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Appetizer: preface and acknowledgements

The papers in this volume arose from two complementary sessions that were organised as part 
of the Theoretical Roman Archaeology (TRAC) conference held at University College London 
in March 2007: Feeding the Roman army: the archaeology of supply chains and provisioning 
networks (Richard Thomas) and Food for thought: economics, natural resources and the Roman 
military organisation (Sue Stallibrass).
 The sessions had two interdependent aims. Firstly, they sought to draw together a growing 
body of new archaeological evidence in an attempt to reconsider the ways in which the Roman 
military organisation was provisioned with food and other natural resources (e.g. timber, 
traction and textiles), and how the production and procurement of these resources varied over 
time and according to circumstance (e.g. locality, the nature of military activity, producer/
consumer identities). Secondly, these sessions sought to encourage explicit hypothesis testing in 
preference to routine analysis and interpretation, at the same time bringing together the multiple 
methodological and theoretical approaches of a variety of archaeological sub-disciplines to 
encourage inter-disciplinary dialogue.
 One of the principal areas of research evident from the conference sessions was the way in 
which food was produced, procured and supplied to the Roman army, and it is this theme that is 
developed within this volume. It should be noted from the outset that this volume does not intend 
to be exhaustive in its coverage of these topics. Rather, it seeks to present a range of new evidence, 
consider different theoretical and methodological approaches and make suggestions regarding 
the possible directions of future research and improved modes of working. Consequently, this 
volume largely concentrates on animal husbandry, arable farming and food, particularly the 
north-west European staples of cereals and domestic mammals; however, several of the papers 
do touch upon other aspects of natural resources required by the Roman army: luxuries, non-
edible raw materials and animals for transport. While we are aware that there are key aspects 
of food provisioning that have not been explored within the volume, such as drink (e.g. water, 
beer and wine), we hope that this series of studies will provide a platform from which future 
research can build.
 In preparing this volume there are many people to whom we are indebted. Firstly we 
would like to thank our contributors, not only for their interesting research and engaging in 
stimulating discussion during the conference and subsequently, but also for adhering to a 
very tight submission schedule! We would like to extend our immense gratitude to the two 
reviewers Hilary Cool (Barbican Research Associates, UK) and Roel Lauwerier (Rijksdienst 
voor Archeologie, Cultuurlandschap en Monumenten, The Netherlands) for all their considered 
input. Finally, thanks to Oxbow Books, particularly Tara Evans and Clare Litt, for agreeing to 
publish the proceedings and all their help in producing this volume.

Richard and Sue (December 2007)





Introduction
The large presence of the Roman army in the military camps along the Rhine in The Netherlands 
had direct consequences on agricultural production in rural settlements in the area adjacent to 
the frontier. The eastern part of this area, a dynamic river landscape with extensive flood basins 
and traditional byre-houses, will be the focus of this paper. Towns were rare here: Nijmegen 
was the only town of any significance. The only canabae was situated adjacent to the military 
fortress in Nijmegen, while vici were rare. Thus, the majority of the population that was not 
directly involved in agriculture consisted of soldiers. The soldiers stationed along the Roman 
frontier represented many more mouths to feed. The question is where this food came from. 
The available land that was suitable for arable agriculture in the Dutch River Area imposed 
limitations on the amount of crops that could be grown. Nevertheless, there are signs that a 
surplus was produced, consisting of both crops and animal products (Groot et al. in prep.). This 
paper will discuss what animal products were produced as a surplus by local communities in 
the Dutch River Area, and establish whether any changes can be observed during the Roman 
period. The focus will be on one rural community: Tiel-Passewaaij (Fig. 6.1). The analysis of 
the animal bones from this site is used to answer the main questions. 

The Roman period in the Dutch River Area
The first contact between the rural communities in the Dutch River Area and the Romans 
occurred when Caesar reached these parts on his military campaigns around the middle of the 
first century B.C. After the tribe of the Eburones had been decimated by Caesar as a punishment 
for their rebellious actions, the Batavians moved to the, by then, almost uninhabited part of 
the Rhine/Meuse delta (Roymans 2004: 23–24). The core area of the Batavians coincided with 
the administrative unit of the civitas Batavorum and is now known as the Dutch River Area. 
During the reign of Augustus, military sites were built along the Rhine as operating bases for 
the planned conquest of Germania (Bechert and Willems 1995: 24–25). Attempts to conquer 
Germania were abandoned by Tiberius in A.D. 16–17, after which the Rhine became a permanent 
border. The Roman limes consisted of a line of forts and fortresses along the southern bank of 
the Rhine, connected by a road. Between A.D. 71 and A.D. 102/104, the X Legion was quartered 
in Nijmegen. A special treaty existed between the Romans and Batavians, which exempted the 
Batavians from regular taxes. However, they were expected to supply large numbers of recruits 
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for auxiliary units as well as for the Imperial Guard. Around 5,000 Batavian men served in the 
Roman army at any time during the first and second centuries A.D. 
 A long period of stability and peace ended in the second half of the third century A.D.; from 
this time onwards, Germanic tribes regularly crossed the frontier and raided settlements in Roman 
territory (Hiddink 1999: 186–188). Roman soldiers were regularly withdrawn from the Rhine 
to sort out internal problems, leaving the limes undefended, which presented an opportunity for 
more Germanic people to move in (Van Es 1981: 51). The tribes mingled with the remaining 
Batavians and formed a new ethnic group (Willems 1990: 435). Again and again, the border 
was re-established by the Roman authorities, until massive raids took place in A.D. 406. This 
year is seen as the end of the Roman period in the Netherlands (Van Es 1981: 58).
 There were very few towns or urban centres in the Roman Netherlands. The most important 
one in the Dutch River Area was the capital of the civitas Batavorum in modern Nijmegen. The 
settlement of Oppidum Batavorum was founded at the beginning of the first century A.D. The 
Batavian revolt of A.D. 69–70 halted further development when the town was burned to the 
ground; however, a new civilian settlement was built about 1500 metres to the west of Oppidum 
Batavorum (Van Enckevort and Thijssen 2003: 65). The town soon thrived, partly due to the 
presence of the X Legion in the nearby fortress (Willems 1990: 41). Under Trajan, the town 
received municipal status, market rights and a new name: Ulpia Noviomagus Batavorum. The 
town was finally abandoned around 265 A.D. (Van Enckevort and Thijssen 2003: 71). From 
the early first century onwards, Nijmegen must have been an important market place for the 
surrounding region. 

Figure 6.1: The central part of the Netherlands illustrating the location of Tiel-Passewaaij and the Roman 
military forts along the Rhine (after Willems 1986: fig. 6).
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 The rural temples in the Dutch River Area: Empel, Elst and Kessel, are all successors of late 
Iron Age sanctuaries (Roymans 2004: 12–13). Temples would not just have been focal points for 
religious activities, but also housed markets (Van Es 1981: 194), with sacrificial animals being 
supplied from the surrounding villages. The temples stopped functioning as sanctuaries in the 
early third century A.D. While rural settlements do show a development in layout and construction 
during the Roman period, they do not really change in character. Moreover, although temples 
and towns were built in a Roman style and people started to adopt Latin names, most Batavians 
continued living under one roof with their livestock in traditional byre-houses (Roymans 2004: 
252–253).

Military and urban food supply in the Dutch River Area
Dutch Roman archaeologists have traditionally had a negative image of the Dutch River Area 
as a food production region due to the nature of the landscape (Van Driel-Murray 2003: 205). 
In the Roman period, the landscape of the Dutch River Area was heavily influenced by fluvial 
activity. 
 The characteristic elements of the river landscape were active rivers and their natural levees, 
flood basins and fossil stream ridges. Rivers regularly flooded the extensive, low-lying flood 
basins in winter. Nevertheless, these fertile plains offered rich pasture for livestock. Although the 
area seems less suitable for sheep because of the connection between damp grassland and liver 
fluke and foot rot, this does not seem to have been a major problem in the Dutch River Area: 
some settlements show high percentages of sheep. The higher fossil stream ridges and natural 
levees of rivers were less susceptible to flooding and therefore suitable for arable agriculture; 
however, these higher areas were relatively restricted. Pollen and wood analysis leads to the 
conclusion that the naturally occurring forests on the drier stream ridges had disappeared in the 
Roman period (Kooistra 1996: 49–50). Evidence for trees from damp to wet habitats is found, 
which suggests that trees mainly grew in the flood basins and on the low-lying areas of the 
stream ridges. The higher areas were probably deforested for arable agriculture. 
 It was previously assumed that cereals were imported from a fertile region to the south, 
ranging from Northern France in the west to the southeastern part of The Netherlands in the 
east (Bloemers 1983; Willems 1986) but Dütting et al. (this volume) demonstrate that some 
intensification of cereal production was achieved in parts of the region following the invasion 
of the Roman army. At least part of the meat needed by the army is believed to have been 
acquired locally. Indeed, for the last twenty years, archaeologists have assumed a strong pastoral 
component in rural settlements in the Dutch River Area, resulting mainly from ideas of what 
the local landscape could support (Roymans 1996: 76–84; Willems 1986). 
 While the available land that was suitable for arable agriculture in the Dutch River Area 
imposed limitations on the amount of crops that could be grown, the extensive flood basins 
made up for this by offering plentiful grazing for livestock. Parts of the flood basins would have 
become inundated during winter, but by collecting fodder and keeping hardy types of animal, 
herds could easily survive the winters. 
 Lauwerier (1988) was the first to undertake a comprehensive zooarchaeological study of 
the Dutch River Area in the Roman period. One of the many research questions he intended to 
answer was related to the origins of the animals consumed by the army. Although one of the 
strengths of Lauwerier’s study was the inclusion of different types of sites, the samples from 
some of these were very small. Since then, a wealth of new zooarchaeological data has been 
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published, mainly for rural settlements. Kooistra intended to gain insight into the possibility of 
the production of an agrarian surplus in the Dutch River Area, but like Lauwerier, encountered a 
lack of data from large-scale excavations in the area (Kooistra 1996: 70–73). Kooistra assumed 
that the production of a surplus was limited both by the landscape and the rural population size. 
When the population density was relatively low, in the first century A.D., a surplus of both 
cereals and animals could be produced, but when the rural population increased in the second 
century A.D., all the cereals produced were needed to feed this growing population. Roymans 
concluded that intensification in agriculture occurred in cattle and horse breeding, in reaction 
to demand from the Roman market (Roymans 1996: 82–83).
 In recent years, the production-consumption issue has received further attention in 
zooarchaeological studies of the region. For example, Robeerst (2004) focused on the increased 
withers height of cattle that she believed reflects intensification in beef production while Filean 
(2006, this volume) investigated whether or not the cattle-based agriculture in the Eastern Dutch 
River Area was a specialised economy. The latter study included data from rural, military and 
urban sites; no evidence was found for the specialised production and distribution of cattle. 
 Little is known about the development of surplus production of animal products during the 
Roman period, the quantities that were produced, or the way in which production was organised. 
This paper will focus on the first question. The study of changes in surplus production over 
time requires the analysis of assemblages from sites with a detailed chronology, such as Tiel-
Passewaaij. 

The study site
In the Dutch River Area, small rural settlements were the main type of habitation; apart from 
Nijmegen, towns were absent and villas were rare. These settlements were basically agrarian, with 
crafts and industry not exceeding local importance. Dwellings consisted mostly of traditional byre-
houses, in which people and cattle lived under one roof. In Tiel-Passewaaij, two rural settlements 
were excavated: Oude Tielseweg and Passewaaijse Hogeweg. Both were typical rural settlements 
for this region, with several byre-houses existing simultaneously. Passewaaijse Hogeweg was 
the larger settlement, and in contrast to Oude Tielseweg, was inhabited continuously from the 
late Iron Age to the late Roman period. The proximity of the two sites, as well as the fact that 
Oude Tielseweg only consisted of one byre-house, means that Oude Tielseweg may represent an 
outlying farm belonging to Passewaaijse Hogeweg rather than a separate settlement. During the 
excavation of the two sites, a total of nearly 30,000 animal bones was collected and analysed. 
The detailed chronology, continuous habitation, large faunal assemblage and excellent bone 
preservation mean that Passewaaijse Hogeweg is particularly well suited to answer questions 
relating to the production of animal products for a market. Table 6.1 presents the chronology 
of Passewaaijse Hogeweg, the number of byre-houses that were inhabited at any time, and the 
main developments in the area with regard to the military and urban population. Since these 
were the potential markets for any surplus produced in Tiel-Passewaaij, changes in the size of 
the population would affect the quantities of food that were needed. 

Identifying surplus production
Before attempting to identify surplus production of animal products, it is necessary to know how 
surplus production can be recognised archaeologically. A methodological problem is caused by 
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the most likely form of transport for meat: living animals. Consequently, the direct evidence for 
surplus production is removed from the production site. Literary sources on the production and 
consumption of animal products are rare, especially for The Netherlands, but we are lucky to 
have one deed of purchase for a cow (Slob 1998). Iconography and epigraphy sometimes provide 
information on the production of and trade in animal products; a grave monument, for instance, 
revealed valuable details of the textile industry in the Trier region (Drinkwater 1978). 
 Identifying surplus production based on the quantification of animal bone data is very 
challenging. One approach is to study changes in the withers height of animals, assuming that 
market demands influenced animal body size (Robeerst 2004). Another approach is to study 
skeletal element representation; however, this will only be useful if animals were sold as dressed 
carcasses with the primary slaughter waste, such as the lower limbs, remaining at the production 
site, and the meat-rich bones being deposited at the consumption site. If animals were sold and 
moved as living animals, the whole skeleton would be deposited at the consumption site, and 
it would be impossible to distinguish between local and non-local production. This paper will 
therefore focus on major changes in animal husbandry using species composition and mortality 
profiles. 
 These two facets should make clear any significant changes in animal husbandry that occurred. 
Species composition reflects the relative contributions of different species to the economy and 
any changes in composition imply that either the relative values or the roles of some species 
changed. It is important to point out, however, that changes in species composition need not 
represent changes in absolute numbers of livestock. Since slaughter ages are determined by the 
products animals were exploited for, it follows that significant changes in mortality profiles 
usually reflect a change in animal husbandry strategies, i.e. an emphasis on a different product. 
These changes will be interpreted as a possible response to market demand stimulated by the 
presence of the Roman army. 
 Of course, the division between production and consumption sites is an artificial one and presents 

Table 6.1: Chronology of Tiel-Passewaaijse Hogeweg and the main developments in the settlement and 
the Dutch River Area.

Phase Date Tiel-Passewaaij Dutch River Area 
1 450–175 B.C. Rural settlement with 

unknown number of 
byre-houses 

Similar sites in vicinity; 
no urban population 

2 50 B.C. 
   –A.D. 50 

Rural settlement with 
three byre-houses 

Start of Roman occupation; 
establishment of several forts along Rhine; small 
urban centre in Oppidum Batavorum.  

3 A.D. 50–140 Rural settlement with 
five byre-houses 

Roman legionary fortress established at Nijmegen;  
Legion is withdrawn in A.D. 102/104; more forts 
established along Rhine; Oppidum Batavodorum 
burned down in A.D. 69, but replaced by Ulpia 
Noviomagus.

4 A.D. 140–220 Rural settlement with 
three byre-houses 

Military population declines; 
urban population stable (?). 

5–6 A.D. 210–270 Rural settlement with 
one byre-house 

Military and urban populations decline (?); Ulpia
Noviomagus abandoned in A.D. 265. 

7 A.D. 270–350 Rural settlement with 
one byre-house 

Limes periodically left undefended; Germanic 
raids; no urban population. 
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a simplified picture of reality. Rural 
communities were consumers as well 
as producers, with surplus production 
probably forming only a small part of the 
total production. It is also possible that 
soldiers and urban inhabitants produced 
some of their own food, and that some of 
the supplies were acquired from outside 
the Dutch River Area. The assumption 
that a surplus was produced locally 
is based on the presence of imported 
goods in rural settlements; these goods 
must have been bought or exchanged 
for other products. Either way, surplus 
production is necessary. However, 
this may not always have resulted in 
drastic changes in animal husbandry. 
If rural settlements only intensified 
production, without specialising on 
certain products or age categories, 
then no changes in animal husbandry 
would be visible zooarchaeologically. 
Systematically removing part of the 
animal population, however, as would 
happen when cattle were produced for 
a market and sold on the hoof, would 
result in an under-representation of 
certain age categories. 

Faunal analysis from Tiel-Passewaaij
The evidence from Tiel-Passewaaij shows both changes in species composition and mortality 
profiles. The main changes in species composition during the Roman period are a decrease in the 
proportion of sheep bone fragments and an increase in the proportion of horse fragments, taking 
place mainly during the second century A.D. but starting in the late first century (Fig. 6.2). In 
many respects, the early Roman settlements in the Dutch River Area were not very different from 
those in the late Iron Age. The late Iron Age communities in this area, including Tiel-Passewaaij, 
were mostly subsistence economies. Animal husbandry was mainly geared towards cattle and 
sheep. These two species account for 80% of animal bone fragments in Tiel-Passewaaij (Fig. 
6.2). Pig and horse are found in smaller proportions. Pig provided additional meat, and horse 
was used for transport and sometimes also for food. Dairy products seem to have made an 
important contribution to daily food. Mortality profiles show evidence for the killing of young 
calves, which is usually interpreted as an indication of exploitation for milk. The slaughter peak 

Figure 6.2: Species composition in Tiel-Passewaaij 
(Passewaaijse Hogeweg) from the late Iron Age to the late 
Roman period.
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of sheep between six and 12 months could also indicate milking; in this case, lambs were kept 
alive until their mothers’ milk production stopped, and then slaughtered for their meat. While a 
surplus may have been produced, this was not intended for a market but exchanged in networks 
between different settlements and tribes, sometimes covering large distances; the main difference 
with the Roman period is that almost everyone produced their own food. 
 In the earliest part of the Roman period, the first half of the first century A.D. (phase two in 
Tiel-Passewaaij), the main change in species composition compared to the late Iron Age is an 
increase in the relative proportion of sheep fragments (from 30 to 44%) and a decline in cattle 
(from 49 to 40%; Fig. 6.2). Sheep and cattle are still the two most important species however. 
Phase three shows no significant changes in species composition: proportions of sheep and cattle 
remain similar to those of the previous phase; the proportion of horse increases slightly. This 
increase in the proportion of horse fragments becomes more pronounced in phase four, when it 
rises from 12 to 23% (Fig. 6.2). The proportion of sheep starts to decline in this phase, and this 
decline continues in phases five-six and seven. The proportion of horse fragments increases even 
further, to 31%, in phase five-six; the proportion of pig bones starts to increase as well in this 
phase, and this trend continues in the final phase, when pig accounts for 22% of all fragments 
(Fig. 6.2). 

Beef production
The continuity in species composition between the late Iron Age and early Roman period would 
suggest that no significant surplus of animals was produced, or at least that animal husbandry 
was similar to that in the late Iron Age. However, it is likely that at least some of the animals 
needed for food for the Roman army were bred in local settlements. In military sites, cattle are 
the most common species and considering their size, provided the majority of meat consumed 
by soldiers (Esser et al. 2004: 6; Van Wijngaarden-Bakker 1970: 274; Verhagen 1988: 109). 
As noted above, studying mortality profiles from complementary sites – both producers and 
consumers – can provide insights into how surplus animals were produced. Unfortunately, age 
data are scarce for military sites, especially for the early Roman period. However, since beef 
remains the dominant type of meat, we would perhaps not expect major changes in production 
strategies. 
 For a slightly later period (last quarter of first century and second century A.D.), we do have 
age data for both urban and military sites in Nijmegen (Filean 2006; Lauwerier 1988). The 
evidence from consumption sites can be compared with that from Tiel-Passewaaij, a production 
site. The data are all based on different ageing methods, so to overcome this problem very broad 
age categories were used. Figure 6.3 demonstrates very clearly that the mortality profiles are very 
similar for the three types of site. If rural settlements were producing beef cattle specifically for 
the Roman market, then we would expect them to sell young animals, which would be the most 
efficient strategy of production. Mortality profiles from Tiel-Passewaaij show that cattle were 
slaughtered for meat at relatively young ages with a peak between 18 and 30 months. If beef 
cattle were raised specifically for the army and towns, then this is the age category we would 
expect to find there. 
 Instead, the animals whose remains are found in military sites reflect the population structure in 
the rural settlements. It looks as if there was no specialised production; surplus animals were taken 
from the existing herds, which were primarily exploited for secondary products such as traction 
and manure in the first place, and only later slaughtered for meat. Although based on just one 
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rural settlement, data from other settlements confirm this conclusion. The absence of a specialised 
beef production system in the Dutch River Area has been confirmed by Filean (2006).
 It is important to realise that methodology can have a large effect on mortality profiles. 
Filean’s results from Nijmegen-Maasplein, based on the quadratic crown height method, show 
a slaughter peak for young adult cattle (Filean 2006: 384–286). These cattle would have been 
fully grown, and in mortality profiles based on epiphyseal fusion they would be regarded as 
adults. Indeed, Filean also published mortality profiles based on epiphyseal fusion, and these 
show that the majority of cattle were killed as adults (Filean 2006: 364–368). The only exception 
is the third-century assemblage from Nijmegen-Maasplein. 
 The non-specialised system of beef production may seem surprising considering the size 
of the market for beef. However, a study of medieval York showed a similar non-specialised 
production system for meat (O’Connor 2000: 163). Most of the cattle and sheep remains found 
in York were from adult animals, implying that the rural settlements, where the animals were 
raised, focused on secondary products such as manure, traction and wool. Only after the animals 
had been used for other purposes for a number of years were they sent off to market. York was 
one of the major cities in England during the medieval period, and yet feeding its inhabitants 
did not require specialised meat production. It would therefore appear that supplying the large 
number of people in Roman army camps and towns in the Dutch River Area with beef also 
required no specialised system.

Figure 6.3: Comparison of mortality profiles for cattle from second century A.D. military, urban and rural 
sites. Military: based on Nijmegen fortress and canabae (Lauwerier 1988; n=381, epiphyseal fusion). 
Urban: based on Nijmegen-Maasplein (Filean 2006; n=37, quadratic crown height). Rural: based on Tiel-
Passewaaij (Passewaaijse Hogeweg; Groot 2007; n=34 for tooth wear; n=129 for epiphyseal fusion).
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Wool production
In the first century A.D., in phases two and three, the proportion of sheep bones in Tiel-Passewaaij 
was at its peak (Fig. 6.2). The mortality profile for phase three shows a change in sheep exploitation 
from the preceding phase (Fig. 6.4; Grant 1982; Payne 1973). In phase two, a slaughter peak 
between six and 12 months reflects an emphasis on milk and meat. The lambs would have reached 
a good size by this age, and their mothers’ milk production would have started to slow down after 
six months. While the lambs were alive, part of the milk that was produced for them could have 
been used for human consumption. In phase three, no such clear slaughter peak is found; sheep 
were killed at older ages. This reflects an emphasis on wool and meat. 
 The increase in the proportion of sheep bones and the change in age distribution suggest 
that the production of wool gained in importance in the second half of the first century A.D. 
Assuming that, in the previous phase, enough wool was already produced to satisfy local 
demands, this increased emphasis on wool suggests that a surplus was produced to meet market 
demand. A similar pattern is found in a number of other rural settlements in the Dutch River 
Area, where high percentages of sheep are common in the first century A.D. (Fig. 6.5). Not all 
rural settlements in the area show high proportions of sheep in this period; a possible explanation 
could be differential specialisation between settlements, perhaps related to differences in the 
landscape. Even small differences in height, for instance, could have a large effect on water 
levels and dampness of the soil.

Figure 6.4: Mortality profiles for sheep in Tiel-Passewaaij (Passewaaijse Hogeweg), phases two (50 B.C. 
– A.D. 50) and three (A.D. 40–140).
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 Even before the arrival of the Roman army in the Dutch River Area, sheep were an 
important part of the local economy. Shifting the focus of production strategies could have 
been accomplished quickly and easily therefore. Tiel-Passewaaij already had a sizable flock of 
sheep and could answer the demand for wool by changing flock management practice. Since 
the proportions of sheep declined after c. A.D. 100, we must assume that the local demand for 
wool had declined by this time. If wool was mainly produced for the army, a decline in wool 
production can possibly be associated with the establishment of new supply lines, or a decline 
in the need for wool. It could even be connected with the withdrawal of the X Legion from 
Nijmegen in A.D. 102/104.

Horse breeding
At the beginning of the second century, the proportion of horse bones increased rapidly in Tiel-
Passewaaij (Fig. 6.2). This is a continuation of a trend that had already started in the second 
half of the first century. Relatively high proportions of horse fragments are found in several 
other settlements in the area in the second century (Fig. 6.6). Since percentages of horse bones 

Figure 6.5: Species composition in early Roman rural settlements in the Dutch River Area with a high 
percentage of sheep fragments. PHW: Tiel-Passewaaij (Passewaaijse Hogeweg; Groot 2007a); �TW: Tiel-PHW: Tiel-Passewaaij (Passewaaijse Hogeweg; Groot 2007a); �TW: Tiel-
Passewaaij (�ude Tielseweg; Groot 2007a); KEST: Kesteren-De Woerd (Zeiler 2001); LR 46: Leidsche 
Rijn 46 (Groot 2007b); H�14: Houten site 14 (Buitenhuis and Halici 2002); DRU: Druten (Lauwerier 
1988); ME6: Tiel-Medel site 6 (Groot 2005); R&�: Rijs en �oijen (Groot 2003).
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in Iron Age sites in the region usually lie below 10% and always below 20%, percentages over 
20% are seen as high for the Roman period (Buitenhuis and Halici 2002: 157; Groot 2007a: 
39–40; Groot in prep. b; Roymans unpubl.; Zeiler 2001: 267; Zeiler 2007: 162).
  It has long been assumed that these high proportions reflect a specialisation in horse breeding, 
connected with the presence of the army. In some settlements, a specialisation in horse breeding 
is already found in the early Roman period (Laarman 1996: 379). The Roman army had a large 
need for horses. Horses were not only used by the cavalry, but also by officers of other army 
units and for transport of people and goods. Hyland stated that horses only lasted in active service 
for about three years (Hyland 1990: 86). With an estimate of the total number of horses serving 
in the army in the province of Germania of 3700–5300, this means that over 1000 horses were 
needed annually to replace those that retired (Bechert and Willems 1995; Bogaers and Rüger 
1974). There is no evidence for a central supply of horses (Davies 1969: 434–435; Johnstone, 
this volume); thus, it seems likely that many of the horses needed were acquired locally. 
 For Tiel-Passewaaij, there is one problem with this horse breeding hypothesis. At a site where 
horses were bred for and sold at market, juvenile horses should be over-represented, either as 
natural deaths or as animals that were culled for not fulfilling the criteria of the Roman army. 

Figure 6.6: Species composition in second century rural settlements in the Dutch River Area with a high 
percentage of horse bones. PHW: Tiel Passewaaij (Passewaaijse Hogeweg; Groot 2007a); WDDH: Wijk 
bij Duurstede-De Horden (Laarman 1996); EW: Ewijk (Lauwerier 1988); MET: Geldermalsen-Hondsgemet 
(Groot in prep. b); WES: �ss-Ussen Westerveld (Lauwerier and IJzereef 1998); H�U8: Houten site 8A 
(De Vries and Laarman 2000); KEST: Kesteren-De Woerd (Zeiler 2001); HUIA: Huissen-Loostraat site 
A (Groot in prep. a).
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However, there is no strong representation of young horses in phase four to six, the phases in 
which the proportion of horse bones is highest (Fig. 6.7). Moreover, a strong representation 
of non-adults is found in phase two to three. At first glance, this seems to contradict the idea 
of horse breeding in the second century. However, the increased percentage of horse bones, 
which undeniably points to an intensification of horse keeping, cannot be overlooked. Perhaps 
our expectations should be adjusted, and our material regarded from a different perspective. 
The animal bone assemblage from Tiel-Passewaaij consists of animal bones found inside the 
settlement, and this has consequences for its composition. 
 No evidence was found for changes in site deposition practices between the late Iron Age 
and early Roman period. In both periods, horse bones are found scattered among other refuse, 
showing traces of both butchery and gnawing. While special animal deposits of horse bones and 
skeletons are only known from the Roman period, their absence for the late Iron Age in Tiel-
Passewaaij is more a result of small sample size and the fact that no large pits or ditches from 
the Iron Age were excavated. For the Roman period, it was not just horses that were used for 
special animal deposits; cattle, sheep and dogs were also found in such contexts (Groot 2007a: 
97–158).
 In the small-scale horse keeping of the early Roman community in Tiel-Passewaaij, the few 
horses owned by the inhabitants could have been kept close to or inside the settlement, where 
they would be available for riding or transport when needed. However, horses kept within 

Figure 6.7: Mortality profile for horses in Tiel-Passewaaij (Passewaaijse Hogeweg) in the Roman 
period.
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Figure 6.8: New Forest ponies are free to roam the forest throughout 
the year.

the settlement, in stables or 
paddocks, needed food which 
meant time spent on growing 
or collecting fodder. The 
number of horses kept in the 
settlement would therefore be 
kept to a minimum. Because 
the horses lived inside the 
settlement, any animals that 
died would have had a good 
chance of ending up in the 
animal bone assemblage. 
 With the intensification 
of horse keeping in phase 
four, it was perhaps no longer 
efficient to keep all horses 
inside the settlement, as this 
would require too much food and space. It would instead have made sense to keep only those 
horses in the settlement that were needed for work or those that were being trained. The main 
herd would stay at pasture away from the settlement. Keeping horses at grazing grounds even 
in relatively close proximity to the site would ensure that any animals dying there would not be 
found in the animal bone assemblage at the settlement site. If we accept that the most efficient 
way of keeping larger numbers of horses is to leave them at pasture year round, then instead 
of finding an over-representation of young horses, young horses should be under-represented. 
This is certainly the case for Tiel-Passewaaij in phases four to six, when compared to the age 
distribution for phases two to three and phase seven.
 The question is of course whether the local landscape could support large numbers of horses. 
I believe the landscape was indeed suitable for extensive horse breeding. The flood basins may 
not have been suitable for growing arable crops, but they offered rich grazing to livestock. 
Modern herds of Konik horses live in a similar environment year round, without requiring 
any extra food. Research shows that reproduction is high and mortality low (Cornelissen and 
Vulink 1996: 62–64; Markerink 2002: 107). The horses bred in Tiel-Passewaaij are not related 
to modern Koniks, but they share similarities in size and probably hardiness. A modern parallel 
for extensive horse keeping can be found in the New Forest (Fig. 6.8).

Conclusion
Surplus production for the Roman army was an important part of animal husbandry in Tiel-
Passewaaij and seems to have focused on cattle for beef, sheep for wool and horses for transport. 
Considering the proximity of Tiel-Passewaaij to the Roman frontier and the scarcity of towns, most 
of the surplus produced must have been destined for the Roman army. Thus, local communities 
played an important role in feeding the Roman army and supplying products such as wool 
and horses. While the demand for several different products entered the region along with the 
Roman army, rural settlements were limited in their response by their existing livestock, their 
expertise and the local landscape. Many of the settlements specialising in wool production were 
already dependent on sheep in the late Iron Age and early first century. On the other hand, those 
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settlements with an early specialisation in horse breeding do not seem to have had a strong 
dependency on sheep. Thus, the development of animal husbandry in rural settlements in the 
Roman period seems to have been reliant to some degree on late Iron Age animal husbandry. 
The Roman conquest did not have any immediate effect on local animal husbandry. Changes in 
animal husbandry only become apparent in the second half of the first century A.D. 
 Relative specialisation in certain products was not stable, but changed during the Roman 
period in many of the settlements, from a specialised wool production in the first century A.D. 
to horse breeding in the second century A.D. The decline in wool production around A.D. 100 
could be due to the establishment of new supply lines, but it may also have been related to the 
withdrawal of the X Legion from Nijmegen in A.D. 102–104. This had a direct influence on 
the number of soldiers stationed in the area, and thus on the demand for wool. While we do not 
know exactly which army units were stationed along the Rhine in any period, it seems unlikely 
that the production of horses in the Dutch River Area was directly related to the presence of 
cavalry units. Cavalry units were small and the infantry probably required almost as many horses 
as the cavalry, for officers and communication. 
 The way in which cattle were supplied to the army in the Dutch River Area needs further 
attention. Cattle formed an important part of Iron Age societies in the area, not just economically 
but symbolically as well. The traditional way of keeping cattle mainly for traction resulted in 
a number of surplus animals. These cattle were valued highly and played an important role in 
exchange systems; they could also be the target of raids (Hiddink 1999: 174–177). After the 
Roman conquest, when a new demand for beef entered the area together with a monetary economy, 
surplus cattle were now traded for money or collected as taxation in kind. Consequently, no 
fundamental changes in the way cattle were raised were necessary. 
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