, but they recovered slightly from the first to the second half of the century 

quite parallel in both regions. But in the fourth century the situation changed: the 

Raetians were taller than the ‘Rhinelanders’ in the first half of the century (see Figure 

5). The Raetian mean height decreased again during the late fourth century – 

interestingly, the value did not sink under the level of the second century.  

Probably the situation of the first and second centuries might have been the 

result of the better economic conditions in the Rhenish provinces51. But during the 

fourth century again both men and women became taller in the Raetian region. This is 

astonishing, because we would think that the living conditions were bad there as well, 

because the inconvenient military events dominated everywhere in the northern 

provinces of the Roman Empire (see above). The reason for the increased mean height 

in Raetia in the early fourth century perhaps could be the result of a higher share of 

immigrated Alamannic settlers, whose agriculture was focused on cattle and whose 

diet was richer in protein. These results were not caused by a few influential cases (see 

Figure 4). It is interesting that the variation of heights increased in Rhineland of the 

fourth century: some settlements might not have experienced a strong decline. 

 
 
6. The long-run comparison: Roman and nineteenth century heights 
 
The mean height of the Romano-provincial population, both of men and women, was 

astonishingly high: During the Roman empire the average height of men was ca. 169.4 

cm and the height of women 158.5 cm. How does this compare with heights of the 

last two centuries? 

We compare data of nineteenth century Bavarian men and women, because 

many of the observations we collected originate from this region. In nineteenth-

century Bavaria women reached an average height of ca. 157.2 cm, and men ca. 166.8 

                                                           
50 Based on the non-aggregated heights we found that the tallest women were those of first-century 
Rhineland with an average height of 159 cm. The largest male mean height was also measured in the 
late first-century Rhineland (171.2 cm). 
51 Another reason could be that different specializations of agriculture, which perhaps had an impact on 
the quality of nutrition in the different regions. 
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cm52. The Romano-provincial population in the Bavarian region was on average about 

2 cm taller than the population in the nineteenth century. 

 
 
7. Comparison of heights of the Imperial Roman West and East 
 
And how does the data of the Rhenish and Raetian Roman provinces in the West 

compare with contemporaneous heights of the eastern part of the empire? J. Angel53 

found that Greek men of the Roman period attained a mean height of 169.2 cm, while 

women were 158.0 cm tall on average (AD 120 – 600). There was not much 

difference in height between those two parts of the Imperium Romanum (see Figure 

6). 

 
 
8. Gender differences 
 
During all periods of human history men were taller than women: in our sample the 

sexual dimorphism was around 6.7% or ca. 10 to 11 cm on average. Even by modern 

standards this difference is quite small: Nowadays the difference between the sexes is 

higher (7.7 % or ca. 13 cm)54. An explanation for the larger dimorphism today could 

be that the differences in height between males and females increase proportional to 

increasing height. But this is no plausible explanation for the dimorphism differences 

within the ancient world, because the level of heights did not change so much. 

If we compare dimorphism in the first, second and fourth centuries, we find 

that the difference in height became smaller from the first to the second century (see 

Table 2: from 6.9% to 6.3%). In the fourth century the difference became larger again 

(6.9 %). Does this mean that women were less discriminated in the second, most 

‘Roman’ century? The dimorphism moves in a similar direction as in the data that 

Angel55 analysed for women in the East (in Greece and Greek Asia) between Classic 

(659-300 BC) and Roman times (120 BC - 600 AD) (see Figure 6). He found that 

male heights declined from 170.5 to 169.2, while female heights increased between 

the pre-Roman and Roman period from 156.2 to 158.0. Classical Greek men enjoyed 

44.1 years of length of life, but Greek men during the Roman Empire only 38.8 years. 

                                                           
52 See e.g. Baten, J., and Murray (2000). 
53 Angel, J. (1984). 
54 see WHO (1983), esp. 68 and 74. 
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In contrast, the decline of female length of life was much milder: From 36.8 to 34.2 

years. In other Greek regions, there was a 3.1 year decline for women and only a 1.1 

year decline for men. Furthermore Angel found that between Roman and Medieval 

times, the relative position of women appears to have deteriorated again. 

The comparison with the population of other ancient periods56 in Greece 

confirms that during the Roman period the difference in height between the genders 

was very small (see Figure 7). Men of Roman Greece were shorter than in the Pre-

Roman and later periods (the latter difference is small though) (see Figure 6). 

Why did Women in Roman times relatively well? Several hypotheses have 

been suggested to explain movements of dimorphism57: 

(1) Women power: Female bodies are less vulnerable in adverse situations of 

malnutrition and epidemics. 

(2) Discrimination: Perhaps the positive result can be explained by the fact that the 

situation of women was quite favourable in Roman society58. In adverse periods, 

women (and especially daughters) are discriminated more than they normally are. 

Earning expectations have been higher in most societies for male descendants, and 

redistribution in favour of sons might become particularly strong in high mortality and 

low income periods. Especially in the Roman period that was characterised by a 

relatively small number of militar y conflicts, the expected earnings of and the 

expected security from sons might have been lower. Men tend to have a comparative 

advantage in receiving income from military activities, and this advantage was very 

valid in the preceding and following epoch. 

We think that hypothesis 1 is less likely, because dimorphism should have 

decreased in Rhineland/Raetia in the adverse 4th century, but it did not. We admit that 

our argument rests on few observations. More work has to be done in this field. 

 

                                                                                                                                                                      
55 Angel, J. (1984), p. 55. 
56 Angels’ Classic (ca. 650-300 BC), Hellenistic (ca. 300 BC – 120 AD), Imperial Roman (120 – 600 
AD), Medieval Greece and Byzantine Constantinople (-1400 AD). 
57 e.g. Baten, J., and Murray, J. (2000).  
58 See Gardner, J. (1986); Fantham, E. (1994). 
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9. Conclusion 
 

This study was based on a relatively small dataset, we will continue this research with 

more voluminous data to test the validity of the findings. The current findings are 

already interesting, however: 

We have used anthropometric variation to measure nutritional status, one of 

the important components of the standard of living, in the Rhenish and Raetian 

provinces of the Roman Empire in the 1st to the 4 th century AD. The provincial-

Roman population was remarkably tall, even taller than the nineteenth cen tury 

population. The population of the ‘Rhineland’ which belonged to the  Germania 

provinces seems slightly better nourished than the people of Raetia in the first two 

centuries, but in the fourth century Raetians were taller. 

The most important result was that the quality of nutrition seems to have 

decreased gradually over time; in the fourth century mean heights were much smaller 

than during the earlier centuries. The trend in height was in general confirmed by age 

at death development. Male and female height and length of life data moved in similar 

directions. Contrary to current views of archaeological orthodoxy, Roman agricultural 

technology was apparently not able to provide a protein -rich diet to the larger 

population of the second century. This result might have been influenced by migration 

and consumption preferences, which we have to control in further research. 

Another very interesting finding is that nutritional gender inequality was quite low in 

Roman times, especially in the century of highest integration, the second century: 

women did quite well relative to men. A comparison with pre-Roman, Roman and 

post-Roman data on Greece confirmed this result. 
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Figure 1: Map of the Roman Empire and the provinces Germania inferior, 
Germania superior and Raetia  
 

 
Detailed map: Bechert, T. (1999), esp. 196. – Map of the Roman Empire: Fischer, T. (1999), esp. 6. 
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Figure 2: Trend of height and age at death of women 
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Figure 3: Trends of height and age at death of men 
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Figure 4: variation of mean height of the whole population in Raetia and the 
‘Rhineland’ in comparison 
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Figure 5: regional differences of height of the whole population 
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Figure 6: trend of heights: Raetia, Rhineland and Greece in comparison 
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Figure 7: gender inequality 
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Table 1: number of observations for the study of height in comparison to the 
study of the age at death 
 

 
gender 

birth year  
(half century) 

 
N-age 

 

 
N-height 

 
0 6  -- 

50 15 15 
100 38 38 
150 36 36 
200 -- -- 
250 3 -- 
300 14 14 

female 

350 8 -- 
0 10 8 

50 9 9 
100 23 22 
150 33 31 
200 4 -- 
250 4 -- 
300 47 47 

male 

350 25 25 
 
 Total population 
 1st  c.  40 32 
 2nd c.  130 127 
 3rd c.  11 -- 
 4th  c.  94 86 

 
 
 
 
 

Table 2: gender inequality 

 

Time gender difference 
in height (in cm) 

percentage of the 
height difference 

1st century 11,4 6,9% 
2nd century 10,4 6,3% 
3rd century -- -- 
4th century 11,2 6,9% 

 
today 13,1 7,7% 
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