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Abstract  

Before medieval dike building, the coastal area of the northern Netherlands was a wide, regularly 

inundated salt-marsh area. Despite the dynamic natural conditions, the area was inhabited already in 

the Iron Age. The inhabitants adapted to this marine environment by living on artificial dwelling 

mounds, so-called terps. Terp habitation was a highly successful way of life for over 1500 years, 

and may be re-introduced as a useful strategy for present and future communities in low-lying 

coastal regions that are facing accelerated sea-level rise. This already has been recommended in 

several reports, but detailed knowledge of the technology of terp habitation is usually lacking. The 

aim of this paper is to present nearly two decades of archaeological research in the coastal region of 

the northern Netherlands, in order to inform the current debate on the possibilities of adapting to the 

effects of climate change in low-lying coastal areas. It presents the multi-disciplinary methods of 
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this research and its results, supplying details of terp construction and other strategies such as the 

construction of low summer dikes that are still useful today. The results and discussion of the 

presented research also make it possible to describe the conditions that must be met to make terp 

habitation possible. Terp habitation could have continued, were it not for the considerable 

subsidence of inland areas due to peat reclamation. That made the entire coastal area increasingly 

vulnerable to the sea. In response to this threat, dike building began in the 11th or 12th century, but 

these increasingly higher dikes decreased the water storage capacity and caused impoundment of 

seawater during storm surges. Moreover, accretion through sedimentation was halted from then on. 

Unlike terp habitation, the construction of high dikes therefore cannot be considered a sustainable 

solution for living in low-lying coastal areas in the long term.  

1. Introduction 

Climate change and the associated rising sea level that is foreseen for the near future challenge the 

resilience of communities in low-lying coastal countries. More frequent and higher inundations will 

affect such communities and threaten their continued existence (Wong et al., 2014). Yet, frequently 

flooded coastal areas are attractive for human habitation because of their openness and fertility. 

That was already the case in prehistory, as demonstrated by the habitation history of our research 

area, the coastal region of the Wadden Sea in the northern Netherlands. Despite regular inundations, 

this area was colonized around 650 BC, and it soon became a densely populated region (Bazelmans 

et al., 2012). Prior to medieval dike building, the inhabitants coped with frequent flooding by 

building their houses on artificial dwelling mounds, so-called terps.
1
  

1.1 History of research 

The way of live of these early inhabitants is the subject of terp archaeology. Systematic 

archaeological research in this area started in the early 20th century, especially with the work of 

Albert van Giffen (e.g. 1910, 1936), who had a lively interest in sea-level rise and landscape 

development and their effects on the region’s habitation history. His work set the tone for future 

terp research. In the second part of the 20th century, attention shifted almost entirely to 

archaeobotanical and archaeozoological research, exploring the ways in which humans had 

exploited the natural environment (Knol, 1983; Prummel, 1993; Van Zeist, 1974). A series of 

agricultural experiments in the unprotected salt marsh showed that several crops could successfully 

be grown there (Bottema et al., 1980; Van Zeist et al., 1976; in Germany: Körber-Grohne, 1967).  

Many important insights date from the early phase of research. The terp dwellers had colonized the 

salt marsh area while it was still inundated regularly. They had to deal with a moderate rate of sea-

level rise, estimated by Van Giffen (1933) on the basis of sedimentation rates at ca 3-4 cm per 

century. It became evident that habitation on terps, specifically, made living in this extreme 

landscape possible. An important discovery also was that prehistoric houses were not simple huts, 

as was previously assumed for northwestern Europe, but 3-aisled farmhouses with in-built byres for 

livestock, in addition to living quarters (Van Giffen 1931). The importance of livestock to the 

regional economy was furthermore underwritten by archaeozoological evidence. The later 

agricultural experiments showed that arable farming was also possible in this area. Inferred from 

similarities between excavated terps, early terp archaeology produced a general, though unilateral 

and static reconstruction of terp habitation. The dynamics of coastal habitation and the variety of 

terps, however, were systematically overlooked.  

                                                       
1 Singular terp (Dutch/Frisian), Dutch plural terpen. The English plural terps is used here. 
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Archaeological terp research was rekindled in the 1990’s, when new research questions arose, now 

primarily aimed at socio-political developments in the past. At the same time, the relationship 

between human habitation and the developing landscape became an even more important focal 

point than it was before (Besteman et al., 1999; De Langen 1992; Knol 1993; Taayke 1996). The 

1990’s projects were the incentive to many new research projects and excavations that have been 

carried out since 2000, gradually revealing more and more details of human habitation in this 

coastal fringe before medieval dike building began. These projects cast new light on the adaptive 

strategies of the coastal communities, evidencing that early adaptation not only entailed responding 

to nature-induced challenges, but also intervening pro-actively. The inhabitants thus had a much 

stronger influence on the landscape than was previously realized. Moreover, this renewed academic 

paradigm is contrary to the view that terp habitation equated to simple, static farming communities, 

living isolated lives in a marginal landscape; rather, this region is to be regarded as part of a 

maritime cultural landscape, which offered ample opportunities for interregional social exchange. 

1.2 Geographical distribution 

The terp region sensu stricto is located in the former salt-marsh regions and clay-covered peat 

regions of the northern and (to a lesser extent) western Netherlands, and of north-western Germany 

and southern Denmark (fig. 1). This paper will focus on the northern Netherlands because it 

combines the results of the authors’ research projects in this area. The regional habitation history is 

relatively well-known since it is based on a large dataset, comprising excavation data as well as 

datable finds that were uncovered during large-scale commercial extraction of fertile terp soil in this 

region between c. 1840 and 1940.  

The German and Danish coastal regions and the western Netherlands differ from the above research 

area in various ways. Firstly, these parts of the terp region did not go through a destructive phase of 

commercial quarrying; although this has been beneficial to the preservation of a unique cultural 

heritage, the lack of resultant ‘commercial’ finds means that the habitation history of these regions 

is less well known, as the many undated terps in Figure 1 show. The oldest salt-marsh settlements 

along the German coast were probably only established centuries after those in the northern 

Netherlands, in the 1st rather than the 7th century BC. In Denmark, the salt marshes themselves are 

thought to be a fairly recent development, only allowing the earliest terps here to be raised in the 

late Middle Ages (Bazelmans et al., 2012). Nevertheless, several large-scale excavations have 

shown that terp habitation in this wider Wadden Sea area was highly similar to what is described in 

this article, with respect to physical terp structure, associated material culture and contemporary 

economy (Bantelmann, 1975; Haarnagel 1979). 

Terp habitation in the regions of the western Netherlands occurred only on a small scale; early terps 

in this area did not develop into the large dwelling mounds that we know from the northern coastal 

area. Despite obvious similarities in the Holocene development of the southern North-Sea coastal 

areas, there are considerable differences between underlying geological characteristics of the 

western Netherlands on the one hand, and the northern Netherlands and northwestern Germany on 

the other hand. A large part of the western Netherlands is sheltered by a coastal barrier dune system, 

whereas the more northerly coastal areas of the Netherlands and Germany were an open salt marsh 

landscape, an intertidal area of the Wadden Sea, prior to the large-scale medieval dike building. 

Up until the late-medieval periods, terp habitation continued to be used as an adaptive strategy in 

regularly flooded areas throughout the Low Countries. Early-medieval terps are found in the coastal 
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area of Belgium (Tys, 2002), and late-medieval terps are found in low-lying peat areas as well as 

alluvial flood plains in the Netherlands; they were part of an amphibious culture as Van Dam 

(2012) calls it. There is no evidence of terp habitation, however, in geologically analogous areas in 

the United Kingdom, such as the Fenlands or the Severn estuary (Loveluck and Tys, 2006; Rippon 

2000). 

 

Fig. 1 The Wadden Sea region along the coast of the northern Netherlands, northwestern Germany and southwestern 

Denmark, with in the salt marsh areas thousands of terps, of different ages (dots, see legend). Dates give an indication 

but are not accurate. Map: after Vollmer et al., 2001 © Common Wadden Sea Secretariat. 

 

The Wadden Sea region is not the only part of the world where artificial dwelling mounds were the 

loci of settlement in frequently inundated areas. Raised fields and residential mounds were common 

in inundated parts of pre-Columbian Amazonia. Raised fields also occurred in the coastal swamps 

of Suriname and the Guyanas, during a period of considerable marine influence. At least eight 

residential mounds, built in phases from marine and estuarine clays and identified as terps by Dutch 

researchers, were identified in the coastal area of western Suriname and eastern Guyana. 

Radiocarbon dates are largely from the 1st millennium AD, but habitation may have lasted until 

European times (Rostain 2010; Versteeg 1980; Werkhoven and Versteeg, 1980). 
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Artificial dwelling mounds are also found in other landscapes, for instance when houses are being 

rebuilt over and over again on the same spot for centuries, on the accumulated remains of previous 

houses and waste. Examples are the middle-eastern tells (Wilkinson, 2003), or the raised 

farmhouses and settlements of northern Norway and northern Jutland (byhoje; Martens 2016). The 

platform mounds of native American societies in the south of the USA had ceremonial, public and 

other functions, but do not seem to have been located in inundated areas (Kassabaum, 2018). 

Although there are similarities in their physical structure and overall appearance, the Scandinavian 

and North American dwelling mounds cannot be considered true terps. The term terp only applies 

to dwelling mounds that are intentionally constructed as an adaptive strategy to living in a regularly 

inundated area. 

1.3 Aim 

Over the past few years, the reintroduction of habitation on small or large terps in low-lying coastal 

areas that are facing sea-level rise has been advocated in several publications (e.g. Braakhekke et 

al., 2008; Metz and Van den Heuvel, 2012). Future developing projects that take these 

recommendations at heart might benefit from detailed knowledge of coastal habitation in the past, 

but archaeology and coastal management are separate worlds. Moreover, many of the projects that 

have been carried out in the terp region since 2000 are published only in Dutch. Consequently, this 

research is not easily accessible to an international audience, and rather invisible even to Dutch 

audiences outside the world of archaeology.  

Answering the appeals to the archaeological community made by authors such as Van de Noort 

(2011, 2013) or Rockman (2012), that is to inform current debate on climate change and its 

consequences, this synthesising paper sets out the contribution our research could make. We believe 

that the adaptive pathways of the ancient communities in our research area are of interest to present 

and future coastal communities living in coastal landscapes and facing similar problems to those 

that terp dwellers dealt with in the past.  

This article’s initial aim is to outline the methods and results of our research in the terp region, with 

a focus on the adaptive strategies previously developed to survive, if not flourish in this originally 

extreme natural environment. Some of these strategies were successful, but others produced 

significantly adverse long-term effects. It will subsequently be discussed whether the ancient 

technologies that proved successful, could inspire the building of resilient communities where 

similar environmental situations exist in the present, and what conditions must be met. Of equal 

importance are the conditions that must be met to avoid potential negative outcomes, since the 

mistakes made in the past may be avoided if we accept them as lessons for the future.  

 

2. Methods 

The synthesis that is provided in this paper is based on different types of research, belonging to 

different stages in terp archaeology. Firstly, the large-scale destruction of terps during the period of 

commercial extraction of terp soil produced, as a side-effect, many human-made objects and animal 

bones. These finds, which nowadays form the core collections of the northern Dutch provincial 

museums, not only evidence the technology and economy of the terp dwellers, but also serve to date 

past events, on the basis of their well-studied typological development in combination with 

radiocarbon dating. These finds, originating from over a thousand quarried terps, thus provide a 
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basic framework of the habitation history of the terp region (Knol, 1993; Miedema, 1983; Taayke, 

1996). 

Secondly, academic excavations are a major source of information. Although none of the terps in 

the Netherlands have been excavated in their entirety, even partial excavations have unearthed so 

many finds and soil features that post-excavation analyses and publication require many years and 

staff resources to complete. Illustrative of the scale of such excavations is the one directed by Van 

Giffen in the terp of Ezinge, between 1923 and 1934. This remains the largest terp excavation ever 

undertaken in the Netherlands, even though only ca. 10% of this 5.5 m high terp of 16 ha was 

excavated. Van Giffen published some summarizing articles (Van Giffen 1931, 1936), but never 

came to full publication of what had been recorded in the 22 superimposed excavation levels. Only 

now, with the aid of digital means, full analyis has become feasible (Nieuwhof, 2013, 2014, 2015). 

Ezinge is important for various reasons: the long period of habitation, from 500 BC until the present 

day, and the large number of excavated houses, which make it possible to study the developing lay-

out and history of a terp settlement. For a fuller picture, Ezinge can be compared to the Feddersen 

Wierde in Germany (Haarnagel, 1979), which has been excavated completely (see fig. 1), and was 

shown to have been inhabited from the 1st century BC to the 5th century AD. Because of the high 

demand on resources and time that is associated with excavating even parts of terps, this method is 

usually avoided, except where large infrastructural development render this unavoidable (Dijkstra 

and Nicolay, 2008; Tuinstra et al., 2011).  

 

Fig. 2 Excavation in a terp near the village of Anjum, province of Friesland, in 2006. To the left: the long, cleaned 

escarpment of the terp remainder (on which barley is grown). Plastic is used to cover the section outside working hours, 

to prevent dehydration. Photo © University of Groningen, Groningen Institute of Archaeology. 
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Fig. 3 Palaeogeographical maps, 500 BC, AD 100 and AD 800, with locations mentioned in the text and in captions. 

Two early canals are indicated, but there may be others. 1: Ezinge; 2: Englum;3: Paddepoel; 4: Hogebeintum; 5: 

Leeuwarden; 6: Firdgum; 7: Wijnaldum; 8: Lollum; 9: Wommels. Maps: P.C. Vos and S. de Vries, Deltares. 
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Since the 1990’s, a more efficient type of excavation has become common (Nicolay, 2015). It 

makes use of the escarpements and terp soles (the deepest parts) that often remained after partial 

commercial quarrying of terps. The excavation of these ‘exploitation scars’ provide a quick but 

reliable indication of the site’s general development, without significant loss of surviving 

archaeological remains. Most terp excavations of the last decades have applied this method (Bakker 

and Varwijk, 2016; Nicolay, 2010; Nicolay and De Langen, 2015; Nieuwhof, 2008; Nieuwhof et 

al., 2006; Vos and Varwijk, 2017; Varwijk and De Langen, 2018). Escarpments are easily stripped 

of vegetation with a mechanical excavator, resulting in long sections that reveal the chronology and 

structure of a terp (fig. 2). The terp soles are also easily exposed by mechanical means, showing 

those features that were dug in from above, such as postholes, drainage ditches and water wells. 

This efficient method is always combined with wet screening of soil samples for archaeobotanical 

and archaeo-zoological evidence and systematic metal detection across each excavation level, as 

well as targeted geological and mico-morphological research (Huisman, 2015; Knol and Vos, 2018; 

Nieuwhof and Vos, 2018; Vos, 1999, 2015; Vos and Gerrets, 2005; Vos and Knol, 2015). Natural 

layers under the terp are easily accessible by deepening selected sections of the excavation trenches 

and through coring in a wider area to provide additional information on the settlements’ 

surrounding landscapes. Combined archaeological and geological research have resulted in a 

detailed understanding of the past relationships between these landscapes and local human 

habitation. The spatial relationship has been expressed in a series of palaeo-geographical maps, 

which show the expansion (and localised contraction) of the northern Dutch salt marshes over time, 

which is reflected in the contemporary spread of terps (fig. 3). These maps are regularly updated 

when new excavations provide more details on how this region’s landscape developed.  

The peat and marine, clay-covered peat zones bordering the coastal salt marsh were colonized from 

the Iron Age onwards and again in the High and Late Medieval period, both times through 

populations expanding outwards from the coastal terp region. Similar strategies as were used in the 

salt marshes of the terp region (draining the land with ditches, living on artificial mounds) were 

applied by the colonists of the peat and clay-covered peat areas, albeit with different and unforeseen 

consequences that effected parts of the salt marsh area as well. To investigate the habitation of the 

peat areas, settlements of these colonists (small house terps) have been excavated and contemporary 

reclamations mapped on the basis of historical maps and documentary research, aerial photography 

and Lidar mapping (Actueel Hoogtebestand Nederland) as well as geological investigations 

(Bakker, 2015, 2016; Bakker et al., 2018; Bakker and De Langen, 2017; De Langen, 1992; 2011; 

Nicolay, 2018; Vos and Bakker, 2017). The study of the processes that are associated with medieval 

dike building and habitation history combine excavations with geological and historical research 

(De Langen and Mol, 2016, 2018; Knol, 2013; Nicolay et al., 2018a, b; Vos and Knol, 2013). 

Thirdly, terp archaeology is a form of wetland archaeology, which often demonstrates excellent 

preservation conditions for organic remains in terps (e.g. bone, wood, subfossil seeds and fruits). 

Palaeo-botanical and palaeo-zoological analyses have been part of archaeological research in this 

area for many decades, providing insights in regional palaeoecology and economy, and in the 

relationship between nature and culture (Beijerinck, 1929-1931; Bottema-MacGillavry, 2008; 

Nieuwhof, 2006; Nieuwhof and Woldring, 2008; Nieuwhof and Schepers, 2016; Prummel, 2001; 

2018; Prummel & Heinrich 2005; Schepers et al., 2013; Schepers, 2016; Van Zeist 1974).  
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Fourthly, the analysis of material culture (e.g. houses, pottery, metal ware etc.), and of animal and 

human remains, has not only resulted in a corpus of knowledge about economy, technology and 

daily life, but also, combined with anthropological theory and a contextual approach, to insights 

into less tangible features of human existence, such as social change, ritual practice and 

interregional contacts (Knol, 2011; Nicolay, 2014, 2017; Nieuwhof, 2015; Nieuwhof and Nicolay, 

2018). 

Terp archaeology is a strongly interdisciplinary line of research, as will be clear from the above. 

The data collected from a wide geographical area, with a significant time depth and across many 

fields of research, together produce a high-resolution image of the past. 

3. Results 

3.1 Landscape formation 

Throughout the Holocene, the Netherlands have been dealing with a relative sea-level rise that has 

multiple causes: global warming and melting of the ice sheets after the Ice Age during the first part 

of the Holocene, starting c. 11,700 years ago; tectonic movements, the effect of which is negligible 

in this context; and isostatic subsidence that came with melting of the ice sheets on Scandinavia. In 

the first millennia of the Holocene, sea-level rise amounted to 0.8-1 m/century, causing the 

submersion of a large part of the North Sea basin (Peeters et al., 2009). Glacial isostatic adjustments 

caused a relative sea-level rise that was less severe but continues until today, amounting to 0.05-

0.10 m/century over the major part of the last 3000 years (Vos and Van Kesteren, 2000; Meijles et 

al., 2018). Relative sea-level rise has accelerated to 0.15-0.20 m/century since 1850, probably due 

to global warming and regionally also to human-induced subsidence (De Mulder et al., 2003; Vos 

and Van Kesteren, 2000; Wahl et al., 2013). 

From around 5000 BC, when the coastline had reached its approximate present location, the 

postglacial sea-level rise had decreased enough to be surpassed by the net heightening through 

sedimentation (Beets and Van der Spek, 2000). The Wadden Sea then came into existence as an 

intertidal area behind a series of barrier islands and salt marshes developed in the former alluvial 

valleys, which had now become tidal basins. As the barrier islands gradually shifted towards the 

mainland, the tidal range in the tidal basins increased and deposits became sandier (Vos and Van 

Kesteren, 2000). From around 1500 BC, relatively sandy salt-marsh ridges or levees developed 

along the seaward margins of the coast, often several hundred metres wide and many kilometres 

long. This natural process of salt-marsh formation thus occurred thanks to sea-level rise in 

combination with a relatively sandy sediment supply that was sufficient to outpace sea-level rise. 

The majority of this sediment was redeposited from eroding Pleistocene headlands and the shallow 

North Sea bed; it was transported to the coast by tidal currents and wave action (Beets et al., 1994).  

With the Holocene sea-level rise, drainage deteriorated and inland water tables rose, causing peat 

formation. Along the coast, this basal peat layer either eroded, or was covered with clastic sediment 

as the sea level rose further. In those areas where marine sedimentation overtook the process of peat 

formation, clay-covered peat lands formed. Peat areas with a thin clay cover were silted over in 

relatively recent times; such areas mark the boundary between a very wide coastal salt-marsh area 

and the vast peat areas (bogs and fens) inland (fig. 3).  

The accretion of sediment resulted in rapid seaward expansion of the salt marshes in the tidal basins 

of around 5-10 metres per year during the first millennium BC (Vos and Gerrets, 2005; Nieuwhof 
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and Vos, 2018). and a significant increase in height. Vegetation helped to trap sediment. Low salt 

marshes, inundated 50-200 days per year, developed into middle marshes, inundated up to 50 days 

per year, and then into high marshes, inundated only during extremely high tides. As the elevation 

of the salt marsh and the distance to the sea increased, the frequency of inundations decreased.  

3.2 Occupation of the salt marshes 

Habitation of the salt-marsh area began around 650 BC (Taayke, 1996). It was this vast area’s 

potential for grazing livestock that must have been attractive to the early colonists (Van Zeist, 1974; 

Van Gijn and Waterbolk, 1984), not in the least due to the fact that the sediments deposited during 

recurring floods resulted in a very fertile soil (Cnossen, 1980). The very first colonists settled on 

high levees along salt marsh creeks; they built their houses directly on the salt marsh surface, at 

least during the initial phases of salt marsh occupation. This assumption of earlier terp research was 

confirmed by recent terp research in early-phase terps such as Lollum-Saksenoord (Vos and 

Varwijk, 2017) and Wommels-Stapert (Varwijk and De Langen, 2018). That situation of terpless 

salt marsh occupation, however, did not last long. Whether the early settlers had underestimated the 

level of exceptional storm surges, or whether storm surges in general became more frequent and 

severe in that period is unknown, but they soon started to raise their immediate living areas. 

Moreover, excavations of the last two decades and reassessment of older excavations have shown 

that later generations of settlers not necessarily chose the highest parts of the salt marsh, but rather 

salt-marsh ridges near the coast that had just silted up to the level of a middle marsh (Vos and 

Gerrets, 2005; Vos, 2015).  

 

Fig. 4 Schematic cross section through different phases of a developing terp, starting on a salt marsh ridge at the level of 

a low middle marsh. Flooding and sedimentation continue during habitation, at a diminishing rate. Not to scale. 

Drawing A. Nieuwhof. 

Occupation of the frequently flooded middle salt marsh was not possible without taking 

precautions. From the start, these settlers built their farmhouses with built-in byres on artificial 

platforms, so-called house terps (fig. 4). All excavations in which house platforms were uncovered 

show that these platforms were only slightly larger than the houses that were built on top of them, 
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and only 0.40-1 metre high, just above the level of what must have been the highest expected level 

of floods (e.g. Dijksta and Nicolay, 2008; Gerrets and De Koning, 1999; Jongma, 2008; Nicolay, 

2010; Varwijk and De Langen, 2018). Natural sediment layers that were deposited during floods are 

often found against the sides of platforms, but usually not on top of them; that indicates that this 

height was indeed sufficient. Due to the huge water storage capacity of the salt marsh area, extreme 

high water did not reach higher. Still, storm surges must have been frightful events, as the house 

terps turned into small islands during inundations. After the storms had passed, seawater drained 

from the land very quickly, via the many creeks. Terp excavations show that digging ditches in the 

salt marsh was common practice from the beginning of the area’s occupation; these ditches were 

connected to natural creeks and thus further improved drainage. 

 

Fig. 5 A series of consecutive houses dated between the 4th and 2nd century BC on the terp of Ezinge. Top: Excavation 

photograph in longitudinal direction (1933), showing the remains of cattle stalls. Bottom: longitudinal section, showing 

stakes and poles of the consecutive house phases, with heightening layers in between. Each new house phase was 

further from the centre of the terp on the left. Numbers refer to finds. Photo and drawing © University of Groningen, 

Groningen Institute of Archaeology.  

 

The small house terps required frequent maintenance and, since the sea level continued to rise 

slowly, occasionally needed to be heightened. Heightening layers were also applied over the 

remains of houses that had come to the end of their lifespan, providing a foundation for new 

farmhouses. Intentional heightening and extension layers and, to a lesser extent, dumped waste 
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filled in the space between neighbouring platforms, thus joining these together. The process of 

building, demolishing and heightening was repeated again and again, with houses being rebuilt on 

more or less the same location for many generations (fig. 5). Over the centuries, many of the early 

house platforms developed into small or large village terps of several metres high, also including 

fields and gardens. Even in the 13th century terps were enlarged, although dike building had already 

started at the time. The increased surface areas were used for arable farming (De Langen and Mol, 

2016).  

While the terps were growing in height and in surface area, the elevation of the surrounding salt 

marsh also increased, due to ongoing sedimentation (fig. 4). Many terps are barely visible 

nowadays. These are the terps that only just kept up with the continuing relative sea-level rise; their 

‘soles’ are hidden by younger deposits. Other terps became much higher and larger than necessary 

in view of safety, up to over 8 m +NAP (the terp of Hegebeintum in the province of Friesland).
2
 

The size of the population, which provided the necessary labour, must have played a decisive role in 

the final size of a terp; status may have been an additional factor, at least during the final stages 

when heightening was no longer an environmental necessity.  

3.3 Population changes 

The way of life described above was generally successful; the Iron Age population increased and 

new salt-marsh ridges along the northern coast were colonized, always starting with small 

platforms. The area was one of the most densely populated areas of that period, with around 30,000-

40,000 inhabitants during the pre-Roman and Roman Iron Age, 15-20 inhabitants per km
2
 

(Bazelmans et al., 2012). During the 2nd and 3rd centuries AD, however, the salt-marsh area was 

gradually abandoned and during the 4th century AD, a diminished population inhabited only a very 

small number of terps. Ezinge in the province of Groningen, and possibly some terps along the 

Middelzee in the province of Friesland, were amongst the few terps not to be abandoned (Nieuwhof 

2011, 2013, 2016).  

On the Pleistocene Drenthe Plateau further inland, habitation was not interrupted in this same 

period, which suggests an (at least partly) environmental cause for the depopulation of the salt 

marshes. Marine inundations had not posed problems to communities living on terps as long as the 

area was well drained. However, newly developing salt-marsh areas along the coast were 

considerably higher than the older ones in the south, because of continuing relative sea-level rise 

(see Supplementary Material 1). Drainage of freshwater as well as seawater became increasingly 

hindered during the Roman period, turning the salt marsh into a brackish swamp that was no longer 

attractive to the inhabitants. These were not able to cope with these extensive drainage problems. 

The resultant emigration seems to have started in the lowest parts of the salt-marsh area farthest 

from the coast where washed-over or so-called ‘frustrated terps’ are found, for instance in 

Paddepoel, in the outskirts of the present city of Groningen (Van Es, 1970).  

Abandonment may have started because of increasingly poor drainage, but it was certainly 

reinforced by social circumstances. Younger terps in better-drained areas, such as Wijnaldum 

(Gerrets and De Koning, 1999), were also abandoned, as late as around AD 325, probably due to 

the damage foregoing depopulation in the hinterland had caused to such settlements’ socio-

economic environment. The few settlements that did persist, participated in geologically more 

diverse networks and had stronger ties to inland areas in the south and the east, as is shown by their 

                                                       
2 Dutch Ordnance Datum, approximately mean sea level. 
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associated material culture; these socially and economically more resilient terp settlements were 

therefore better equipped to deal with the increasingly challenging natural conditions (Nieuwhof, 

2011, 2016). 

New inhabitants arrived from the beginning of the 5th century AD (Lanting and Van der Plicht, 

2010), settling first along the coast and along rivers where drainage was good. The material cultural 

of the immigrants strongly resembles that of coastal areas of northern Germany and southern 

Denmark, and it is generally accepted nowadays that they were migrants from that region, ‘Anglo-

Saxons’, who moved to the west in this period, not only to the northern Netherlands but also to 

Britain (Boeles, 1951; Knol, 2011; Nicolay, 2014, 2017; Nieuwhof 2011, 2013). The new 

population included the small groups that had stayed behind in the terp region, and probably also 

people from sparsely populated inland regions who all shared a similar material culture. The new 

settlers resumed the old ways of the terp dwellers, gradually repopulating the abandoned terps and 

colonising new salt-marsh ridges. They did, however, bring with them their own traditional form of 

house construction, replacing the region’s older custom of building with wattle and daub with turf-

walled buildings (Postma, 2015). These formed the ultimate adaptation to the naturally treeless but 

grass-rich salt marsh environment, their construction and maintenance becoming an integral part of 

early-medieval terp construction (fig. 6). During the following centuries, drainage improved, 

probably partly owing to human interventions (see section 3.5).   

3.4 The technology of adaptation 

Terps and platforms are not just random heaps of earth; these would be prone to erosion and 

sagging. They were carefully constructed with local materials: well-rooted clay-rich salt marsh turf, 

consisting of laminated silty or fine-grained sandy clay; animal (mainly cattle) dung, used 

especially in the eastern part of Friesland and Groningen; and sometimes wattle. Animal dung in 

platforms and floors also served as an insulating material (Zimmermann, 1999).  

 

Fig. 6 Experimental reconstruction of an early-medieval turf house on a turf platform in Firdgum. Photo D. Postma. 

The construction of house platforms changed only slightly over time. The earliest excavated 

platform in Ezinge, dated around 500 BC, consisted of turves and dung in a wattle encasement (i.e. 

fixed formwork) surrounded with turves (fig. 7). In a somewhat later house platform, the lower 

section of a building’s wattle wall served as a retaining wall of similar design. This close 

connection between the house’s construction and raising its plot was clearly intentional, because the 

thresholds in the walls were placed in an elevated position from the beginning. Other excavated 

platforms in Ezinge and elsewhere consisted of carefully placed turves. Alternatively, a rectangular 

retaining wall was constructed entirely of turf and backfilled with more turves or dung (fig. 8). This 
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technique was used throughout the northern coastal region and into the early-medieval period, 

apparently being sufficiently strong to prevent sagging.  

 

Fig. 7 Three types of platforms from the first phases of habitation in Ezinge. 1: corner of the earliest platform in Ezinge, 

dated around 500 BC, consisting of turves and dung in a wattle encasement surrounded with turves (dug away for the 

photo). 2: consecutive house platform, early 5th century BC; the lower section of the building’s wattle wall served as a 

retaining wall that was filled in with turves. The thresholds were placed in an elevated position when the walls were 

built. 3: a platform from around 400 BC, consisting of carefully placed turves. The part outside the posts of the house 

was dug away. Photo © University of Groningen, Groningen Institute of Archaeology. 

 

Some platforms were surrounded by a drainage ditch (fig. 9), the soil of which would have been 

used to construct the platforms. Most of the platforms’ mass, however, and that of later platform 

expansions, consisted of turves that were cut further away from the platforms. This is where the 

early-medieval turf houses came into their own as a sustainable vernacular type of construction; 

when the buildings needed maintenance or replacement, their voluminous walling material was 

reused to raise or expand the platforms. The surroundings of terps were speckled with turf and clay-

extraction pits, some of which were kept open as drinking-water basins for livestock (Nicolay and 

De Langen, 2015). 

In addition to terps, low summer dikes were constructed as early as the beginning of the first 

millennium AD. Four such dikes have been excavated in the province of Friesland (Bazelmans, 

2005; Zandboer, 2010). They were made of randomly placed turves, covered with a turf outer skin. 

The vegetation that continued growing on this outer layer provided cohesion and prevented erosion. 

Since only small stretches of these dikes were excavated, we do not know whether they were 

circular dikes; in that case, water outlets would have been needed to prevent problems with 

drainage. Such outlets have not been found in the northern Netherlands, but the technology was 

available. Contemporary examples made of hollowed-out tree trunks with additional check valves 

are known from Bentumersiel on the Ems (Prison, 2009) and Vlaardingen in the province of Zuid-

Holland (De Ridder, 2005), places that were within the social exchange networks of the terp 

dwellers of the northern Netherlands. Key to the sustainable long-term use of these early dikes, 
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which protected parts of the landscape including arable fields, is that they were low enough to allow 

flooding in wintertime, thus trapping sediment and helping to raise the endiked parcels (Nieuwhof, 

2006). 

 

 

Fig. 8 Section photos of two platforms with retaining walls constructed of turf. Top: A platform from the 5th century 

BC in Englum. The core of the platform (left) consists mainly of dung; a later extension (right) consists entirely of 

dung. Bottom: A similar retaining wall of turves, from the 7th century AD, was excavated in Firdgum. The core of this 

platform (to the left) consists of turves. Photos © University of Groningen, Groningen Institute of Archaeology. 
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Fig. 9 Transection through a 2nd-century AD platform in Leeuwarden. Its core consists of turves; these are covered by 

thin floor layers of dung and clay, and heightening layers. The platform was surrounded by a ditch, which was dug 

anew after application of a heightening layer. The wooden posts are the remains of the farmhouse on this platform. 

Photo ADC-ArcheoProjecten. 

 

Experiments have shown that the salt marsh was fertile and productive, not only for animal 

husbandry but also for arable farming, so long as inundation did not occur during the early growing 

season (Bottema et al., 1980; Körber-Grohne, 1967; Schepers, 2016; van Zeist et al., 1976). The salt 

marsh did not need to be fertilized, since winter floods brought all the necessary minerals. All 

animal dung available could thus be used for platforms and for fuel (Nieuwhof and Woldring, 

20018; Huisman, 2015).  

Long-term terp building and summer dike construction and maintenance were necessarily based on 

community effort and shared responsibility, which must have been embedded in social organization. 

During the pre-Roman Iron Age, the colonization of new salt-marsh ridges and the maintenance of 

terps and summer dikes were probably organized by the chosen leaders of regional communities. 

Cooperation rather than conflict characterized the relationships between these communities. During 

the Roman Iron Age, leadership may have become hereditary, and the new communities of the early 

Middle Ages developed into regional kingdoms with the characteristics of chiefdoms (Nieuwhof 

and Nicolay, 2018). In all these periods and organizational forms, every community member must 

have been imbued with the necessity of giving priority to terp maintenance. Land use, technology, 

settlement development, architecture and social organization in the salt marsh area were closely 

linked in this society’s approach to environmental adaptation. 

3.5 Loss of land 

While large parts of the coast expanded to the north into the Middle Ages, other parts eroded and 

gave way to marine ingressions. The loss of habitable land occurred on a particularly large scale 

due to large peat areas having been reclaimed and cultivated (De Langen, 2011; De Langen and 

Mol, 2018; Knol, 2013; Knol and Vos, 2018; Vos and Knol, 2015). Already during the 4th or 3rd 

century BC, seaward fringes of the peat areas were colonized (Bakker, 2016; Gerrets, 2010; Vos 
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and Bakker, 2017). Ditches were dug in peat and clay-on-peat areas to improve drainage, 

unintentionally causing oxidation and therefore loss of organic material. While the natural peat 

surface was well above sea level, resultant subsidence and the flood water’s easy access via ditches 

made the land vulnerable to marine erosion. Early canals, probably dating from after the 5th-century 

(see fig. 3, AD 800), reinforced this process (De Langen, 2011; Vos and Knol, 2015), as did early-

medieval salt extraction from seawater-infused, clay-covered peat. Several tidal inlets (Middelzee, 

Lauwerszee) thus developed into large tidal basins in the Early Middle Ages (fig. 3), probably 

destroying terp settlements in the process, but on the other hand improving drainage (Knol and Vos, 

2018).  

3.6 Dike building: fighting against the sea  

After more than 1500 years of nearly unprotected habitation in the salt marsh, dike building began 

in the 11th century AD, initially with low summer dikes along rivers and around fields (Knottnerus, 

2013). The question why dike construction was started is not often asked, since to modern (Dutch) 

eyes it seems self-evident that dikes were the ultimate strategy in coastal regions. Yet, as we have 

seen, living without dikes on terps had been a successful strategy previously. The most likely reason 

is not that coastal areas were vulnerable to inundations (they had often been inundated in the past 

without causing much damage), but rather that reclaimed peat areas inland became uninhabitable 

because of subsidence and subsequent flooding and deteriorating drainage. Reclaimed peat-areas 

were among the first areas that were diked (De Langen, 2011; Knol, 2013).  

The diked-in areas must have had a knock-on effect on unendiked areas, since they reduced the 

surface area available for flooding, pushing up water levels during high tides and storm surges. 

Dike building therefore was not limited to low-lying regions but eventually encompassed the entire 

coastal area. Over time, the low, regional dikes were heightened and combined into a long, high 

coastal-barrier system, which was meant to prevent inundations altogether. The inland dikes formed 

compartments that limited the damage of eventual dike-bursts (Van Dam, 2012). Drainage of the 

areas that were enclosed by dikes was provided by a fine-meshed system of ditches and canals that 

drained into the Wadden Sea via sluices and other water outlets in the dikes. These outlets were 

often of the simple but effective type that was already in use in the 1st centuries BC and AD 

(Knottnerus, 2013) (see section 3.4). 

After the first large-scale dikes were built in the High Middle Ages, many of the terps all but lost 

their safety function, allowing farmsteads to move to the flanks of the terps or onto adjacent house 

platforms. Several such house platforms along the northern coast have been recently excavated, all 

of which were surrounded by newly deposited sediment layers, indicating that this newer generation 

of dikes had not yet achieved full flood protection (Nicolay et al. 2018a, 2018b). Many existing 

terps nonetheless changed use to serve mainly for agricultural purposes and were even enlarged 

with this objective in mind.  

After dike building, reclamation of peat and clay-covered areas continued. Where thick layers of 

peat were present, the land kept subsiding to levels even below Mean High Water. In the western 

part of the province of Friesland, several large lakes came into existence due to heavy erosion.  

An immediate consequence of large-scale dike building was the loss of the salt marshes’ water 

storage capacity. Instead of floods that were relatively tranquil because they could flow over a vast 

salt marsh area, storm surges now impounded on the dikes. This became especially problematic 

along the Ems estuary in the eastern part of the province of Groningen, where the level of storm 
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surges increased considerably after dike building. Moreover, maintenance of the dikes was hindered 

by conflicts between those responsible for their upkeep (De Jonge, 2009; Knottnerus, 2013). In the 

15th and early 16th century, a series of catastrophic storm surges broke through these dikes, and the 

tidal basin of the Dollard came into existence. Terp settlements in this area were washed away 

(Knol, 2013; Vos and Knol, 2013).  

Because of the dikes, storm surges could become far more catastrophic than before. Impoundment 

easily led to dike bursts. Some terps situated outside the dikes, however, remained inhabited until 

the 19th century, especially in the Groningen area. These did not suffer from impounding seawater 

and were not affected by the catastrophic floods that followed dike bursts; they were only 

abandoned when these salt marshes were finally reclaimed, as part of continuing artificial salt-

marsh reclamation that lasted well into the 20th century (Knol, 2013; Knottnerus, 2013). 

4. Discussion: past meets present 

Salt marsh development depends on the subtle interplay of several factors, such as the rate of 

(relative) sea-level rise, the availability of sediment and its grain size, the levels of Mean and 

Extreme High Water, the morphology of tidal basins, and the energy in the tidal system. These 

natural conditions were also paramount to the possibilities for terp habitation in the Wadden Sea 

region: 

 The rate of relative sea-level rise was moderate, and sediment supply was sufficient to outpace 

relative sea-level rise. Therefore, the salt marsh region increased in elevation and size. 

 Tidal basins in the area allowed the rapid development of vast salt marsh areas. 

 The vast salt marsh area provided an enormous storage capacity for flood water. Since water 

levels remained low, even during storm surges, the early terp platforms did not need to be very 

high and large. That made early terp building feasible. 

 The vastness of the fertile salt marsh area was highly attractive to the terp dwellers as pasture 

land.  

 The available sediment contained sufficient sand (and the energy in the system was high 

enough) to enable the formation of salt marsh ridges, and sufficient clay and silt to give 

firmness and cohesion to the salt marsh turf, which was an important condition for the usability 

of turves for terp building. 

However, terp habitation is not necessarily confined to coastal regions with similar natural 

conditions. The pre-Columbian terps and raised fields of the Guyana’s, for instance, were located in 

an equally vast coastal plain with sandy cheniers and mudflats not unlike the terp region, but with 

westward shifting landscapes due to marine currents, and mangrove vegetation on the coast 

(Augustinus, 1980). An additional requirement for terp habitation on comparable low coastal plains 

elsewhere in the world is a low risk of extreme events such as hurricanes or tsunamis, unless terps 

are high enough to provide safety in case of such events.  

As presented in Section 1.2, terp habitation can also be found in flood-prone inland, freshwater 

landscapes. Residential mounds and fields, combined with canals and embankments, were common 

in the northern part of South America in river areas (Rostain, 2010). In the Netherlands, terps are 

found in peat areas from the pre-Roman Iron Age onwards (Bakker, 2016; Jongma, 2009; Nicolay, 

2018; Van Smeerdijk et al. 2009), and in river floodplains and along inland coasts from the late 

Middle Ages (Van Dam, 2012). The terps in peat areas were usually small and low, one or two-

generation platforms, made of clay and peat. Due to the considerable subsidence that was caused by 
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reclamation, house platforms in these areas were rebuilt after a short period of use, and repositioned 

in the direction of newly reclaimed plots.  

As little as terp habitation is restricted to the Wadden Sea area, or even coastal areas of similar 

making, is this settlement form exclusive to long foregone periods. In the Netherlands, habitation on 

house terps in river floodplains has been revitalized in the Netherlands during the last decade, after 

a number of near-disasters in periods of extremely high water in the Dutch river area in the 1990s. 

The Room for the river-programme consists of over 30 projects that are aimed at preventing future 

flooding of rivers, especially by increasing the rivers’ storage capacity. The Overdiepse polder in 

the floodplain of the river Maas, for instance, has been designated as a water storage area in case of 

extremely high water levels. To house the polder’s farmsteads, eight large terps have been 

constructed, with massive cores of sand, and covered by a thick layer of clay, a total of 14.000 m
3 

per terp.
3
 In New South Wales in Australia, farmers in regularly flooded coastal plains are advised 

to build livestock flood refuge mounds. Detailed instructions include the application of a clay-based 

surface, a slight slope to improve drainage, and sowing pasture on the mound to minimize erosion 

(Briggs, 2009). The resulting mounds are much like the terps in the coastal are of the northern 

Netherlands. 

 

The terp dwellers of the northern Netherlands not only built terps but also small summer dikes, as 

early as the beginning of the 1st millennium AD. Such low dikes did not block out marine influence 

altogether, but provided some protection from the energy of waves. They were low enough to allow 

flooding and sedimentation during high winter storm surges, but high enough to prevent flooding in 

the summer growing season. Thus, they were a valuable addition to the strategy of living on terps, 

and may well inform a beneficial land management strategy in present-day situations.  

Summer dikes were also the first dikes to be made when large-scale dike building began in the 

Netherlands in the late Middle Ages. That is why the farmsteads that moved from the terps in this 

period were still built on house platforms. Further development, however, led to the high, defensive 

structures that we now know as dikes, designed to keep the sea out under any circumstance. This 

absolute exclusion of marine influence has come at a price: not only did the impoundment of 

seawater lead to much more destructive inundations than ever before, high dikes also halted further 

sedimentation. Meanwhile, sea-level rise and land subsidence as a result of drainage and subsequent 

oxidisation of the (sub)soil, have continued or even accelerated; many endiked areas are now below 

sea level, their dikes in need of ever-increasing raising. Obviously, when the medieval dike builders 

abandoned their cooperation with the sea and started following a more offensive strategy, they 

could not foresee their fight evolving into a battle that cannot be won in the end. 

A similar downward spiral set in with peat reclamation and dehydration. We already mentioned the 

human-induced erosion of the Lauwerszee and the Middelzee, but similar processes occur 

elsewhere. At the coast of Schleswig-Holstein, the Halligen are another eroding salt marsh area, 

which cover an older peat landscape that has been severely affected by peat extraction for salt and 

fuel. The Halligen consist of salt marsh islands, where terp habitation began in the 8th century AD 

(Bauer et al., 2001). The islands are protected nowadays by summer dikes, which slow down the 

                                                       
3 www.ruimtevoorderivier.nl (consulted 1st February 2019). 
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process of erosion and partly prevent flooding. During high storm surges, seawater covers the 

Halligen, leaving only the upper parts of the terps free. 

The combined effect of human-induced subsidence and dike-building is even more threatening. 

That was the case in the Dollard area, as described in Section 3.6. Another eroded terp region is 

located north of present-day Ostfriesland in Lower Saxony. Here, parts of the salt marsh fringe were 

eroded in the late Middle Ages as a result of higher levels of Extreme High Water after the start of 

dike building, combined with subsidence after reclamation and salt extraction from salt-containing 

peat in the subsoil (Niederhofer, 2016). Building of high dikes in combination with reclamation and 

extraction of peat, are clearly human interventions which in hindsight have disadvantageous 

outcomes: the reclamation and/or extraction of peat land causing subsidence, and dike building, 

which diminished the water storage capacity of the salt marsh outside the diked areas, and caused 

impoundment of flooding water. 

Subsidence caused by human-induced dehydration of low-lying peat areas, however, has not come 

to a standstill. Inhabited, drained peat areas, of which there are many in the northern and western 

Netherlands, will keep subsiding until the Pleistocene subsoil has been reached. In the province of 

Groningen, some such low-lying parts have recently been turned into lakes or wetlands (Blauwe 

Stad and De Onlanden, see Supplementary Material 1), to create more storage capacity in the case 

of new inland flooding. Other, similar areas also are in danger of becoming uninhabitable. 

However, peat reclamation is not the only cause of subsidence. Gas and salt extraction are 

additional, modern causes of subsidence. Continued drainage of low-lying peat areas (Lof et al., 

2017), as well as salt and gas extraction, not to mention the effects of global warming, do not spell 

good for the Holocene clay and peat areas in the long term. A more integrated, eco-system based 

coastal defence is called for (De Jonge, 2009; Reise, 2017; Temmerman et al., 2013), possibly even 

without dikes (Borsje et al., 2017).  

5. Conclusions 

The Dutch are widely known as fighters against the sea. However, their offensive or at least overly 

defensive approach is a relatively recent development. Prior to large-scale medieval dike building, 

the inhabitants of the salt-marsh area of the northern Netherlands successfully adapted to the sea by 

living on terps, working together with nature rather than aiming to ban its influence on the land 

altogether. High dikes and terps testify to very different mind sets. 

Living behind dikes of ever-increasing height, does not seem to be a sustainable strategy for low-

lying coastal areas in the long term. Terp archaeology of the last decades has shown that the 

inhabitants of the salt marsh region of the northern Netherlands were more daring and pro-active 

than previously realized. Their settlement strategy, habitation on terps, eventually combined with 

low summer dikes, may provide a solution for future areas and communities that are facing regular 

flooding and sea-level rise all over the world, provided that a number of basic conditions are 

considered: 

 A vast floodplain is required, over which flood water can flow out rather than rise. 

 The water must supply sufficient sediment to allow accretion, and thereby keep pace with sea-

level rise. 

 To prevent impoundment, the floodplain should not be bordered by high dikes or long, natural 

obstructions.  
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 The area should be well-drained by creeks, combined with ditches if necessary, provided that 

the subsoil does not contain peat layers that would be negatively affected by this drainage. 

 The minimum height of small or large terps depends on the maximum level of Extreme High 

Water that can be expected in an area.  

 Building and maintenance of terps ideally uses local or at least easily available materials (e.g. 

turf, raw clay, unfired bricks), to be sustainable in the long run.  

 Available sediment or other materials must permit building of firm platforms that withstand 

erosion and sagging.  

 Areas where hurricanes or tsunami’s may occur are not ideal for terp (or other) habitation, 

unless terps are sufficiently high and erosion-resistant. 

 The degree of social organization must be high enough to permit planning and organization of 

terp construction and maintenance, but low enough to make the inhabitants feel responsible and 

involved. Bottom-up initiatives with input of expert knowledge and outside help may be 

expected to have better results than top-down approaches. 

 If sediment is available (requiring erosion elsewhere), low dikes may serve as sediment traps, 

also providing opportunities for arable farming without the need of fertilizing; accretion may 

partly make up for sea-level rise. 

The interventions of the coastal population of the past, however, did not all have a positive result; 

some had very adverse, unforeseen effects, which can be equally informative for developing new 

terp habitation strategies. Cultivation and drainage of peat areas led to subsidence and to severe 

erosion already at an early stage. The lesson to be learnt here is that any form of land use that 

causes low-lying coastal areas land to subside, should be avoided, especially in times of increasing 

sea-level rise such as we are facing now. Although this may seem as an insight that speaks for itself, 

it is not acknowledged by all parties responsible for drainage of peat areas, or for gas and salt 

extraction in the Netherlands. This problem shows that we have become accustomed to living 

behind dikes to the degree that the landscape does not play a decisive role in the perception of the 

inhabitants, industry and policymakers anymore, as it undoubtedly did in the past.  

As the habitation history of the northern Netherlands over the past 2650 years demonstrates, natural 

circumstances and technological adaptations are not the only factors that determine the possibilities 

for living in low-lying coastal areas. Long-term terp building and summer dike construction and 

maintenance are necessarily based on community effort and shared responsibility, which must be 

embedded in social organization. The success of living in these areas is determined by the interplay 

of natural, socio-economic, political and cultural factors. Only when these factors all work together, 

may it be possible to adapt to the changing circumstances that are caused by current and future sea-

level rise.  
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