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Foreword

In 1988, I started my study of archaeology at the University of 
Leiden. Actually, I wanted to become a palaeontologist and 

approximately 60 other students. Not long after that, an issue 
of the UNESCO Courier caught my eye. It was completely 
devoted to underwater archaeology1 and from that moment 
on I wanted to become an underwater archaeologist. I took 
the train to Alphen aan den Rijn to visit the Afdeling 
Archeologie Onderwater (AAO: Department of Underwater 
Archaeology) of the Ministry of WVC (Department of Culture), 
which was headed by Thijs Maarleveld. I told him what I 
wanted to do and he told me what I would need to pursue my 
dreams. My diving experience was no more than a basic 
course I had completed in Marseille in 1987, and Thijs advised 
me to take more diving lessons before joining them in their 

-

and devotion, but also that of wonderful lifelong friendships and 

to the headquarters of the Rijksdienst voor het Oudheidkundig 

-
tion to the protection of our underwater cultural heritage. By 

up a faculty for underwater archaeology at the University of 

Scheurrak SO1 and the 

projects can be found in this thesis) in the Netherlands, for which 

Much of the work presented in this thesis has been done in 

1.
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this thesis are based on previously published articles, as will be 

None of the previously published work has been included without 

cultural heritage in the Wadden Sea a lot has changed. This is, of 

triggered by new regulations in Wadden Sea and heritage 

archaeology are currently the central focus for archaeologists, 
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1. General introduction

Much of what has been produced and used by humanity has 
been lost, thrown away or left behind under water. 
Sometimes this has happened on purpose, such as the 
dumping of waste, sometimes by accident, such as the loss of 
ships. The Netherlands is blessed with a tremendous amount 
of maritime and underwater cultural heritage, hidden in the 
North Sea, the Dutch rivers and lakes, in reclaimed land, in 
former river branches, in estuaries and tidal inlets that have 
become silted up and, last but not least, in the large tidal 
basins of the Wadden Sea and the Southern Delta region. 
However, this resource is primarily invisible to most of us. 
With a largely ‘land-based’ archaeological community, there is 
a bias towards looking at Dutch history from the land towards 
the water and not the other way around. The – often muddy – 

-
ological research under water and the tight budgets for 
cultural heritage management in general have resulted in this 
enormously rich and often well-preserved resource being 
largely neglected by archaeologists, historians and cultural 
heritage managers. 

1.  General introduction

insights into this rich underwater resource and the opportunities 

changes have been both for the better and the worse, forced by 

been discovered and dealt with. This thesis presents an analysis 
and evaluation of what has happened over the years, what we 
have gained and what we have lost. New ways to deal with 
underwater cultural heritage will be proposed. The thesis, 

How can we manage the underwater cultural resource?

underwater cultural resources.
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rescue research of newly discovered sites. In addition to negotia-

works,4

especially the Wadden Sea. There was no way everything could 
be done, not even in these tidal basins, and so the work concen-

century grain trader called the Scheurrak
seventeenth-century trader, the Aanloop Molengat, with a cargo 
of half-products.5 This focused approach had its advantages. 

6 but 
-

During the early period of professional underwater archaeology in 

also used to develop strategies and techniques for dealing with 

opened for a wider public. 

research in the Netherlands on historical shipwrecks was 

up its responsibilities for underwater cultural heritage in the 
7 The fact that underwater archaeology received a 

Geldermalsen 8 The 

1.1 Introducing underwater archaeology and 
underwater cultural heritage management  
in the Netherlands2 

volunteers

Starting tentatively with professional underwater archaeology 

cargo, inventory and personal belongings, are often well 
preserved.

3 it was decided that it would be sensible to focus on 

2

 
3

 
4  

5

 
6

 
7  
8

Fig. 1.2 The Scheurrak SO1 excavation 1989–1997. Photo RCE.
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views on how to conduct research on shipwrecks were presented 
in order to initiate a true debate.16

-

discuss various opinions and views on the salvaging of the 
Geldermalsen

17 It is 

the best way to safeguard underwater cultural heritage was to 
18

the Aanloop Molengat and Scheurrak SO1 sites.19 With these 

archaeological agencies have proved the richness of our 
underwater cultural heritage. These underwater archaeological 

Mediterranean, but that it could even be done in the dark and 

traps of protection for the sake of protection.20

approach was needed in order to develop adequate underwater 
archaeology practices under the prevailing conditions, without 

disturbance.21

approach to underwater cultural heritage needed to change. 

Geldermalsen

piece of it! The Geldermalsen and other salvage projects were hot 
issues for journalists.9 -

10 

archaeologists was not only a Dutch issue, these salvage 
operations can be seen as a driving force for change in the 

Sciences11 was established which had the task of investigating 
-

12

13 The overall 

14 

-

It was felt that the updated law not only provided an opportunity 
to change the rules but also to change attitudes.15 On 15 March 

9  
10

protection of historical shipwrecks by developing a vision on underwater archaeologi-

 
11

 
12  
13  
14  
15

16

17

18

19

20

21
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-

26 In 

archive under water). 

slowly but steadily created opportunities for others (besides the 

27 Until 

-
cial party.28

29 

question set out in a research agenda.30 By doing so, it is no 

projects, cooperation between several countries led to research 
on the deterioration and in-situ preservation and protection of 
shipwreck sites.22 With an increasing focus on and stability in 

following decade, it was possible to investigate what our rich 

23 The sites were and still 

24 -

overview of the potential of Dutch underwater cultural heritage. 

Until recently, our knowledge of the underwater resource was 

better knowledge and an overview, however, it was essential to 

cultural heritage agency and others have since collected, it has 

be found.25 To obtain an even better idea about what is left in the 

22

23

24 ROB 1995, ROB n.y.(1), ROB n.y.(2)
25

26

27

28

29

(http://cultureelerfgoed.nl/dossiers/erfgoedwet/archeologie-en-de-erfgoedwet, 

30

See also https://cultureelerfgoed.nl/nieuws/nieuwe-nationale-onderzoeksagenda-
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35

that university-trained underwater archaeologists have begun to 
-

ders is therefore traditionally very strong in underwater cultural 

36

realized is that this responsibility also stretches to the water, 

this heritage has slowly awoken and led to a degree of critical 

Law.37

their tasks.

It was due to this decentralization and the changing role of the 
-

38 Its 
-

39

40 The 

41 

accessible.42 

-

-

-
ted by a prevailing in-situ preservation policy strongly linked to 

learn about the past).31 

stakeholders in archaeological dive projects. Until 1995, the 

-

32 

33 This law 

34 

31

32 

33 

34

the law. 
35

36

37

38

39

40

41

42

43
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Fig. 1.3 This is what people usually see when looking at the Wadden Sea: the water surface and what lies above it, not below. Photo M. Manders.

-
ter cultural heritage visible to non-specialists, such as land 

-

what can still be found is essential for land-use planning, 
construction, infrastructure planning and the sustainable 

1.4 presents an overview of the sites discovered on and in Dutch 

44 is, however, often a curse for others, 
such as project developers and spatial planners. The high costs 
and delays associated with archaeological projects have to be 

Realizing that cultural heritage values are not always perceived 

working in the societal and spatial setting of cultural heritage 

underwater cultural heritage within infrastructural projects is a 

for protecting underwater cultural heritage has to be evaluated 

-

and nationally initiated projects.43 In all other cases, there is a 

other stakeholders in underwater archaeology research and 

the years should be transferred to those who now have (or 
should have) the responsibility for the resource. 

1.2 Research problem

about underwater cultural heritage in the Netherlands, both in 

well preserved. It is also constantly threatened and is the 

and national levels. Due to new laws and regulations, this 
-

facilities to be prepared for this new role. Diving regulations have 

sites are still in real need of investigation and preservation. The 

responsibility for cultural heritage placed in lower level govern-

of the resources of our sea, river and lakebeds. 

44
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groups within society, depending on cultural and social back-

this heritage now and in the future. Participation in the decision-

the consequences are for archaeologists and cultural heritage 

about what role they should and are willing to play. 

-

46 
These can be severe, but responsibility for the consequences is 

for underwater cultural heritage and therefore have no tradition 
47 -

-
-

responsibility.48

49 

investigation of shipwrecks focused on retrieving data through 
-

response to incidental discoveries that resulted in ad-hoc 

than we would do a terrestrial site. The recovery of all the 

45

-

archaeological resources in general, including underwater 
resources. By placing the responsibility partly outside the 

one of the basic principles of the Treaty of Valletta, ensures the 
attention of these stakeholder groups. In-situ preservation, as 

other subsequent conventions and guidelines for underwater 

however, whether in-situ preservation of underwater sites is 

-

45

46 

47

48

49
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solutions. It is for this reason that the focus of this study is 
geographically on the western part of this area, including the 
Burgzand.51

preservation? 

1.2.1 Summary of the research problem
Over the years, the focus on underwater cultural heritage has 

plenitude of the resource, as well as changing legislation, but also 

-

1.3 Key concepts and outline of the research
The growing notion that there is cultural heritage under water 

Moreover, the increasing decentralization of responsibilities 

-

-

could argue, of course, that such a dialogue or even controversy 
-

-
tion of underwater cultural heritage. 

50 But why is this 

rich cultural heritage in an inclusive way: not by considering the 

posed in relation to this principle. Project after project was 

50

51

amateur archaeologist databases combined. Figure: courtesy RCE.
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Fig. 1.5 Diver preparing for underwater protection measures. See the 
polypropylene nets for covering sites, front-left of the picture.  

looks ahead and tries to picture what the past will look like in the 

historical research to understand the past, it takes a step further 

52) 

and water as the connection between those societies and as a 

53 

harbours or landscapes) and intangible heritage (such as 

-
nities (in the case of intangible heritage). In this study, the focus is 

past, which society consciously recognizes as a part of its cultural 
legacy and is therefore willing to preserve for the future. 

54 Underwater cultural heritage, however, 
-

under water.55

52

53

preserve for the future. 
54 

55
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59 The Noordoostpolder and 

60 

research done during the previous four decades in this area will 
provide the necessary data to answer the questions in this thesis.

round up the writing of this study. 

1.4 Research questions
-

tion of the scope discussed above, the research for this thesis 

The sub-questions are:
1.  If possible, how can we gain knowledge about the presence of 

heritage, in particular, in the Western Wadden Sea? 
2.  If possible, how can we develop an approach to co-create this 

active divers, have built databases recording tens of thousands of 
these shipwrecks.56

57

hundred underwater archaeological sites (including shipwrecks) 
are located in rivers. The nature of these river sites are diverse, 

relics and religious sites, which have all been recognized and 
investigated.58

regions in the Netherlands, such as the Wadden Sea. The reason 
for this is that there are few areas within Dutch territorial waters 

areas in the Netherlands once river or seabeds. 

-

Fig. 1.6 Frames of the BZN 3 wreck before protection. 
Photo: M. Manders/RCE.

56

57

archaeologists. It is not always clear whether these locations are correct or contain 

58

59

60
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-

in-situ preservation is one option). 

condition, the natural and cultural threats to which it is, and will be, 

stakeholders. Nonetheless, a separate discussion about the 

5.  What is threatening the shipwrecks in the Western Wadden Sea? 
6.  Is in-situ preservation a panacea for underwater cultural 

alternatives?

1.5 Objectives

-

be done through the analysis of data gathered over the past four 
decades and on the basis of recent and current (published) 
debates regarding this objective, both in the study area and in 

Fig. 1.8 The Archaeological Heritage Cycle. Figure: courtesy M. Manders/SASMAP.
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The Wadden Sea is an intertidal zone in the southeastern part of 

In several areas, the Dutch part of the seabed of the Wadden 

65 

1.6 A case study approach: the Dutch Wadden Sea

1.6.1 Research area: the Western Wadden Sea
This thesis focuses on the western part of the Dutch Wadden 

61 

Sea area has already been described in a series of publications, of 
which De Convexe Kustboog

62

the decades.63

64

ships going to the East and West Indies, but also by warships, 

to the twentieth century. 

61

62 

63

64

Fig. 1.9 The Wadden Sea Area. Figure: CORINE land-use map, Menne Kosian/RCE.

65



-

73 It is therefore 

Area as a whole 

waters of the Wadden Sea itself far inland, to the point where the 
74

1.6.2 A short history of the Wadden Sea
The current Western Wadden Sea was only created in the late 
twelfth century.75

or less inhabitable land.76 

the North Sea.66

67 These 
channels leave traces in the landscape down to the Pleistocene 
substrata.68

on the surface of the seabed, while in others the Pleistocene 
strata have disappeared and been eroded by channels or covered 

69 

70 This construction 

pattern of channels and plates.71 In addition, by building the dike, 

72 

66 .

67

68

69

70

71

72

73

74

75 

76 Schoorl 1999, part 1.

Fig. 1.10 The Afsluitdijk, Photo: Courtesy RCE.
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-

and partly due to the fact that the Wadden Sea has been granted 
86

87

natural value.88

physical and biological factors that have given rise to a 

continue to function largely undisturbed.89

They have altered and used the space on the basis of what they 

The area, the landscape, as well as the sea, was shaped and still is 

natural processes.90 The regional landscape, including the 
Wadden Sea, therefore, shows clear evidence of how people 

91 One collection of such evidence is its 
shipwrecks. 

value of the area, as is also illustrated by the rich archaeological 

navigable waterway due to the large breakthrough of the North 
Sea into the area.77

heart of the Netherlands, with a strong connection to the 

point of departure and destination for voyages to the colonies in 
the East and West.78

anchored in the Roads, waiting for fair winds.79 This lively and 

currents, the shallows and poor weather conditions, earned the 
Western Wadden Sea a reputation as an area with a high density 
of shipwrecks.80

especially shipwrecks.81 The tides and subsequent erosion and 

reappear again. 

-
tion.82

seabed erosion.83

degradation processes.84 

erosion of the seabed over centuries has attracted adventurous 

area. Each and every person is strongly connected to the sea and 

85 

77 Schoorl 1999, part 1.
78

79

80

81

82

possibly an old sandbank.
83

84

85

86

87

Voedselkwaliteit n.y. 
88

89 

90 

91
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and one possible wreck (BZN 19).

turned out to be one. Initially, national protection was only 
granted to the site of the BZN 3. The process of protection 

94

BZN 2

were also found and partially salvaged. The site has been partly 
protected in situ with polypropylene nets.95 

BZN 3

De 
Rob 

96 

De Rob

-

Even nature has partly been shaped by the activities of people 

-

would prefer preservation in situ. The latter solution, especially, 

and this also counts for the wrecks that have been discovered in 
the Western Wadden Sea. 

1.6.3 The shipwrecks in the Western Wadden Sea
-

-
tion.92

The Burgzand Wrecks

research on shipwrecks in the Western Wadden Sea. Within this 

sites that are located in what is now known as the National 
93 It consists of fourteen 

92

93

94

95

96

Fig. 1.11 Site plan of the BZN 2 wreck. Figure: courtesy M. Manders/RCE.
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100

102

BZN 8101

97 It was also 

project.98

were discovered that turned out to be the hold of the ship, with 

known cluster of anchors that would have been stored in the 
hold. This part of the construction has also been protected.99 

BZN 4

97

98 

99

100

101 

Fig. 1.12 An early site plan of the BZN 3 wreck, made before the in-situ protection of 1988. Figure: courtesy RCE.

Fig. 1.13 Site plan of the BZN 4 wreck. Figure: courtesy M. Manders/RCE.
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BZN 10

jars in its hold, but also casks of anchovy and grapes. The site is 
protected in situ and has served as the focal point for degrada-

Lelie
104 

Lelie (1654). 

between the sinking of the ship and the date on the bell. The 
wreck has been physically preserved in situ.102 

BZN 9
The wreck of a seventeenth-century ship. Local divers call it the 

103 

102 103 

104 

Fig. 1.14 Site plan of the BZN 8 wreck. Figure: courtesy M. Manders/RCE.

Fig. 1.15 Site plan of the BZN 9 wreck. Figure: courtesy M. Manders/RCE.
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BZN 11
The wreck of a seventeenth-century ship. It is referred to as the 

or personal belongings were discovered. The wreck has delibera-

105 

105 106

Fig. 1.16 Site plan of the BZN 10 wreck. Figure: courtesy M. Manders/RCE.

BZN 12

106 

Fig. 1.17 Site plan of the BZN 11 wreck. Figure: courtesy. M. Manders/RCE.
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pieces of coral were also found between the ballast stones. In 
addition to the double layer of planking, this is an indication of its 
use in tropical waters.108 

BZN 15
The Burgzand Noord 15 (BZN 15) site is a shipwreck that sunk on 

shipwreck scattered across the entire area. In the south, there is 

BZN 13

double layer of outer planking, of which one had the function to 

indication that the ship was used in tropical waters.107 

BZN 14
-

107 108 

Fig. 1.18 Site plan of the BZN 12 wreck. Figure: courtesy M. Manders/RCE.

Fig. 1.22 Multibeam, site recorder data and Agisoft photogrammetry images of the BZN 17 wreck. Figure: courtesy Periplus/T.Coenen/RCE.
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found. In these two places, there is no wood in situ. In the 
northern section of this site, on the edge of an old sandbank, 

construction of a deck. This part was deteriorating very fast. It 

youngest dating).109

110 

BZN 16

ongoing erosion in that part of the Burgzand.111 

BZN 17
This wreck is probably a seventeenth-century ship, discovered by 

that a fairly well-preserved shipwreck was lying upright on its keel 

has taken place through the protective sand and even the clay 
-

112 The local divers have 

Royal British dress.113 
 

BZN 18

-

site was sanding in.114 

BZN 19
Structures of possibly yet another shipwreck were discovered 

These are the wrecks that have been discovered thus far in an 
115

1.7 Methodology and theoretical concepts

1.7.1. Underwater archaeology, maritime archaeology 
and cultural heritage management

The resources have their value but are under threat. Only by 

109 

110 

111 

112

113

114 Own observations by author. 
115

Fig. 1.19 Site plan of the BZN 13 wreck. Figure: courtesy M. Manders/RCE.
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locations of underwater heritage, the values attributed to this 
heritage and the factors and actors that threaten its survival and 

action at all. 

-

-

116

117

118 These 

are presently situated under water, be it shipwrecks, inundated 

archaeology. 

and techniques that we use to investigate the role of water and 

study of shipwrecks, but also of canals, harbours, natural water 

119 

archaeology studies sites that happen to be under water at the 

and water. The fact they are presently situated in underwater 

recent construction of lakes). 

116

117

118

investigating and reconstructing on the basis of these physical objects.
119 

Fig. 1.20 Site plan of the BZN 14 wreck. Figure: courtesy M. Manders/RCE.
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well.124

125 The current 

recent notions of nationality, religion, ethnicity, class, wealth, 

co-creation of past and present and is therefore open to 

contestation.126 

127 This 

-
120

network of sailing routes, old as well as new, with ports and 
harbours along the coast, and the related constructions and 

121 It 

and shipping activities in the broader sense and their attendant 
-

tenance.122 Moreover, it not only consists of artefacts, sites and 

-

valued highly due to traditions and potential use. 

tangible resources.123

water. Tangible heritage can, however, only be interpreted 
properly by taking its intangible aspects into consideration as 

120

121 Westerdahl 1992, 6.
122 Westerdahl 1992, 5.
123

124

125

126

127

Fig. 1.21 Site plan of the BZN 15 wreck. Figure: courtesy M. Manders/RCE.
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130 

1.7.2 In-situ preservation, protection, stabilization and 
conservation
Throughout this thesis I will discuss in-situ preservation and 

concepts.131

approach to keeping the sites at the location where they have 
been discovered regardless of any physical or legal action taken, 

process.132

prevent further deterioration and loss. This can be done by 
133 Other 

-

ensuring the situation does not deteriorate. Stabilization and 

all that is done, with no further action taken.134

-

concerning shipwrecks that are situated under water, the 

was doing there, why it was discovered when it was, and the 

threats to the site and possible future accessibility. The link with 

attach to a site. Local traditions, social connections with an area 

associated objects: the ship itself, its inventory, personal 
belongings and cargo collectively.128 Shipwrecks are thus seen 

particular those ships which sank in a singular event. Much of 

also part of a larger history. Every shipwreck has its own story (or 

part of the history of a larger area or period. They are physically 

sites can be historically connected as well. 

When we talk about sites, individual shipwrecks, we can refer 
to those as resources to learn about our past. The sites we 
know, are known resources. These known resources can be 

129 The 
unknown resources are those of which the location, nature, 
age and quality have not yet been established. The quantity 

128

129

130

131

132

opinions are not consistent throughout the literature. Often preservation is regarded 

133 

134

Fig. 1.23 The relationship between maritime, underwater and shipwreck 
archaeology. Graphic M. Manders.
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1.8 Structure of the thesis
In the following chapters, the Western Wadden Sea, its cultural 
historical richness and all the processes, factors and actors 

presence of underwater cultural heritage in the Western Wadden 
Sea. The chapter focuses on the richness of what has already 

will be investigated and its relationship with the known and also 

predict the presence of still undiscovered shipwrecks in the 
seabed will also be answered, including how we can develop a 

cultural heritage through desk top research. 

situation for a longer period.

-
-

Fig. 1.25 A diver with Surface Supply Equipment (SSE) at the BZN 10 wreck. Lots of sediment is suspended in the water. Currents take and deposit the 

Fig. 1.24 Is in-situ preservation a panacea or wonder-pill?  
Figure: courtesy M. Manders.
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challenges for the prediction process but also act as a preserver 

heritage. The known and unknown resources, particularly in the 

-

a big challenge for in-situ protection.

against change and thus the threats, we need to ask why we want 

the kind of techniques that are available will be discussed in 

underwater cultural resources in the Western Wadden Sea. 

-

the duration of in-situ protection, how we know a site will further 

We could leave sites on the seabed for future generations, or 

devoted to the question of the accessibility of sites and the 

to the public and the public to the sites? 

will be answered separately. The overarching questions: ‘Is in-situ 
preservation a viable option in the management of the underwater 
archaeological resource?’; ‘Is in-situ preservation a panacea for 

‘Is in-situ preservation the solution for cultural heritage manage-
ment in the Wadden Sea?’, will be answered here using the data 
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2. Developing a landscape approach to underwater cultural heritage

2.1 Introduction: the necessity of a new approach
For much of its history, archaeological heritage management 
has been a reactive endeavour.1 Heritage management in the 
Netherlands is no exception to this rule. Until the mid-1990s, 
recommendations on how to deal with heritage in the 
Netherlands were based on well-documented heritage 
locations, or ‘known resources’.2 Starting in 1992, these 
locations could be requested via the National Archaeological 
Database System, ARCHIS, but also via other data collections 
of variable reliability.3 However, in addition to the fact that 
some of the data were less reliable than others (especially 
with regard to the exact location of sites), it quickly became 
clear that the known heritage sites were just a fraction of the 
heritage that remained hidden underground in the 
Netherlands. This unknown or ‘potential’ heritage was 
thought to be many times larger than the known heritage.4 

their needs. We can use such links to connect individual sites and 
-

unknown sites to lie. This is the reason why a new tool, the 

By reading and interpreting the landscape we can understand 

was developed and how it can be used. 

cultural heritage we already know about. There is a lot of potential 

2. Developing a landscape approach  
to under water cultural heritage: the Historical 
Geomorpholo gical Map Set for the Wadden Sea

-
ter archaeological sites, are not easily seen and, unfortunately, are 

It is not easy to capture the known underwater cultural heritage in 

appearance and the daily use of the area in the past and present 

-

period.5 

was collected and the degree of accuracy.6

prehistoric sites (previously on dry land) are present in the area or 
not, while knowledge of the use of the water and the adjacent 

essential to the understanding of shipping and trade in the later 

1

2 

3

archaeologists (Ruggenberg 1995).
4 

chart of shipwrecks listing 53 historic Designated Wreck Sites. These only include 

protected shipwrecks (https://www.historicengland.org.uk/advice/planning/

5 

6

Fig. 2.2 Indicative Map of Archaeological Values (IKAW), 1997 version. 
Figure: courtesy RCE.
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Fig. 2.3 Archaeo-regions in the Netherlands. Figure: courtesy RCE.

8 9 

10 -

lacking, in built-up areas such as cities and villages, it was not 

11

12

with data collected via underwater archaeological observations. 

13

-

disappearing without anyone studying or even seeing it provided 

7

7

8

consideration the geological archive in general. 
9

10

11

12

13 
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archaeo-region.14

has also been drawn up for the continental plate in the North Sea 

15

could provide better predictions are entirely lacking. 

and peat. This approach can provide relatively good insight into 
the condition of prehistoric locations, as long as they have not 

habitation because it does not take into consideration the entire 

period, or the interpretation of the use of the area during the 

16

valleys.17 This knowledge helps us to predict the presence of 

about the possible cultural landscape during the period. 

are essential because they can provide insight into the potential 
heritage that has already been lost, and can therefore help rule 
out areas that do not require archaeological surveys.18 

data sets listed above, it also did not take into consideration the 

heritage, because underwater and shipwreck archaeology is very 
19

present.20

indication of the presence of cultural heritage in the ground (and, 

21 

22 
This project initially focused on producing an Indicative Map of 

Fig. 2.4 Indicative Map of Archaeological Values (IKAW), version 2007. 
Figure: courtesy RCE.

14

15

shipwrecks cannot be predicted, while the possibility that any shipwrecks have 

survived to the present can be calculated. 
16 

of the upper layers of the seabed.
17

18

since it can shed light on threats and the potential of a site.
19 

of our wallet). 
20

21 

22 
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navigated and used intensively, but fortunately it has also been 

navigational purposes.28

29 

2.2 The value of place and object

30 

take action.31 This changes the way people value cultural 
heritage.

-

taking new insights into consideration.23

parties.24

was needed and then to collect it. Secondly, due to the decentra-

-
25 Subsequently, 

roles shifted. Would it still be appropriate for the national 

had high or low value when drawing up archaeological value 

26 It 

27 

23

24

25 

26

international interests, such as the North Sea. 
27 

28

29

30

31 

Fig. 2.5 The pilot area of the Western Wadden Sea. This is the subject 
area for this thesis and the development of the HGMS. Figure: courtesy 
Periplus Archeomare/RCE.
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long as the process of valuing the object, site or area is retrace-

-

fall back for the protection of those sites that will not be assessed 

but would be assessed as such at the national level.

2.3 The method used for the HGMS

34 

The project was divided into three phases: 
Phase 1:

Phase 2:
Phase 1
Phase 3: Presenting the separate data sets, including the 

32

true for the three British battle ships (the Aboukir, Cressy and 
Hogue

33 

depending on the perspective of the person or group concerned 
and the proposed use of the object or place in the future. 

and even the general public in the evaluation process, due to the 

32

33 34 

heavily on this project report.
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Fig. 2.6 Sea-level rise according to Kiden et al. 2008.

tion.37

-

-

surface were based on the second version of the digital vector 
Atlas of the Netherlands in the Holocene.38 These 

reconstructions.39 The location of the Pleistocene surface 

knowledge.

in the soil. 

35 

accuracy, scale and location where the original data are stored.36 

consists of objective (or as objective as possible), visualized data 

categories:

1.
2.

3. Maps that illustrate the reconstructed or current use of the area

historical sources about trading routes.

-
tion. In fact, it involves several layers of subjective interpretation: 

-
-

35

digital dataset is available at: https://easy.dans.knaw.nl/ui/datasets/id/easy-data-

36

37 

38

39



hunter-gatherer societies and by early agriculturalists (starting 
44

45 

46 -

regarding the sub-surface or sub-strata, including research into 

reconstruction.40

41

reconstruct the prehistoric and historic coastlines, and therefore 
indicate the high and dry areas where habitation was possible. 

42 

-

-
scape itself.43

Yellow is dry land, white is inundated land. Figure: courtesy Vos-De Vries/Periplus Archeomare/RCE.

40This is done through interpolation between the areas where data was available.
41

42

43

44 

45 

46 
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2.3.1 Different periods, different data

therefore also possible for future researchers to add their own 

data sets.53

the data is relevant for each period. 

54

sea-level rise curve, these provide an indication of the high (often 
dry) and low (often wet) areas in prehistory and the condition of 
the surface of the Pleistocene strata (intact or eroded, and to 

cultural heritage can be located can be done on the basis of the 
55

47 as well as new interpretations of the 

on ongoing archaeological research.48 

research on land can also be used to develop a valuation and an 
archaeological indication for the Western Wadden Sea area. 

49 Since there is little 

50 Maps displaying the 
currently known shipping routes for these periods were also 
added.51 They show that the known or suspected use of the 

52 

-

47 

48 

49 

50

51

52 

53

54 

55 This is based on the theory that people settled on the higher and dry areas in the 
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2.3.2 Known sites

61

Western Wadden Sea area. We can also gain insight into the 

62

the use of the landscape (including water) will reinforce our 

interpretations.56 

soundings. This allows us to predict where cultural-historical 

their current condition based on the natural protection provided 

changing sea currents (changes in use and an indication of 

navigation, loss of archaeological potential and the possible 
current condition of a wreck), the use of the area (for trade, 

current threats and loss of archaeological potential). This data 
helps us to deduce the original (what was there in the beginning), 

predicted or recovered resources.57 

archaeological values has also been added. The known cultural-

58

separate,59

each individual set.60 

Fig. 2.9 Predictive mapping of the prehistory in the Wadden Sea (pilot area), based on the preservation of the Pleistocene layers. Figure: courtesy Periplus 
Archeomare/RCE.

56

57

58 

59

60

61 

62
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possible is preserved in its current position (in situ). The best way 
to do this is to adjust plans at an early phase. This, in turn, requires 

68 

2.4 Sources and data

heritage resources, it is necessary to work with what is already 

69 including all known physical 

-

location is known, or when we have a general idea of its location 
70

71 states that the 
data on the known archaeological resources in the ground should 

72

Predicting the likelihood of the presence of shipwrecks involves a 

palaeo-landscapes. What did the landscape look like in the past? 

these kinds of questions can we provide an indication of the 
possibility of shipwrecks being located and preserved in certain 
areas. The distribution of underwater cultural heritage, whether 

63 Moreover, 

about whether shipwrecks will be found in an area or not, it is vital 
that we are able to predict their possible presence in an area.64 

-

65

eventual discovery of a site. It is also possible to provide an 
indication of the likelihood of shipwrecks being located in places 

strata using geophysical prospection techniques on a large 
scale.66

value of the heritage located, we require other data about the 
period and the condition of the covered site.67 These can be 

63

64

65 

66 

67 

68 

69

70 

71 

72
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79

-

recorded. 

80

81 82 Many of these positions have 
83 

84

73

source for this analysis. This research searched for sites based on 

74 

observations in the Netherlands, including 544 shipwrecks.75 This 

76 

77 

cultural-historical value of the site has a very low priority. The 

78

of data collected by other organizations and individuals. 
Therefore, the quality of the data in these sets varies widely, and 

73

74

75

76

77 

78

79

https://www.rijksoverheid.nl/onderwerpen/erfgoed/inhoud/archeologie-en-

80 

81 

82 

83 

84 

recorded using UTM projection (Universal Transversal Mercator projection). Map 
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geophysical data can be incorporated as well. Moreover, it has a 

validated and invalidated data sets.88 

-
89 This will also provide input for the 

area. We should realize, however, that there is a good reason why 
we know about these locations. The techniques for underground 

a result of erosion.90

less the case for shipwreck sites, at least where the sea has 
always been relatively shallow, or with regard to larger ships, which 

85 

the Wadden Sea that has been recorded by the Ministry of 

-
86

87

85

86

including surveys under water and on the surface.
87 

88 

89 

90

Fig. 2.11 The MACHU GIS viewer. Figure: courtesy MACHU/RCE.
ARCHIS 2 data and the actual positions of the sites measured with 
multibeam sonar. Figure: courtesy Periplus Archeomare/RCE.
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94 

91 

2.5 Different databases with different numbers

area.92

-

Fig. 2.12 Known locations from ARCHIS 2, the national archaeological 
database. Figure: courtesy Periplus Archeomare/RCE.

93

three types of contacts: Wrecks, Obstructions and Possible 

91

92 

93 

94 

Fig. 2.13 Known locations based on the Hydrographic Service of the 
Navy. Figure: courtesy Periplus Archeomare/RCE/Hydrographic Service.

Fig. 2.14 Known locations from Rijkswaterstaat (Ministry of Infrastructure 
and Water Management). Note the large number of points directly west 
of Texel. These are from a natural formation of large boulders. Figure: 
courtesy Periplus Archeomare/RCE/Rijkswaterstaat.
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98 This register describes 

Fig. 2.16 Known locations from a regional database of Rijkswaterstaat 
North. Figure: courtesy Periplus Archeomare/RCE/ Rijkswaterstaat.

Netherlands also collect observations in a variety of lists and 
databases. These databases, which can be very large, contain 

99 Pandora (now, Wrecksite.eu),100

(Wraksys)101 102

-

Delta.95

96 In total, 3,393 observa-

Fig. 2.15 Known locations from the National Contact Number or NCN 
database. Figure: courtesy Periplus Archeomare/RCE.

There are also other sources that record the locations of 

digitized an analogue register of wreck data in the North Sea and 
the Wadden Sea.97 

95 The Periplus Group is a consultancy organization specialized in hydrography, 

96

97

98

99

100 Pandora.be is now known as Wrecksite.eu.
101 

Terschelling.
102 

part of the Periplus group.
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archaeologist groups, there is still a sense that the sites are 
106 

2.6 Combining data in interpretive maps 

sets with each other and start to interpret what we see.

2.6.1 Geology and geomorphology

condition, its accessibility and any threats. This section provides 

purposes:

»

»  

»

In total, 6,636 observations are known for the Western Wadden 

It is probable that a lot of the data collected will never be shared 
on a large scale and therefore will not end up in a central database 

professionals in the Netherlands, as well as other countries. 

a hazard to their preservation,103

104 Second, 

countries, others still, and by law, prohibit the publication of the 
positions of cultural heritage sites.105 

103 

104 

105 See https://www.erfgoedinspectie.nl/toezichtvelden/archieven/inhoud/

106 

Fig. 2.18 A. The currently preserved Pleistocene layers, including the 
eroded areas. 

B. The reconstructed Pleistocene surface, ignoring the erosion gullies. 
Figure: courtesy Periplus Archeomare/RCE.

Fig. 2.17 Known locations of combined amateur archaeologists’ 
databases. Figure: courtesy Periplus Archeomare/RCE.
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110

-

Fig. 2.21 Thickness of mobile layer, measured between 1925 and 2005. 
Figure: courtesy Periplus Archeomare/RCE.

107

108 

-

of the North Sea Basin, was above sea level and potentially 

least in certain areas. It is possible that well-preserved shipwrecks 

109

Fig. 2.19 The thickness of the Holocene layer. Figure: courtesy Periplus 
Archeomare/RCE.

Fig. 2.20 Areas of known depth surveys. Figure: courtesy Periplus 
Archeomare/RCE.

107

108

109

110 Sounding Grid Utility, QinSy.
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2.6.2 Historical data as an add-on for understanding

better understanding of the cultural landscape during the various 
periods. This is because the use of the landscape largely 

-

they are the starting point for navigational charts.111 These, 

landscape. Much of our knowledge of the sea and its uses has 

knowledge, often recorded in oral traditions, has been lost 
112 

sand and out of sight. 

plotted in these areas. They are also the areas where sites, 

Fig. 2.22 Maximum sedimentation from 1925 onwards and in compari-
son with 2005. Figure: courtesy Periplus Archeomare/RCE.

Fig. 2.23 Maximum erosion from 1925 onwards and in comparison with 
2005. Figure: courtesy Periplus Archeomare/RCE.

111

112



the harbours, beacons and anchorages.113

114 

but also the areas of habitation that they connected within the 

digitization of historical navigational charts which also contain 

than data about depths and currents, such as the routes used, 

major sailing routes. Figure: RCE.

113

114

sea battles have taken place, we usually see no evidence on the surface of the water. 

-

115 Westerdahl 1996.
116 See also Wang et al. 1995

Fig. 2.25A Map of the Wadden Sea by Waghenaer from 1584. A. Original map, B. the digitalized and vectorized map. Figure: courtesy Periplus Archeomare/
RCE.
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Westerdahl,115 and the presence and preservation conditions of 

purpose on a regional scale however to visualize changes that 
have occurred.

2.7 Geomorphological models

2.7.1 Basic geomorphological models

116

layer of sand.

purposes) and the accuracy and resolution of the data:

1. 
2.
3. 

117 

use of the landscape in this period.
118

119

120

121 

122 

Batavian Republic. 
123

as navigational aids and, therefore, details of water areas, such as 
depth soundings and shoals, are only sporadically illustrated and 

117 

2.7.2 The period 1584–1852

118 the 1649 
119 120

Sepp,121 122

123

Fig. 2.27 Series of historic maps by (A) Pieter Goos (1666), (B) J.C. Sepp 
(1777), (C) British Admiralty (1799) and the Chromo-topographic military 
chart of the Kingdom of the Netherlands from 1850.

Fig. 2.26 Historic (non-navigation) maps of the Wadden Sea by Jan van Scorel 
(c. 1552) (left) and Christiaan Sgroten (right) (Delineatio Sinus Meridionalis 
Maris, Vulgo De Zuyder Zee; Phrisia occidentalis, et Watterlandia, 1573).



130 

indicate the depths of the sailing channels and the navigational 
aids at sea,131 while shoals were a threat to shipping and were to 

Waghenaer based the charts on his own observations and 
124

shifted to other locations.125

the degree of drift and the sea currents.126
127

128 Taking this into 

between the calculated position and the actual position. This is 

129 -
fore, needed to be digitally georeferenced, vectorized and, 

124

125

126

127

128

129

projection for nautical purposes because it represented lines of constant course as 

130

131

Fig. 2.28 Series of digital maps of the pilot area from 1584 (after 
Waghenaer), 1666 (after Goos), 1777 (after Sepp), 1852 (after Hulst Van 
Keulen), 1948 and 2005. Each subsequent map shows more detail due to 
the increasing resolution of the data. Figure: courtesy RCE/Menne Kosian.

Fig. 2.29 Original map of the Zuiderzee and Waddenzee by Hulst van 
Keulen (1852).
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2.7.4 The period 1975–present

-

138 

Fig. 2.31 The pattern of zone soundings in the southwestern part of the 
Wadden Sea near Texel and Den Helder. Figure: courtesy Periplus 
Archeomare/RCE.

2.7.3 The period 1852–1975

132 133 

134

soundings in the current Western Wadden Sea and the 

135 

1. Digitization of original soundings
2. Digitization of original depth contours
3.
4.

The values converted to RD136

Works. This involved drawing vertical and horizontal lines on the 

square was calculated. These values were then interpolated to 

-

137 

132

nineteenth century. 
133

134 

316.

135

136

137 

138

Fig. 2.30 Digitalized and vectorized map of the Zuiderzee (from Hulst van 
Keulen, 1852). Figure: courtesy Periplus Archeomare/RCE.
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140 

sources and disturbance depth are recorded.141

categories.

2.8 Known and allocated areas for disturbances

building purposes.139

data can be used to inventory the current disturbances of areas 
of interest based on geological and historical data. This is in turn 

Fig. 2.32 Disturbances in the Wadden Sea pilot area. Figure: courtesy Periplus Archeomare/RCE.

139

140

141 

Type Description Degree of disturbance
Dredging areas

to a certain depth

beachheads

pipelines
Trenching and burying cables and pipelines

during harvest

breakwaters
Shell collection Shell collection through suction

Table 2.1. Overview of the known disturbances in the Dutch Wadden Sea.
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that, in certain areas, such as the highly erosive zone of the 

144 -

145 

146

has its own degree of accuracy and detail. The earliest historical 

disturbances which cover the entire Dutch Wadden Sea area.

2.9 Refinements

142

not shown.

Fig. 2.33 The current maps based on the Pleistocene surface data are 
‘stepped models’. Ultimately, it would be better to have a more gradual 
model. Figure: courtesy Periplus Archeomare/RCE.

original or the interpreted data. 

-

Wadden Sea region.143

above, this was not yet available. 

142 

143 

144 

145

146 

Fig. 2.34 Core density in the pilot area as registered in DINO. Figure: 
courtesy Periplus Archeomare/RCE/TNO.
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153 

There are also several studies under way that deal with the spatial 

154 These studies will 
certainly result in new insights that can lead to a better under-

better understanding of the culture landscape during the various 
periods. The integration of historical geographic studies on land 

additional knowledge. 

2.10 Conclusion
-

created and can still be found. Objects are purposely or accident-

these processes is the key to the biography of a place. With that 

the step to predicting the chances of cultural heritage being 
found in other places and zones of the seabed. To do so, we need 

147 

recorded in these sections were not taken into consideration. 

areas.148 

149

included because they were only recently rediscovered. 150 

dating also works for sand that has been deposited under 
water.151

The known underwater cultural heritage resources can also 
provide an indication of the possible presence of other objects. 
The known resources in the Western Wadden Sea area are fairly 

that nothing has been found over the past few decades. 

152 By educating 

147 

148 

149

150 

archive) are currently being validated by Deltares and will then be added to the DINO 

database.

151 

152 

153

154 
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research questions and added to national and international 
research agendas. 

necessary to preserve heritage, and where is this unnecessary 

preserve our underwater cultural heritage. 

155 By 

156 

when it was collected, the original purpose of the data, the 
reason for the collection and the processing that the data set has 
undergone. 

-

resources. We will then also be better equipped and better 

reason why the Dutch waters were initially not included in the 

focusing on creating an Indicative Map for the Western Wadden 
Sea, another direction was taken. This was not only to avoid 

and quantity of heritage in the area. 

to include data that had not been available until recently, and 

-

period, logical reasoning and historical interpretation. This 

155

156 This also facilitates the entrepreneurship and client-orientation that are guiding 
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3. Threats to underwater archaeological heritage

3

fastenings, cannons and anchors.
4

3.1 Introduction

the possible presence of cultural heritage in the Wadden Sea 

-

-

1 -

that heritage. 

When we look into the question of what is threatening our 

threatening? The integrity of the site? The condition of the 

of the threat on the future of the site.2 

Previously, we have focused on landscapes and the relationship 
of individual sites to the landscape. Threats to underwater 
cultural heritage often have a regional character. They have 

alterations in its properties. These changes occur at a cellular 
level due to hydrolysis, bacterial and fungal attack, and on a 

between processes within the seabed and those above the 

3 

The various deterioration processes also interact. Microbial 

versa. 

described. The focus will be on the processes that have been 

when professional underwater archaeology in the Netherlands 

archaeologically involved in wreck sites in this area.4

3.  Threats to underwater  
archaeological heritage

1

should be recognized by all stakeholders, whether they are in favour of the 

preservation of underwater cultural heritage or not.
2
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11

12 

13

14 

sea. 
15

5

fastenings, cannons and anchors.
6 MoSS: Monitoring, Safeguarding and Visualizing North-European Shipwreck Sites: 

7

8

9

10

processes of degradation on the Burgzand5

these tests and was collected during European projects: the 
MoSS project,6 7 8 
WreckProtect project9 10 

-
tion of archaeological sites, and wooden shipwrecks in particular, 

with a focus on the Western Wadden Sea.

3.2 Mechanical deterioration

site.11

and physical processes around shipwreck sites, such as scour and 

can destabilize and uncover a site, leading to the rapid loss of 

of the site. 

situ preservation.

3.2.1 Currents

12 In rivers, currents are caused by 

their transport by currents, sand particles can have an abrasive 

heavier (and larger) the particles that can be displaced. Wood 
-

structures but destroys all the details on the surface of the 

13 

features.14

15 

threat to underwater cultural heritage due to the fact that it 
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24

25 -

26

27

28

16

17

of the rigging, including rope, were surfacing the seabed. These objects would have 

18 Baron Van Pallandt van Rozendaal 

19

20

21

22

23

26

been located within the area.27

focus of discussion in this chapter (and in fact the thesis). It is by 

European projects have been undertaken in this area. The 
individual wrecks of the Burgzand area will be described in 

the Western Wadden Sea, with its core consisting of the 

-

navigable inner sea in the twelfth century, especially due to a large 
channel running north-south that is already visible in the data on 

28

Wadden Sea is now subject to, are not so old. This is largely due to 

Sea, the coastal zones and the Delta area of Zeeland.16

sites have clearly been discovered not long after being unco-
vered,17 18 

the water by building dikes, bridges, dredging and other ways of 

19 

current.20
21

22

23 The 

24

the Wadden Sea is 4 knots near the entrances to the North Sea 
and less further inshore and on the shallow banks.25 The higher 

abrasion on site. 
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38 Including invasive species.
39 

Section 3.5.
40

29

30 Ibid.
31

32

33

34

35

36

37 

29 Now, water 

3.2).30 In the Western Wadden Sea, the tidal range also changed 

the construction of the two dikes. This tidal increase led to the 
destabilization and shifting of sandbanks, which is still causing the 

31 

32 This change is causing 

further erosion of the seabed in the Burgzand area, although this 
relationship is not indisputable.33 

considerable change in seabed depth has obviously caused the 
34 and this 

35

36

37 

introducing new degrading species,38

stability is what is needed for in-situ preservation of archaeologi-
cal sites.39

40 The salinity recorded on 

41

Fig. 3.3 Sluice gates in the Afsluitdijk. Photo courtesy RCE.

Fig. 3.4 Data logger on the BZN 10 site. Photo R. Obst/RCE.
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Fig. 3.5 Graphic: Salinity vs Time on the BZN 15 wreck. Figure: courtesy 
RCE.
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45

46

47

48

49

50 

51

does not show a strong correlation. 
52

41

42 -

43 

44

50 The change in strength of the acoustic signal 

MoSS project. It functioned, therefore, only for a short period of 
-

51 

52

42 

around objects in the seabed.43 These local currents create scour 

44

attack by Teredo navalis

be responsible for loss of integrity of the site, but also loss of 

Much research has been done on the local erosion patterns 
around obstacles on the seabed, such as shipwrecks, but also 

45 -
46 Turbidity refers to 

47 The data logger was 

48

strong correlation between the tidal cycles and when the 

49 The data logger showed that 

in the last phase of the ebb tide.

Fig. 3.6 Eddy currents cause local scouring on shipwreck sites.

locations. Figure: courtesy Periplus Archeomare/RCE.
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53

54

55

56 

57

58

59

60

61

62

63

64 

65

66

67

68

69

3.2.2 Swell and waves 

-
53

54 The 

site and even redistribute the objects. Uncovered archaeological 
-

tion, such as the Teredo navalis. 

55 The 

Zuiderzee) are especially vulnerable to wave erosion.56

the Wadden Sea and the coastal zones of the North Sea are also 
57 Shipwrecks are often 

located in shallower areas, as the dangers of running aground 

58

59 

60 

3.2.3 Surf

high-energy zone and thus hostile to sites.61

to swell or wave action. Usually, cultural heritage located in surf 
zones is heavily eroded. The constant waves cause protective 

Avondster in Sri Lanka62 and 
that of a possible Dutch shipwreck found in Portuguese waters.63 

3.2.4 Ice

64

creates an irregular surface, not only above but also under water. 

65 

dense suspension of frazil.66

67 and ice 
68

69

Fig. 3.8 Two multibeam recordings executed only 5 days apart (10 and 15 
November 2011) revealed the movement of large sand ripples on the 
seabed near the BZN 3 wreck. Figure: courtesy Periplus Archeomare.
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75

76

77

78

79

80

81

82

erosion patterns throughout the decades, but also the erosion of the Pleistocene 

70

71 In addition to erosion, two further processes contribute to the decrease in bed-level 

seabed as erosion.
72

73

74

75

constant erosion of the seabed. Since the building of the 

76

project.77

the Pleistocene layers are to ensure the good preservation of 
shipwrecks, as would have been suggested by the previously 
developed theory.78 

79

80

-

81 

-
82

3.3 An example: erosion in the Burgzand area

action on the Burgzand area,70

processes.71

activities have been found. The seabed is ever changing and sites 
are considered unstable.72

one year.73

74

Fig. 3.9 Stable and well-preserved areas (in yellow) in the Western 
Wadden Sea. In blue the eroded areas. Figure: courtesy Periplus 
Archeomare/RCE.
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85

86

83

84

83 

to have slowed considerably, if we look very carefully at the actual 
84 These sites are quite stable due to the in-situ 

usually continue to erode.85

BZN 2

cannons.86

Fig. 3.10 Disturbed areas due to erosion and other ground penetrating activities in the pilot area of the Western Wadden Sea. Figure: courtesy Periplus 
Archeomare/RCE.

Fig. 3.11 The shifting of the Texelstroom (Texel gully) from 1925 to 2005. 
Figure: courtesy Periplus Archeomare/RCE.

have observed that parts of the protective nets have disap-
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91

92

93

94

87

88

89

90

BZN 3

87 It was 

1991.88 

-

89 
The erosion around the net continued in subsequent years, and 

deal of sand caught in the nets. On the eastern side of the wreck 

90 -

one year after the covering was applied, the bow section also 

erosion pits were visible, probably due to bad connections 

deposition had occurred.91

shipwrecks) can have, not only on the surrounding seabed, but 
also on other sites in the area.92

-

-

93

-

94 

Fig. 3.12 Compilation of BZN 2 erosion-sedimentation history. Two 
multibeam recordings for comparison: one from 2012 and the other 
from 2016. Figure: courtesy Periplus Archeomare/RCE.
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96

97

98

BZN 4
The Burgzand Noord 4 (BZN 4) wreck is that of a possible West 

95

96

Fig. 3.13 A, B, C Compilation of BZN 3 erosion-sedimentation history. (A) Two multibeam recordings from 2004 and 2016 compared, (B) A side scan  
sonar image from 2016 and (C) Burial history of the site. Figures: courtesy Periplus Archeomare/RCE.
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Fig. 3.14 A, B Compilation of BZN 4 erosion-sedimentation history. (A) Two multibeam recordings from 2005 and 2015 compared, (B) Burial history of the 
site. Figure: courtesy Periplus Archeomare/RCE.
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105

106

107

108

109

110 

99

100

101

102

103 

104

BZN 8

galliot De Lelie
99 The 

100 

-
tion nets. Before the physical protection was put in place, the 

101 

-

west side, the edges of the protection nets were covered with 

102 

-

-
103 

BZN 9

104

105 -

106 

BZN 10

century trader.107

108 Subsequently, the protection has been 

109 

produced for the MoSS project and focused only on this wreck 
site.110 The physical protective nets are clearly visible in the 

features were already protruding, including one cannon to the 
north of the site. On the edges of the nets, on the north, south 

areas with clear signs of strong erosion, archaeological features 
were also surfacing on the seabed. 

Fig. 3.15 A, B Compilation of BZN 8 erosion-sedimentation history. (A) Two multibeam recordings from 2003 and 2015 compared, (B) Burial history of 
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-

outside the protective nets had deepened severely. 

Fig. 3.16 A, B Compilation of BZN 9 erosion-sedimentation history. (A) Two multibeam recordings from 2007 and 
2015 compared, (B) Burial history of the site. Figure: courtesy Periplus Archeomare/RCE.
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Fig. 3.17 The multibeam 
monitoring is possibly the 
longest measured sequence on 
a wreck site: from 2002 to 2016. 
Figure: courtesy Periplus 
Archeomare/RCE.



115

116

117 

118 

111

112

113

114 

protective nets.111 

112

-

net edges, which are vulnerable to underscouring, and for 

113 Sand has been deposited in between the 

thereby protecting the edges of the nets. The fronds also slow 

114

115

-

-

-

116 

-
-

117 

BZN 11
The Burgzand Noord 11 (BZN 11) wreck was probably a seven-

118

for the other wrecks in the area. 

was a strong erosion gully on the south side of the wreck. By 

Fig. 3.18 A, B, C Compilation of BZN 10 erosion-sedimentation history. (A) Two multibeam recordings from 2003 and 2015 compared, (B) A side scan 
sonar image of the BZN 10 wreck site from 2016, (C) Burial history of the wreck site. Figure: courtesy Periplus Archeomare/RCE.
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BZN11 Zdif
-6,16 3,4
-6,25 3,2

-9,56 3,6
-6,12 4,3

3,1
2,6
2,5

-9,36
-9,34 1,6

2,4
-9,45

1,2

121

122

119

120

-

In general, the wreck appears to be slowly disappearing, probably 
because it is falling apart. Evidence of this can also be found in the 

currents) had disappeared.119 

onwards the wreck would have eroded gradually, and since its 

120 

BZN 12
The Burgzand Noord 12 (BZN 12) wreck, a seventeenth-century 

121 was recorded with 

122 

Fig. 3.19 A, B Compilation of BZN 11 erosion-sedimentation history. (A) Two multibeam recordings from 2003 and 2015 compared, (B) Burial history of 
the wreck site. Figure: courtesy Periplus Archeomare/RCE.
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-5,00
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Fig. 3.20 A, B Compilation of the BZN 12 erosion-sedimentation history. 
(A) Two multibeam recordings from 2012 and 2015 compared, (B) Burial 
history of the wreck site. Figure: courtesy Periplus Archeomare/RCE.

Fig. 3.21 Compilation of the BZN 13 erosion-sedimentation history. Two 
multibeam recordings from 2012 and 2015 compared. Figure: courtesy 
Periplus Archeomare/RCE.



123

124

125

126

127 

128

BZN 13
The Burgzand Noord 13 (BZN 13) wreck, a seventeenth-century 

to the north of the site had sanded in. This process had conti-

123 

BZN 14
The Burgzand Noord 14 (BZN 14) wreck, a seventeenth-century 

124 

125 

BZN 15

1999. It consisted of partly disarticulated ship parts and cargo. 

was dated to the seventeenth century,126 and was recorded with 

recorded iron rods. The area itself is deepening, which is also 

127 

BZN 16

16) wreck (a seventeenth/eighteenth-century shipwreck) area 

however, no evidence of any shipwreck was found in a radius of 

location was not accurately recorded or the wreck parts had 

128 

BZN 17

Fig. 3.22 Compilation of the BZN 14 erosion-sedimentation history. Two 
multibeam recordings from 2012 and 2015 compared. Figure: courtesy 
Periplus Archeomare/RCE.

Fig. 3.24 One multibeam from 2015 of the BZN 16. The wreck is not 
visible. Figure: courtesy Periplus Archeomare/RCE.

Fig. 3.23 Compilation of the BZN 15 erosion-sedimentation history. Two 
multibeam recordings from 2012 and 2015 compared. Figure: courtesy 
Periplus Archeomare/RCE.



132129

130 

131

have been done by local diving groups. This site disturbance is 

have appeared in the centre of the wreck site.129

of physically protecting the site 130

BZN 18

been severely attacked by Teredo navalis

shortly after the appearance of the wreck at the seabed surface 

131 This, 

132 

 Fig. 3.25 A, B, C Compilation of the BZN 17 erosion-sedimentation history. (A) Two multibeam recordings from 2011 and 2015 compared, (B) A side scan 
sonar image from 2016, (C) Burial history of the site. Figure: courtesy Periplus Archeomare/RCE.
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Fig. 3.26 A, B Compilation of the BZN 18 erosion-sedimentation history. (A) Three multibeam recordings from 2004, 2014 and 2016 compared. This 
comparison shows us how dynamic a site can be over a short period of time. (B) Burial history of the site. Figure: courtesy Periplus Archeomare/RCE.
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139

Mary Rose 

Mary Rose

Services, a partner in the MoSS project.
140

141

133

134

135

136

137 See also Section 3.1.
138

3.4 Some conclusions about the seabed morphology

described above, as well as a potential threat to other, as yet 

shipwrecks. On a larger scale, we see that the currents and wave 

course, opening up new areas which threaten the cultural 
heritage. These areas are the Burgzand, Vogelzand, Scheer, 

the entire area is stable once again.133 

-

of the wreck itself causes local eddy currents that can cause 
scour and erosion pits in and around the site. The in-situ 

places will cause strong erosion patterns. Nevertheless, due to its 

3.5 Biological threats

3.5.1 Introduction
-

ration, there is also a biological threat, with wood being especially 

While specialized fungi and bacteria are able to degrade wood for 

occur above the seabed and those within the seabed. Within the 

seabed disturbance due to bioturbation and, therefore, introduce 
134

In the light of this basic knowledge about biological deterioration 
of archaeological wood under water, a series of European 
projects were designed, in which tests were conducted and the 

135 This also 
136 

137

seabed to investigate degradation in aerobic conditions, and also 
in the seabed (actually on site) to investigate degradation in 
anaerobic conditions.138

Quercus sp.) and pine (Pinus sylvestrus) and 
archaeological wood (also oak: Quercus sp.

139

140

141 
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the wood samples for measurements in the water column (aerobic 
samples). Photo: R. Obst/RCE/MoSS project.



145

142

143

144

143 
-

cal deterioration processes. 

144 Tunicata, Actiniaria, 
Mollusca, which use the wood and also other natural and 

-

145

Fig. 3.28 PVC pipes at the BZN 10 site with wood samples to measure 
the decay in the sediment (anaerobic samples). Photo: R. Obst/RCE/
MoSS project.

The blocks that were used to investigate the anaerobic environ-

142 This fabric consists of 96% cellulose, 

cellulose degrading bacteria and fungi.

3 and BZN 15.

chapter. 

3.5.2 Above the seabed 
There is a lack of natural hard substrate habitats in the oceans of 
the world, including Dutch waters. Therefore, when a ship sinks to 

Fig. 3.29 Shirley textile samples to measure the deterioration of cellulose 
in the anaerobic environment. Photo: MoSS project.

Fig. 3.30 Anemones growing in abundance on the BZN 11 wreck site. 
Photo: RCE/M. Manders.

Fig. 3.31 An Iberian jar, part of the cargo of the BZN 10 ship, with a woven 
basket that deteriorated due to the currents and the crabs. Photo: RCE.
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Teredo 

navalis

Teredo navalis

153

154

155 

156 The adults can retract into their burrows. 
157

146

147

148

149 Turner 1966.
150

151

152

Teredo navalis individuals can survive in water 

-

3.5.3 Within the seabed
-

nated. Bioturbation by invertebrates, wave action or other 

downwards.147

conditions.148

-

layers.

3.5.4 Different environments, different degradation 
processes

Wood-boring bivalves

Teredinidae and Pholadidae
constitute the suborder Pholadina of the Eulamelli branch of the 
order Myoida.149

relatively short period in search of wood.150 

inside the wood.151

water in their burrows for respiration to survive. Nevertheless, 
they can seal their burrows for several weeks if the surrounding 

152

Teredo navalis

-

Teredo, at least 

for the Wadden Sea. 

153

lower is lethal to the larvae.154

155

156

3.33).157 

Fig. 3.32 Teredo navalis or shipworm. Photo: courtesy National Museum Denmark.
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162

163

164

165 

158

159 

160

161

158

In Teredinidae

structures at the posterior end called the pallets. These are used 

159 

The average length of an individual Teredo navalis
160 161 

162 It 
avoids joints and knots and turns around when 

always easy to detect by eye, especially under 
water. 

Teredinidae

supporting structure helps to hold the piece of 

is severely reduced. Such infested wood is very 

The infestation and consequently devastating 

163

164 

165 In addition, the Teredo

Fig. 3.33 Table with parameters for adult and larvae of the Teredo navalis 
to survive. Figure: courtesy WreckProtect Project.

Fig. 3.34 Wood from the BZN 18 site completely eaten and crumbled due 

Fig. 3.35 Historical print of the devastating shipworm attack on quays and dikes in the 
Netherlands in 1733.



171

172

173

174 -

166

167 

168

169

170

hunebedden
the coast in the north of the Netherlands, rather than the 

166 

-

167

168

also often thought that the Teredo is an invasive species, 

early as the Eocene.169

-

Until recently, the Baltic Sea was free of Teredo navalis. This is one 

years Teredo navalis
shipwrecks and harbour installations have been recorded in 

170 This is 

the North Sea into the Baltic Sea and possibly also due to an 
171 Research 

in the WreckProtect project revealed that although there is a real 
threat in the southern part of the Baltic Sea, large areas to the 

172 Fig. 3.36 A pamphlet showing the threat of shipworm in the Baltic was 
produced in the EU WreckProtect project. Figure: courtesy WreckProtect 
project. 

173 These, 

174 

Fig. 3.37 The OVM 14 is a well-preserved shipwreck with high upright construction in the Oostvoornsemeer (Oostvoorne lake). Photo: courtesy 
Kuyvenhoven.



wood from one of the Oostvoornsemeer wrecks that is completely infested by shipworm. Photo: P. Paalvast/RCE.

179

180 

181

182

183

184

185 

175 

176

177 There was recent attack, with live Teredo navalis

178

water lake.175

176 Subsequently, 

177 This was the start of intensive research to investi-

shipwrecks in this area.178

Teredo navalis 179 

living Teredo

Teredo has been found to 

suggest why it should not be present at greater depths. The site, 

One Teredo navalis
year.180

Teredo navalis. This was 

had been heavily attacked.181

were generally less attacked.182

shipbuilders used to add to ships that were going to the tropics. 
Was the choice only based on the price of the wood or were they 

 
are high.183

Crustaceans 

Limnoria, 
Sphaeroma 184 These crustaceans are collectively 

wood attacked by gribbles often develops an hourglass-shaped 

deeper waters.185 Limnoriidae, cellulose is degraded 

Sphaeromatidae, which does not ingest wood, break down the 

that of Teredo navalis

Fig. 3.39 Gribble. Photo: courtesy National Museum of Denmark.
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202

203 

204

content, no nitrogen, is low in phosphorus, low in base cations, low in sulphur and with 

The surrounding water is alkaline, contains no dissolved organic carbon, is low in 

is high in base cations, high in sulphate and high in iron. The water has a high 

alkaline, very low in carbon content, no nitrogen, low in phosphorus, low in base 

alkaline, with no dissolved organic carbon, low in nitrogen, low in nitrate, no 

186

187 

188

189

190

191

192

193 

194

195

196 

197

198

199

200

201

of the wood. Gribble requires an aerobic and saline environ-
186

in the Wadden Sea.187

Micro-organisms 
Specialized fungi and bacteria degrade wood in all types of 

Ascomycetes and Fungi imperfecti
soft-rot decay.188

189 
-

190 Wood 

191 Wood that is 

192 It is then present in the 
outer layers of the wood. Other fungi such as white-rot and 

193

194 

195 

BZN 3 and BZN 15 wrecks were colonized by fungi.196

bacterial degradation can be found.197 Two types of bacteria have 

tunnelling bacteria.198 

199 little was known about their 

successfully isolated or cultivated in pure cultures.200

201 Tunnelling bacteria are 
active in seawater conditions202 but require higher concentrations 

layers of non-buried wood, whereas erosion bacteria are able to 
degrade wood under near anaerobic conditions, including interior 

203 

204 The wood 
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212

213 

214 

215

216

217 

205

206 

207 

208

209

210

211

205 

206 

detected in both.207

tissue in the wood being rare. Sapwood, if present, was always 

and208

and 15 sites only consisted of sawn heartwood, but in all pieces a 
gradient in the degree of degradation was still found (severe to 

209 

Vrouw Maria and Darsser Cog

wreck (saline).210 -

concentrations of hydrogen sulphide produced by sulphate-
211 

-

212 

213 and therefore have to 

erosion bacteria.214 -

severity of degradation by erosion bacteria.215 This is an interes-
ting hypothesis and, although laboratory tests have been 

216

217

-

sensitive to abrasion, scouring, warping, cracking and even 
disintegration during drying out. If archaeological wood needs to 

surface locally.
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220

221

222
2 2 2 4

2

223 

224 

225 

218

219a

219b

Teredo degradation. While the latter can destroy features and 

218

3.5.5 Some conclusions on the biological threats
Biological deterioration of wooden shipwrecks is a continuous 

deterioration varies. While deterioration by Teredo navalis is 

deterioration of wood. 

3.6 Chemical threats

219a

-

natural changes in the seabed trigger new reactions that cause a 

on historic sites. 

shipwrecks that were buried under reducing conditions within 

-
119b -

Vasa, a warship in Sweden, the Mary Rose in England, the Batavia in 
Ventjager 

wreck and Roompot wreck in the Netherlands.

2

220

and iron. In fresh water, little sulphate is available, so pyrite will be 

but will be in shorter supply elsewhere inside the wood.221 

-

222

Mary Rose and the Batavia
223 There 

precipitates were observed224

225 The presence of pyrite was 
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232

233 The only part of the portside of the ship that has survived was investigated, 

234

226

227

228

229

230

231

226

227 

3.6.1 Some conclusions on the chemical threats

on historic sites. 

corrosion. This is also active in the Wadden Sea, especially with 

when wood is salvaged and needs to be conserved. The results 
of this process have been noted in large conservation projects 
such as that of the Vasa and the Mary Rose.

3.7 Human threats

228 This is a direct threat to 

salvaging and even opportunistic souvenir hunting by recreatio-

regarding perceptions and opinions of underwater cultural 
heritage and its preservation in situ, they probably only pose a 

229

1.
2.
3.
4.
5.

3.7.1 Looting, commercial salvaging and souvenir 
hunting

-

230 Treasure 

-

231 

between treasure hunting, looting and souvenir hunting. They 

Lutine 232 The various activities 

history, beginning right after the disaster. This case, therefore, is 
interesting in the sense that, over the years, salvaging on a site 

-

233 and the Buytensorgh 234



93

3. Threats to underwater archaeological heritage

243

or even unintentionally connected to a wreck because the story has to be enhanced 

244

235 

236 

237

238

239 

240 

241 

242 

235

Lutine

236 

237

Lutine,238

239 In recent years, 
research has been conducted on site to gain an understanding of 

240 New 
plans are being developed.241 

241 

be the direct disturbance of any particular archaeological site, but 

being destroyed. Working on wrecks, telling their stories and 

243

Kerwood Aboukir, 
Cressy Hogue (1914).244 In the Wadden Sea, bricks, 

Fig. 3.40 The only surviving piece of the portside of the Scheurrak SO1 
wreck. This piece was cut out of the structure, most probably immedia-
tely after sinking at the end of the sixteenth century.

Fig. 3.41 The Karimata, a large tin mill that was used for dredging the 

found, the mill failed overall, destroying large parts of the still surviving 
structure of the wreck. Photo: courtesy D. Bruin.
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-

251

252

253

254

245

246

-

247

248

249

250

leather and tropical hardwood are also known to have been 
245

all shipwrecks discovered in the Wadden Sea. It is not always bad 

the seabed.246 Other objects have been dug out, with severe 

247 The looting or 

248

249 

there. This territoriality can occur on a private or group level.250 

Dutch Wadden Sea coast251

the Wadden Sea.252

other words, a warning not to interfere with their history and past, 

253 

254
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262 

263

264 

265 

266 -

267 

268 

269

Wadden Sea. 
270

271

272 

255

256 

-

257

258 

259 

260 

261

and what not.255 Nevertheless, people are still required to report 
256 and intrusive activities are prohibited without an 

257 -

have to prove that intrusive activities have occurred on a 

only be proven if it was visually observed.258 This has changed in 
259 It is 

cultural heritage on the seabed, which we have seen in the past.260 

3.7.2 Farming and fishing

(Zostera marina and noltii
261 This seagrass 

disappeared in the Dutch Wadden Sea262 due to disease263 and 

species is being tested.264 In addition to its attractiveness for sea 

265 

Cerastoderma edule Mytilus 

edulis

266

intrusive on the top layer of the seabed and although its negative 

267 

268

erosion of the seabed.269

270 

seabed. Mussel seed capture installations (MZI) have now been 

271

Wadden Sea, the anchors proved not to be strong enough, and in 

272 In addition to the intrusive driving of the poles into 

seabed is still the subject of research. Monitoring of the areas 
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273 

274 

275

276 -

277

278 visafslag

279 

280 

281 

282 

changes in the seabed surface.273

of MZIs that should be further investigated is growth in the 

large MZIs.274

in-situ preserved shipwrecks as places to install these MZIs.275 

276 but in other 
areas, which are often subject to seabed erosion and which 

277 The trawling nets disturb the seabed 

278 In-situ 

279 On a worldwide scale, 

280 

3.7.3 Dredging and development works
It is clear that although the Western Wadden Sea is part of a 

waterways.281 These areas, however, are usually already disturbed 

-
asing. This increases the pressure to dredge deeper channels, 
with consequences for hidden cultural heritage resources. 

result.282

Fig. 3.42 The Burgzand area with mussel seed installations (MZIs) in the background. Photo: M. Manders. 

Fig. 3.43 Sumwing trawling gear. Photo: Paul Voorthuis, Highzone 
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290 -

ties have declared they have included underwater cultural heritage in their heritage 

291 

283 

284 This process of degradation was noted at the shipwreck site of the Ranger in Port 

285 

286 Lustgrabung

287

288 

289 

the island coastlines using dikes, which do not allow the coastli-
-

283 

3.7.4 Archaeology

-

local eddy currents and the scouring of, or attack by, degrading 

the deterioration of areas that have been stable for centuries.284

Without clear and well-founded research questions, we will not 

project will certainly lack direction.285

reduced to Lustgrabung
286

3.7.5 Perceptions threatening underwater cultural 
heritage

287 The Wadden Sea 
is not a popular sports diving place. Low visibility under water, tidal 

288

289 

-

290

291 In addition, 
-

Archeomare/RCE.
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296 292 

293

294

295 

-
292 This 

-

293 

public wants to see and feel its past.294

with responsible in-situ preservation policy.295

296 

3.7.6 Some conclusions on human threats

years, decades or even centuries after the fact. The Wadden Sea 

-
nical deterioration of underwater cultural heritage over a long 

over the long run, by causing a change in scour or erosion 
patterns around shipwrecks and other features. Even archaeolo-

neglect of the resource. 

3.8 General conclusions on threats

underwater cultural heritage thrives better under stable conditi-

in the Wadden Sea. This process is a catalyst for biological and 

Teredo navalis

but slow process of deterioration. Treasure and souvenir hunting 

biggest threat. 

-

taken into consideration when protecting a site in situ. One 

shipwrecks in the Wadden Sea, even if this is at least partly true. 

heritage is the fact that it is generally not visible, or barely so, 
especially in the Wadden Sea. It is not always easy to see the 
advantages of having such a rich resource that can tell us about 

responsible for destroying an underwater archaeological site is 

continuing for decades or even centuries. Those responsible for 
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4. Why preserve underwater heritage in situ?

4.1 Introduction
-

chapters, the Wadden Sea is a hostile area. Seabed erosion, 

1 with the 

2 The basic reason for this is often 
universal and applicable to terrestrial as well as underwater sites. 

dive the Wadden Sea (and are often strong voiced), to be enjoyed 

3 

This chapter starts by outlining a general idea of what in-situ 

answer to the question of why we should undertake the in-situ 
preservation of our underwater cultural heritage sites, while also 

4.2 What is an in-situ site and what is part of it?
4 

5

-

to inhabit6

has not been altered through post-depositional processes.7 

the current situation, including the post-depositional processes, 

4 

5 

6 

7 

-

1

2 While doing research for this thesis, I noticed that the archaeological dictionaries 

Archeologische termen en technieken

Dictionary of Archaeology

3 

4.  Why preserve underwater  
heritage in situ?
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defence batteries were built, as well as other defences at the entrance to prevent 

Royal Oak

back to the two world wars, they can be interlinked with each other through the history 

8

9

10

11

12

13

14

15 

16

-

found by archaeologists have been placed there by the last 

which they are now found.

-
tically related to shipwrecks located under water. Binford stated 

8

9 This is, 
however, largely what research on individual shipwrecks quite 

navigation or a battle at sea) and are thus seen as part of an 
-

ship barrier and been subject to post-depositional processes. 

often under water than on land.10 

the archaeological record in the state in which it is available to 
11 12 

-

the original situation. The ability to reconstruct the past depends 

13 

-

14 Essential to 
this is a thorough understanding of post-depositional processes 

activity.15 

changes to and interventions in the landscape on individual sites 

archaeology, which does not focus on singular sites, but on 

16

of where a site begins and ends and thus also whether it is 
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20 

(EZ) and Defence (Defensie) are also involved.
21 

22

23 

17

18

Mediterranean. 
19

is a wreck site considered to consist of only the visual construc-

17

18 

-
strative boundaries and the questions raised in research.19 

-

period or are we interested in the long sequence of use, with its 

protecting the Burgzand area as a whole. Is it because of its 

narratives we want to investigate and/or keep and what not? 

20

-

-

archaeology,21

-

on site. What these others (other than archaeologists and 

on the value they attach to the site or the area.22 

stakeholders involved would like to investigate, preserve or use in 

23

4.3 Different views on in-situ preservation 

reason for the initial widespread acceptance of the Valletta Treaty 

and of interest to those who are liable to pay. 

of opportunities to learn about the past by undertaking intrusive 
research on site. 
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2524

-

stabilization. 

question: Why do we want to preserve sites in situ? While 

addressing this question I hope to reach the core of the reason 

planned construction in, or use of, the area and the possible 

There is a need to strike a balance between these values. The 

-
gical value, quality and aesthetic value (whether it is visible and 

there is a natural biase towards science. 

by the stakeholders involved.24

which is not rated of high cultural heritage value at a national level 

archaeological site.25

positively, entailing considerably lower costs than opting for 

have been frenetically holding to in-situ policy. In addition, due to 

-

can we say that in situ is the preferred option in any general 
sense, without considering the individual situation of each site? 

protection) to be the 
preferred option
all at least begin, and after thoughtful consideration and for the 

option. In addition to the question of whether this is true, we are 
also risking forgetting why we choose preservation. It is not our 

basis of our curiosity, preserve for later generations what we have 
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31

were found, and with no plans for the future. 
32 

33 This is also the case for shipwrecks and objects which have been raised, conserved 

26

27

28

29

30 

-

under water. 

4.4 Defining common-sense arguments for in-situ 
preservation
The reasons for preservation depend on the value we attach to 

well-founded reasons for wanting to preserve shipwrecks in situ. 

question of why it should be protected and not another. The 

26 

There are also other reasons for the in-situ preservation of 

archaeology.27

28 This notion alone has little or no 
value, and has the capacity to fuel critics who believe that in-situ 
preservation is equivalent to out-of-sight and therefore out-of-

values future generations will hold, because we cannot know 

what we want to tell future generations (starting with our 

Several other reasons for preserving shipwrecks in situ, both 

29

4.4.1 For future enjoyment and research

set of values. Thus, we are passing on what we think is worth 
keeping for future generations. Moreover, it is only possible to 

-
se.30

This can be achieved by assessing each site individually and the 
archaeological resource in general. 

In the past, in-situ preservation was carried out with the intention 
of leaving archaeological sites for future generations or even for 
eternity.31 Today, we know that protection in situ can slow the 

deterioration of sites.32

-
-

rary.33
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37

38

39

34

know, we can select those sites that we think are interesting and that we want the 

general public.
35 

36

-

to the site in the future for archaeological purposes, for other 

acceptable to the general public.34 

the current generation has the opportunity to enjoy its heritage, 

Through this, understanding or awareness can be created, which 

35 

4.4.2 Showing responsibility and commitment
Most countries today have well-developed legislation and 

archaeological heritage is often included in this legislation or, if 

36 The protection of archaeological 

Treaty of Valletta),37

38 

39 In the Netherlands, underwater 

Fig. 4.2 Diving on wrecks may just be for the fun of it. Sports divers on the shore of the Oostvoornsemeer. Photo: M. Manders.
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45 

46 

47 

48 

49 

50 

51

40 

-

41 

42

cultural heritage sites. 
43 

44

40 Not 

where protection concerns terrestrial and underwater sites 
41 -

ties are all in place for archaeological heritage as a whole and 

4.4.3 An enormous number of sites

42

prehistoric sites on the seabed,43 this has resulted in the steep 

-

archaeologically validated sites under water.44

per year.45

historic shipwreck sites.46

47 

-
vered or even what lies on the seabed, has been detected, but is 

-
ses with underwater positions as possible has led to the creation 

48 Most of these sites 
have not been archaeologically assessed and their value to 

49 

50 This has 

the underwater world at a reasonable cost. This increased 

-
51 Even 

if thousands of archaeologists worldwide were available, this 
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52

53

54

55

56

57 http://archeologieonline.nl/nieuws/kosten-archeologisch-onderzoek-rijzen-de-

58

59 

of the Wadden Sea. The Mary Rose

objects and the hull is still ongoing.
60

61 

58

4.4.5 A time gap

59

-

sites.60

base our decisions regarding whether a site can or should be 

»
»
»
»
»

»
be established

»
ownership of a wreck61

-

requires strict regulation. 

was forced to keep its archaeologists indoors in order to process 

52 

53

4.4.4 Underwater archaeology is expensive

54

training and licences55

contractors), we have to be very selective with respect to which 

-

-

also need to be taken into consideration.56

sites.57
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62

http://archeologieinnederland.nl/bronnen-en-kaarten/nationale-onderzoeksagen-

dossiers/verbeteracties-archeologie/

kenniskaart-deelproject-1-nieuwe-nationale-onderzoeksagenda 
63

however, new insights have resulted in the conviction that the basic questions about 

64 This is partly due to the lack of knowledge concerning how to preserve large 

65 Shanks 1992.
66

67

68 

4.4.8 Different values of preservation

67 

alone. Managing a wreck or the underwater resource in general 

also on a careful consideration of various values and the creation 

the national policy in the Netherlands regarding decentralization, 

protected.68 

4.5 Arguments against in-situ preservation

cultural heritage in situ there are also reasons not to. Obviously, if 
a site is not considered to be of high archaeological value, there is 
no reason to protect it for that particular reason. Moreover, sites 

and past research and research agenda(s) before starting an 

research agenda.62

now been integrated into the new version, rather than setting up 
63 

4.4.6 Difficulties of conservation

increased sulphur and iron concentration, which have been 

and the Mary Rose
64

4.4.7 Current experience and enjoyment

65

66 
-
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73 

74 

69

70

71 

72 

biological attack will cease, but erosion bacteria are still able to 
72 

4.5.4 The long-term financial consequences
It is often said that in-situ preservation is a cheaper option than 

-

protected in situ.73

4.5.5 Is the in-situ dogma ‘threatening archaeology’?

this particular reason that traditional archaeologists see a global 

74 and there 
is a lot to say for this. There is a natural tension between the two: 

If we decide to preserve in situ for the purpose of investigating 

-

4.5.1 No inclusion in regional identity building

past. This understanding helps us to build our current identity.69 

-

which would potentially rebuild, reshape or reinforce our identity. 

4.5.2 No methodological development or capacity 
building

lack of practice in the profession and a hold on new capacity. 

with very strict diving law, this has resulted in a halt to the active 

other archaeologists who do not have the appropriate diving 
licenses, restricting activities to professionally licenced underwa-
ter archaeologists.70

students,71

techniques that use airlifts and water dredges, which are 

4.5.3 Ongoing degradation

and anthropological interventions with in-situ protection and 
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is now rapidly deteriorating. The shipwrecks on the Burgzand are also rapidly 

by the day. 
81 The BRIM funds, http://cultureelerfgoed.nl/dossiers/subsidies/instandhoudings-

82

75

wreck itself, including a large concretion with cannons and objects, was left on site 

Aanloop Molengat wreck (seventeenth century) has also been 

76

77

78 

79 

80 Stirling Castle

are not budgeted.79

-

80 

81 The 

and quicker and to include sites that do not have national 

4.6 In-situ preservation in numbers

interest to take a look at what has actually happened in overall 

RIGO Rapport

82 This is 
rather reprehensible, considering that in-situ preservation is, 

can we consider it, if we do not have any data to support action? 

the rest of the site is either preserved in situ or deselected 

archaeology, which is guided by a curiosity to learn about the past. 

political support was lacking, or there was a shift in priorities.75 

76 Moreover, 

are being re-evaluated.77

other than archaeological stakeholders.78

depends on the approach. Basically, people want to learn, people 

carpet. Proof of a neglect of sites in situ, it is argued, can be found 
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91 

92

whether this is under water or on land (harbours, jetties, shipwrecks), while 

underwater cultural heritage refers to what is lying still fully or partly under water. This 

93

83

84

85 

86 

87 

88 

89 

90

are not being preserved in situ. 

85 

are regarded as worth protecting, have indeed been protected, 
86 Its conclusion was that of all the sites 

87 for every ten that were 
considered to be worth preserving, the advice to do so had been 

88

89 Through 

research it had already carried out, and it was asked to provide 

being preserved in situ.90 

were being preserved in situ. Thus, one in three sites are actually 

of good (ready) data no quantitative analyses had been done.91 

lack of activity, which results in a lack of data. It is, therefore, a 

92 It is 
now of urgency to collect this data on underwater cultural 

in in-situ preservation of underwater sites. 

sites are protected by a blanket law, regardless of whether these 
sites have been found or not,93 those that are registered as 

In its evaluation, the RIGO report did not take underwater cultural 

lack of interest in and understanding of this topic within the wider 

are included in the national databases and institutes that were 

heritage.

below).83 -

have not been preserved in situ. 

This, being the practice is particularly interesting if we take into 

Betuweroute project, stated that in-situ preservation would be 
84

because it entails avoiding the areas altogether during the building 

It is an interesting fact that while the Valletta Treaty stipulates 

-

that even without this cost incentive (of disturbers having to take 
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98 

99 

100

101

102

103 -

94 See also: https://cultureelerfgoed.nl/onderwerpen/advies/archeologische-rijks-

95

the Aanloop Molengat wreck site, was still in the process of being declared a National 

96 The whole North Sea seabed is an inundated prehistoric landscape with still 

97

101 a seventeenth-cen-
tury shipwreck in Lake Oostvoorne102

103

Wadden Sea. 

4.7 Conclusion

occurred and the ship sank with everything it had on board. 

be acknowledged to begin with, and the distinction of what is 
-

There are several overarching reasons why we preserve sites in 

preserved in situ for other reasons, such as the wish and the need 

another value that has been attached to the site by another 
stakeholder.

94 In 

under water.95 

sunken bridges and villages, and that two-thirds of the 
Netherlands (including the EEZ) is water.96 The Netherlands has 
been shaped by the relationship of its people to the water and 

97 

-

need protection? Is it because the process of registration is too 

evaluate an archaeological site (on land or under water) such that 
it leads to a certain kind of protection or not. Moreover, it would 
also suggest, as a consequence, that sites are being designated 

98 If this was a reason 

99 This 

Burgzand in the Western Wadden Sea.100 In addition, three other 
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There are also reasons not to opt for in-situ preservation. One 
obvious reason is that the site has no or very low archaeological 

-
logical sites that have been discovered, assessed and proposed 

the latter very low.

This shows the current focus, not only of archaeological research 

Once we know why we want to protect an underwater site, we 
can start to think of how to do so. The way we protect a site has 

the sites and thus what values prevail in relation to that site. The 
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5. 
How do we physically protect 
underwater heritage sites in 
situ?



5. How do we physically protect underwater heritage sites in situ? 

7 

-

1 Parts of the research below have already been published in Manders, Gregory & 

2

3

4

5 -

6 There is little data to indicate how long sites can be preserved in situ and what the 

5.1 Introduction

-

resources required. When we talk about in-situ preservation, we 

-

taken. This should be taken into consideration before deploying 

that when shipwrecks are protected in situ, little, if any, subse-

understanding of the changes occurring in the local reburial 

2 

In-situ conservation of underwater sites has increased conside-
3

4 The 
-

-

5  These techniques will be described 

protecting sites in situ in Section 5.2, followed by a discussion of 
reburial in Section 5.3. Then, in Section 5.4, the protection of a 

well-preserved sites in Section 5.5, how to choose the best 

-

5.2 Three ways to preserve sites in situ

protect underwater sites in situ.

1.  

2

3 6 

bacterial degradation have also been discussed. These will, 

be viable options.7

5.2.1 Barrier methods

5.  How do we physically protect 
underwater heritage sites in situ?1
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12

13

14

15

16

17 

8

(Pournou et al. 1999).
9

10

11 -

8

used for the protection of underwater cultural heritage sites until 

9 

larvae. This barrier does not allow the larvae to attach to the 

10 

Teredo navalis.11

12 
It has been suggested that the growth of barnacles, which can be 

infestation has not already occurred.13

biofouling of the data logger that was in place during the MoSS 

14

15

16 Obviously, these 

since. Monitoring of the separate sites is done by local dive 

around the wreck, even within the cage.17

PrPrPrPrrererereeeeeeerrererereeePrPrrrererereeerrererrereereereeerrererrereeereeerer sssserserssesses rrvvinvinnvinvv ng ag aaag aaa lalalaayeryeryeryereryeryerrrrerrrrrrrrrrrrrededededed edeedddeeeddedddeeddedddddd eeddddddd hishishisishishishisshihh shhhhhh sishhhhh sssisshhhhhiiiisssstortortoororooorooorrtorooorrtortororotoortoororororororrororoororortorooototortorotorrtortttootortorortottortotootorrtorrortttotorrrtortortorrrrootorrtoooorry oy oyyyy oy oooyyyyyyy oy o oy oy oy oooooyy oy oyyyy oy oy ooooy oy oyy ooy ooooy oyy oy oy oyy oy oy ooy oyyyyy ooy oyy oy yyyy ooooyy oooy yyyyyy oooyyyyyyyyyyyyy ffffffffff tf tf tf tf tf tf tffffff tf tffffff ttf tf tf ttttffff ttf tf ttf ttf tf tf tf ttffff tf tff ttttf ttf ttttttf tttf tf tttttf tttttttttttttttthehehhhehhehehhhehehehhhhhehehhhehhhheeheheheheheeehhehehehhheheehehe hheheeheheeeehehhehhheheeeeeehehehheheehehehee hehhehhheehe eheheeheehehehhhhe eehhhheeeeee eeeeeee hhheeeeehhhhhhe WeWeWWWWWesWeWeseseeWesWWWWWWWWWWesesWWeWeWeWWWWWWWWWWWWeseWesesesWesWessWWeWWWWWWWWWWWesesWesWesWWeWesWWWWWWWesssssWWeWWWWWWWeWesssWWeWWWWWWWWW sssWWWWWWWWeWeWWWesWWWWWWeWWWeWWWesWeWWWeesWWWWeWWWWWWWessWWWWWWWWWW sWeWWWWWW ssWWWWWWWesWWWWeWWesWeeeeeesWWWWWWWWeeesWestetteteteererttttt rterterrrrrnnnnn Wn WWWn Wn Wn Wn Wn Wnnnn WWn Wn WWWWWWWWWWWWWWadadaddaddaddaddadaddaaadadadadadddadadddddaddddaddadaddaddddddddaaddddddddaddddaddddaddaddaaddddadddaddadddaaaddddddddddddddddddddddddddddddaddddddddddddddddddaddddddddddddaaaaadddddddddddddddaaaddddddddddddadddddddddaaaaadadddddddddddddaaadddddddddddaaaaddddddddddennnneeeeeeennnnnnneeeeeeeeeeennnnnneeeeeen enen eeneennneennneeeeneneneen ee aaSeaSeaaSSSSSSSSSSS aaSSSSSSeaSeaaSSSeSSSSSSSSSSSSSSSSeaeaSSSSSSSSeSeaeeaeaeeeeeaaaaaSSSSSSSeeeeeeeeeaaaaaaaSSSSSeSeSeeeaeeeeeaaaaaaaaaSeSSSSeSeSeeeeeeeaaaaSSSSSeaeeeaeeeeaaaaaSSeSeSeeaeeeaeaaaaaaSeaeaaaaaaaeeeSeaaaaaeSeaaaaaaSSeaeaaaaSeeaaaaWWWWWWWWWWWWWWW

Manders.

Fig. 5.3 Roman shipwrecks mainly consisting of amphora tumuli are being 
protected with cages. Photo: L. Bekic. 
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21 

22 

23 

Eendracht

18 

19 

probably used in a quay or harbour structure, in Zeeland, the southwestern province 

20 In the wrecks in the Wadden Sea, oak as well as pinewood is attacked. Research with 

touched.18

5.2.2 Sacrificial in-situ protection

-

th th century, Dutch wooden ship hulls were often 
Teredo navalis

valuable ship hull on trips to the tropics. The pinewood layer was 

the doubling, as well as thousands of iron nails that were used to 

19 

20 

created.21 It does not eat the wood. Therefore, the preference 

through the wood structure. Since Teredo navalis

seen whether less resistant wood would be a solution that would 

22

Not being able to withstand the attack of Teredo for a very long 

23 One downside to adding easily accessible 
-

be colonized.

Fig. 5.4 Pinewood doubling or sheeting was used on Dutch ships that went to the tropics to protect the hull against attack by shipworm. Here, the lower 
part of the stern of the Buitenzorg, a VOC ship that went down in the Wadden Sea in 1760. Photo: M. Manders.
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30 

31 Day Dawn William Salthouse 

32 

wrecks are under threat of being hit by the swords and long keels of pleasure yachts. 

being hit by large river boats or of the silt being blown away by ship propeller action, 

33 

24

Sirius, see Bartuli et al. 

25

26

27

28 Sirius (http://www.

-

29

preserved in situ in this way.24

been preserved, such as the windlass, chain and deck knees on 
the James Matthews25 and the engine of the Xantho,26 both in 

27

Netherlands and the Western Wadden Sea no cathodic protec-

the objects in situ.28

29 

5.2.3 Covering a site 

30

Covering with loose sediment

31 The deeper a site is, 

water that is usually stable, shallow sites are especially vulnerable 

32 

layers and obscure observations of where the historical layers 

33

Fig. 5.5 Cathodic protection of an anchor at the James Matthews site in 
Australia. Photo: Maritime Museum of Western Australia.
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41 

42 

43 

44

34 

35 

36

37

38

39

40 -

bioturbation.34 

Sandbags
Sandbagging has often been used in the past, as the unit costs 

-

sandbags around under water. 

an obstruction on the seabed which, if currents are present on 
the site, can cause scour around the edges of the sandbagged 

-
35 

36 

-

37 Unfortunately, the bags also create 

38

Geotextiles

have been used for all sorts of purposes, including coastal 
39 They are 

40 -

Research carried out on the site known as the Zakynthos Wreck41 
42 was 

43 44

Fig. 5.6 A logboat supported with sandbags during a training course in 
in-situ protection for the WreckProtect project in 2011. Photo: M. 
Manders.

Fig. 5.7 Six thousand sandbags were used to protect the BZN 3 wreck in 
1988. Photo: RCE.
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Fig. 5.8 A + B Geotextile rolled out over a wreck site during the UNESCO Advanced Course on In-situ Preservation in Thailand. Photos: M. Manders.

48 

49

50 

51 http://www.unescobkk.org/culture/uch/capacity-building/courses/advanced/in 

45

http://www.unescobkk.org/culture/uch/capacity-building/courses/advanced/in 

46 

47

-

often easier if there are two divers. They should ensure that any 

45 

-
46 Moreover, 

-

47 

Teredo 
navalis

Teredo navalis, the 
attack was less severe. It can be concluded that the lower grades 

48

Covering with the help of sediment transport
-

-

Artificial seagrass

49 When deployed, one 

on the seabed. During tests, it was observed that aligning the 

50

sand also has a cleaning function. 

intensive.51
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59 

60 http://www.unescobkk.org/culture/uch/capacity-building/courses/advanced/in 

61

62 

52

53

54

55 Ibid.
56

57 

58 

heritage.52

project.53

requires a large ship and crane for installation.54 

fronds have revealed that in areas with strong currents, shorter 

55 

latter seriously has to be reconsidered.

stand upright again as a result, the process of capturing the sand 

when there is no barnacle growth on the fronds. 

present, it is also being tested as a soft barrier on the edges of 

debris netting protection, designed to avoid scour on the netting.56

William Salthouse 57 
the James Matthews 58 59 
and a test site in Thailand60

61 

reintroduction of natural seagrass in areas where this has 

sites, often with disappointing results.62 There are also plans for 
other areas that include cultural heritage.63 Encouraging, 

Advanced Course on In-situ Preservation in Thailand. Photo: M. Manders.
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66

67

68

nets. On the Avondster site in Sri Lanka, sandbags were rolled into the sides of the 

69 

63

64 https://www.waddenvereniging.nl/onswerk/zeegrasherstel (accessed 

65

however, is that through natural dispersion, seagrass is slowly 
starting to recolonize the Dutch part of the Wadden Sea.64 
 
Debris netting/shade cloth

construction work on buildings in order to prevent any building 
debris falling on passers-by.65

B).66

in the Netherlands and was further developed in the EU MoSS 
project.67

With the use of shade cloth/debris nets one should ensure that 

When joining the nets together, there should be an overlap 
between the two. In this way, potential gaps between the nets 

Where possible, the long edge of the net should be aligned 
perpendicular to the direction of any current in order to trap the 

ensuring that any current is behind the diver when positioning the 
net, allowing easier roll out of the net and also avoiding entangle-

68

69

particularly where it is held down or anchored with pins and where 

Fig. 5.12 A. Preparing polypropylene nets weighted down with sandbags to be used on the Avondster wreck site (1659) in Sri Lanka, B. The nets installed 
on the wreck. Photos: courtesy Avondster Project.

Fig. 5.13 The method of using polypropylene nets on shipwrecks. The 
sand transported by the current will pass through the tiny holes in the net 
and settle on the wreck. Drawing: M. Manders.
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75

76

77

78 

79 

80

81

70

Avondster

71

72

73

74 http://www.unescobkk.org/culture/uch/capacity-building/courses/advanced/in 

70

71 the Avondster in Sri Lanka72 and 
73 a test site in Thailand,74 and it 

75

76 77

a Rich Wadden Sea)78

79 

5.3 Reburial underwater

-
80 Thus, covering or reburying wood is one way of 

-

5.3.1 Backfilling after excavation

81

photo: courtesy R. Obst.
 

Photo: M. Manders.

Fig. 5.16: Nets with small buoys used for the protection of a test site 
during the UNESCO Advanced Course on In-situ Preservation in 
Thailand. Photo: courtesy UNESCO.
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87

88

89 In addition to the high cost of the conservation of shipwrecks, for archaeological 

Buytensorgh 

the only ship structures in the national depot in Lelystad. Larger parts of the 

90 Stewart, Murdock & Wadell 1995.

82

83

84

in Greece, Pournou 1999.
85

86

Fredericus

www.ahspp.org.au/), and the reburial of the Greifswald shipwreck http://www.

5.3.2 Reburial and redepositioning

surfaced the seabed.82 Moreover, if sites are fully covered, there 

83

84

85

previously laid out in this thesis.86 

integrity and/or spirit of the place and at least a part of its 

87 

88 

There are also situations in which it is thinkable that there is no 

-
ture.89

and even artefacts can also be redeposited in the appropriate 

San Juan in Red Bay, Labrador.90
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91

92

93 Waddell 1994.
94 Mary Rose project, Staniforth & 

95

wreck of the Fredericus
Marstrand.91

wreck of the frigate Fredericus, sunk in a battle between Sweden 

seawater were rapidly and heavily degraded by wood borers, 

degraded.92

93

94 

prevent the survival of wood borers. Reburying artefacts in one 

return to the site if objects or ship structures need to be 

reburial, including labels and containers, should be durable. 

95 This 

conduct archaeological research on shipwrecks. 

Fig. 5.17 A + B The Greifswald ship barrier. The dots on the aerial photo 
are the wrecks. Photo: courtesy MACHU project.
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Fig. 5.18 Each single shipwreck may tell multiple stories about the past. Together, they tell the history of a people or a country. 
Figure: courtesy M. Manders.

104 Research on post-depositional processes on shipwreck sites is certainly not new. 

on shipwrecks.
105 

soil, protecting it afterwards with sandbags. http://www.uwarc.de/reichenau.php 

shipwreck of Greifswald.

96

97

98 -

99

100

101

102

-

103

laid,96 the whole wreck was lifted out of the way and reburied a 
97 

98 This fourteenth-
century shipwreck was lying in such shallow water that the 

the lakebed, investigate it, deepen the hollow in which it was 
found and put the wreck back into it. It was then further protec-

99

the groundwater table.100 Unfortunately, no research has been 

relocation of wrecks, usually undertaken for other reasons. 
101 and 

102

area to be enjoyed by sports divers, but without further 
protection. 

5.4 The ‘single’ object vs landscape approach
-

an object-focused approach but also in a narrow view regarding 

103 This perspective on shipwrecks as enclosed stand-alone 

the ship and the event of its wrecking. This also concerns the 
connection and integrity of the objects belonging to the ship, 

-
104 

in an ad-hoc approach, often not taking into account the 
105 
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Madol and Lelu. 
114

115 

the Vrouw Maria

which can be fully reconstructed. See the publications of the MoSS project at http://

106 Or even land-based archaeologists.
107 

108

109

110

because the site would be too disturbed to be of archaeological value anyway. Internal 

111

112

113

connection, such as the Viking sites in northern Europe and the fortresses on the 

to the recognition that shipwrecks are connected to societies 

106 

This has also led to shipwrecks being regarded as accidental 

between the wreck and the location in which it was wrecked.107 

be no notion of the connection of the site to its historical 

This alone is already objectionable, but shipwrecks being 

108 This 
109 

110 

heritage is still often neglected in the process of developing 
policies and planning.111

112 
There is no better way to link larger areas (e.g. for a World 

113 

5.5 The in-situ protection of well-preserved 
shipwrecks

well-preserved shipwreck. The discussion about what should be 

regarded as a well-preserved shipwreck was taken up in the 
MoSS project.114

Netherlands one criterion was that it had to be possible to fully 

115 The condition of these ships 

ship in Swedish waters. The ship is extremely well preserved, standing 
with its masts still upright. Photo: Ghostwreck Project.



119 See also Section 5.2.
120 

121 

but unfortunately was rejected. 
122

123

124 

116 

117

118 

before they fall apart. In practice, in-situ preservation consists of 

in which to preserve wooden ships, with other locations being 

116 

With respect to iron and steel wrecks, just like wooden ship-

The best preservation areas would be deep, still water. Many iron 

117

in fact be the only reason why these wrecks have not yet 
collapsed.118

about how iron and steel wrecks can be well preserved in situ. 
119 

120

-

121 
Unfortunately, this project was not funded. 

Whether wood, iron or steel, well-preserved shipwrecks protrude 

especially if new invasive species are introduced.122

123 

the whole wood structure? The structural integrity of the ship 

124

»  Does the site have to be preserved in situ? 
»

construction and cover the site. 
»  

Fig. 5.20 Multibeam recording of HNLMS Koningin Emma der Nederlanden (Queen Emma, scuttled 1943). Figure: Periplus Archeomare.
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Teredo navalis, 

which has been reintroduced into the lake due to the salinization of the water. 
127

128

the Baltic Sea such as the Ghost Wreck or those in the Black Sea.
129 

125 Teredo navalis on the wrecks in the 

126 On the Goodwin Sands, the Stirling Castle

Delta, the Roompot

northwestern Europe, but have been deteriorating rapidly over the last couple of 

of construction can be taken here and there, depending on 

disastrous.125

-

practical solution for these types of sites. This could be incorpo-

underwater cultural heritage. Even here, well-preserved ship-
wrecks can be discovered, especially when the situation changes 
drastically. It is then necessary to act quickly and preparations 

126 

5.6 Choosing the method of in-situ preservation

5.6.1 Introduction

there are serious natural or other threats, strategies should be 

further physical deterioration and biological deterioration caused 

present.127

128 To 

129 

other situations. Below are two tables that present an overview 

be chosen.
1.

2.
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5.6.2 A Western Wadden Sea example:  
the Burgzand Noord 10 site

undulating seabed with salt water and strong tidal currents. It also 

been protected physically with polypropylene debris nets. These 
-

of environments.

(Legend: + to our knowledge the method works in this type of environment; 

++ the method works excellently; - the particular in-situ method has a 

practice, an area always consists of several of the parameters mentioned. 

Sometimes only one of these parameters prevails, sometimes a combina-

tion of several. The indications are based on the circumstances in which the 

2  Before all the sand has been caught by the nets this kind of protection is 

vulnerable to damage.

particles when submerged.

transport is still needed.

Conditions Type of method
Sandbags Debris nets

layer layer
Rubber  

seagrass

Sandy seabed
Rocky seabed - - -

Pebbles - - -

Clay
Silt
Tidal movements -
Currents -
Still water - -
Wave action -
Brackish water
Fresh water
Salt water
Shallow water (0-10 m)
Partly submerged - - -

Temporarily submerged -

Depth range 10-50 m
Deep water (below 50 m)
Flat seabed
Undulating seabed -
Object slightly protruding 
from seabed
Object strongly protruding 
from seabed

- - - - - -

Ice forming (icebergs) -

5  As long as these shallow waters are calm. However, in shallow waters 

6  ‘Temporarily submerged’ means there is water movement, the less 

intensive this is, the better.

8  Stone coverage on soft soil is usually unstable.

force to push the blocks away.

10  Cages protrude from the seabed and are thus vulnerable to all sorts of 

things becoming entangled in them. If used, a good foundation should 

11  Polypropylene nets and seagrass need tidal movements to be really 

method on its own. It does keep sediment on the site but will actively 

promote sedimentation on it. The sheeting on its own does not make 
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130 One can think of the need to sail under class (for insurances) and the consequent 

131

132

Table 5.2. Various physical protection methods and the way they 

(Legend: + to our knowledge the method works in this typical environment; ++ 

the method works excellently; - the particular in-situ method has a negative 

especially when there are currents around the site (see also Table 5.1). 

However, this is also the only method of physical in-situ protection that helps 

to raise awareness, unlike all the other covering methods (out of sight, out of 

of bacterial deterioration. Some erosion bacteria can continue to degrade 

the wood in near-anaerobic conditions. We should keep in mind, however, 

that these processes are slow. 

5.7 The costs of in-situ preservation

-

-
-

-

-

-
gers or other stakeholders to calculate general costs and select 

-

in-situ protection are: 

»  
(depth, visibility, current, stability)

»  The law in the particular country  
(dive with professional divers, ship under class, etc.)

»  The condition of the wreck
»
»
»
»  The standard of living in the country  

Salaries, costs of ship rental, work-related policies and legal 

130 Within the WreckProtect 

131

-

usually the cheapest.132

Mitigating Sandbags Debris nets
layer layer

Rubber sheeting
seagrass

-
Site erosion - -

- - -
-

Gribble -
-

Bacteria -
Looting -

-



134

Preserving a layered history of the Western Wadden Sea

138 

139

140 

133

134

135 

136

137 

and also the costs of protection.

133 

site prior to this and also afterwards,134

Teredo navalis as the 

euros.135

136

5.7.1 A breakdown of costs: the Burgzand Noord 

-

period a protected layer of debris netting was re-installed over 

137

the seabed by just one diver. This considerably lowers the 

-
lene nets.138

139 

5.8 To excavate or not, that is the question

not, is a topic that generates long discussions, and the decision is 

140

Expenditure

Travel, food and 
lodging
Personnel

Professional diver/
day

archaeologist/day

outward/return 
journey)

gear, containers, 

Material for 
protection (cable 

nets, labels, etc.)

Table 5.3: The 
cost for in situ 
protection of the 
BZN 10 site.

70,000
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144

145 

146

147

141 Mary Rose

142 

143 Mary Rose

subsequent raising of the wreck or certain parts is 

they be reburied or even destroyed? The calcula-

preservation are often less known and also not 

depend on public participation.141 

More often than being physically protected, sites 

degradation until they disappear. The process is often invisible 
142 This is the 

those associated with the physical raising of a shipwreck, its full 

of such activities as only a few wrecks worldwide have been 
protected in situ, and only a few large size wrecks have been 

143 

between the initial costs of in-situ preservation, ongoing in-situ 
-

vation of a wreck. Nevertheless, again there are also huge 

wreck with polypropylene nets in the Western Wadden Sea costs 

-
dent on such factors as the type of protection, activities in the 

will also incur ongoing costs. 

144 
145 

-
ed.146 In-situ preservation, in general, and protection in particular, 

147 

-

(e.g. wreck) alone. In-situ preservation should, therefore, not just 

-

in-situ preservation add up. To be able to accredit values to sites, 
one needs to have knowledge, which can only be gained through 

Fig. 5.21 The Vasa, the Swedish warship that sank in 1628 immediately after its launch, is also 
an example of a well-preserved ship in Baltic waters. Photo: Karolina Kristensson, the Swedish 
National Maritime Museums.
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have been undertaken if they had to do so in advance.
152

153 Mary 

Rose
154 

Mary Rose

148

149 

150

151 Mary Rose

5.8.1 Costs of ex-situ preservation

river or lakebed and subsequently conserved and put on display. 
The warships Vasa in Sweden and the Mary Rose are probably the 

 

148 In the Mediterranean, 

Gela in Italy.149

stern section of the Batavia
150

the public today, indicate the high costs involved and the 

underwater cultural heritage in a country.

151 The decision to raise the Vasa in 

152 The Viking ships in 

Mary Rose 153

need to be known before taking the step to raise the wreck. Risk 

at the cases of the Mary Rose and the Vasa, it is apparent that the 

Fig. 5.22 A. The Bremen Cog at the German Maritime Museum in Bremerhaven, Germany, and B. One of the Skudelev ships in the Vikingshipmuseum in 
Roskilde, Denmark. Photos: M. Manders.

Kampen, the Netherlands. Photo: M. Manders.
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154 

Mary Rose

155 

156

154

155 

the creation of awareness, identity building and capacity building 
in underwater cultural heritage, as well as in underwater archaeo-

156

-

wreck. Secondly, the wreck and its content needs to be investiga-

support is required and what kind of conservation strategy is 

to this is whether these objects will be conserved, reburied or 

questions (often related to why a wreck will be raised) have to be 

Australia. Photo: M. Manders.
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Mary Rose Trust outlined the total costs related to 

the Mary Rose

Mary Rose that 

163 

157

158 

159 

160 

161 The raising of the Vrouw Maria

-

162

to other issues related to diving, such as policies and laws. 

of the ship on land or under water. Working on land is often 

used and the process of drying, either by freeze-drying or control-
led drying.157

the construction, if necessary, are put together and the wreck is 

Wrecks can be conserved for storage or display. In the latter 

The work connected to the display of a wreck creates an 

wreck often requires a large building and all sorts of display 
facilities and other direct costs for restoration (cleaning, putting 
the pieces back together, creating structural support, etc.). 

The costs of conservation and restoration are also partly related 

158 The size and condition of the hull are thus 

the cost of the full conservation of a large ship.159

conservation of a historic shipwreck.160 

Vrouw Maria
-

161 When considering such a large project, 

such an endeavour), before the decision to undertake such a 

The Mary Rose

162 While the BZN 
163

step in the entire in-situ protection strategy, as laid out in the 

Fig. 5.25 Drawing of the Vrouw Maria, a Dutch ship that sank in 1771 in 
Finnish waters. Figure: courtesy National Board of Antiquities, Finland.
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171164

165 

166

167 

168 

Treaty (Valletta, 1996).
169

170 Either selected as being worth protecting or deselected and not taken into 

consideration.

164

such actions were needed and will be needed in the future.165 

the case of the Mary Rose -
tion.166

167 
The success of these activities, however, also relies on other 

under water and local dive operators.

5.9 Avoiding the dualism: excavation is an option

protection of the underwater cultural heritage in situ should be 
168 

-

they are trained for.169

retrieved for later archaeological analyses, conservation, storage 
-

-

When a new underwater site is located, priorities have to be set. 

a shipwreck are huge and, therefore, stakeholders who are 

object or site. 

1.
2.

3.
4.
5.

afterwards
6. 170

The decision about what to do often depends on the funding 

be considered when dealing with intrusive research.171 In the 

Fig. 5.26 Management plan for the BZN 10 wreck. Figure: RCE.
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174 -

172

173

172 

There are thus several reasons to choose in-situ protection or 

preservation, conservation or site stabilization are not.173 

strives to reconstruct what has happened by studying the 

witnesses in the present. In-situ preservation is one of the tools 

5.10 Conclusions on methods used for in-situ 
preservation and future directions

archaeology has been on in-situ preservation and the develop-

-

-

rate of deterioration? It should be clear that in-situ preservation 

-

including those in the Western Wadden Sea. 

be preserved and what value(s) we think should prevail, because 

needs to be protected for future research or so it can be enjoyed 
by sports divers. The protection of underwater archaeological 

-
date the unique qualities of each site.

-
rate will be the challenge. If successful, we will be able to better 
protect archaeologically valuable sites before active deterioration 
occurs. In addition, by being able to look into the seabed, the site 

of the in-situ preservation of intact sunken ships. These vessels 

Black Sea and the Great Lakes are known to have such well-

Stirling Castle 
Roompot

Stirling Castle 

Roompot

in the Western Wadden Sea at those places where the seabed has 

already been proven by the discovery of the seventeenth-century 
174 
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175 

-

great depths (e.g. the Ghost Wreck, the Titanic

easily enjoyed by sports divers, and should this be the case, it 

face such threats.175

176 The reasons for 
protecting a site in situ or not, should be clear to archaeologists, 

If we look at the cost of in-situ preservation it is evident that, 
especially in Europe, personnel costs are the highest, while the 

the cheapest. When we consider preservation in situ, there are 

will result in the reburying of a site. Most of the sites that have 

in-situ protection entails the preservation of the site itself, the 
original place of deposition.

This brings us to the issue of shipwrecks as sites versus archaeo-
logical landscapes that include shipwrecks. Shipwrecks are 
connected to the location in which they are found, in one way or 

-
-

how to deal with well-preserved shipwrecks that are surfacing the 

Southern Zeeland Delta and the Goodwin Sands suggest this 

these sites are unique and thus that a unique response is 
required, such as the decision to raise the wreck. 

The choice of whether to preserve in situ or not, will not only 
-

site (see Valletta Treaty), or the possible dangers a wreck creates 

underwater cultural heritage. The reasons behind a decision to 

-

shareholders of this heritage. 

176
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6. 
Monitoring the effects of  
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3

4

1

2

6.1 Introduction

1

2 More 

-

protective layer and the erosion of the site is necessary.3 

Monitoring entails observation. It concerns observing changes at 

-

carpet. It would be a sign of pure neglect. Unfortunately, this is 
still what often happens. 

changes occurring in the present or in the future? The way we 

and possible future state of an archaeological site includes: 

1.
in an evaluation) 

2.  Its size 
3.
4.  Its current condition
5.
6.

4

often been used as a testing site.

Monitoring is an essential part of underwater cultural heritage 

-

Monitoring is necessary to ensure continued stability, or at least 

6.  Monitoring the effects of in situ 
preservation

Fig. 6.2 A remotely operated vehicle inspecting a shipwreck. (the Ghost 
ship in Sweden). Photo courtesy Ghost ship project.
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Hogue

10

5

6 See below. 
7

8

9 Aboukir, Cressy and Hogue that were 

6.2 Managing change

the site. The physical quality has a direct link with the integrity of 

The causes of change, the processes occurring and the physical 
variability in an area are all part of the process of change. 

changes will be better predicted if the broader area is considered, 

8 

physical events but also due to changes in perceptions of what is 

people globally.9

changes in relation to what we want to protect. 

6.3 Types of change

10 The 

changes are reversible or irreversible.

5 This 
-

often focused on the physical status of the wreck, it is obviously 

cultural and historical value.6

and what will we lose if the site deteriorates? This should be part 

7 
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11

-

international, national, regional and local conventions, treaties, 

»  Sustainability of change. This concerns weighing up the 

-
-

for the safety of the people. It will, however, cause erosion of 

vice versa? 
»

at this, but often policies and legislation will indicate that 
-

ons such as those outlined above) goes beyond a threshold of 

-

set the boundaries of what is acceptable and what is not. 
»

ones.
»

account for new conditions. Indicators can be a useful way to 
collect data of critical interest that enable us to construct a 
broader picture of what is going on at a site. Monitoring in its 

understanding both the intrinsic values11 and the types of change 

»

aspects will be altered by the various ways that changes arise. 

change will happen, where it starts and where it will or could 

»

change in cultural heritage, where either the intrinsic values of 

prediction of how likely it is that the erosion of the seabed will 
occur.

»  Uncertainty and predictability. The two are related, as uncer-

characterize the nature of the heritage asset (e.g. by non-
intrusive survey or physical evaluation) and/or the scale of 
changes likely to occur. In the case of underwater cultural 

increased visits by recreational divers.
»
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14

15

12 See subsection 6.4.1.
13 See Section 3.1.

12 and 

6.4 Measuring the extent of deterioration

6.4.1 Baseline data
Monitoring starts by relating the current situation to previous 

possible after discovery but preferably after or during the cultural 

work against further decay, deterioration or loss of value and their 

changes are currently occurring or will do so in the near future 

-

-
ning what to preserve and protect in situ), and a physical 

that can serve as universal values. If the on-site data deviate 

these changes.

focused on carrying out baseline studies and subsequent 
13

presented below.

6.4.2 Monitoring

14

-
ces and how severe the destruction associated with that 
particular degradation process will be. 

or erosion on the local scale. The European project, Monitoring of 

15

not very successful, due to the fact that it was tested for only a 

Fig. 6.3 Recording with multibeam. Courtesy NOAA, United States.



20

21

22

16

17

18

19

-

Its resolution depends on depth, with the highest possible 

16 

17

-
-

whole. 

6.4.3 Measurement of various physicochemical 
parameters

18

19 

using electrodes attached to data loggers deployed on a site. In 
the MoSS project, a data logger was developed and trialled to 

-
ture of the surrounding water.2

-

22 

22

Fig. 6.4 Diver with data logger on the BZN 10 wreck. Photo: R. Obst.



Preserving a layered history of the Western Wadden Sea

27

23

24

25

26

-

degradative wood borers such as Teredo navalis -
pic analysis can show the types of bacteria and fungi causing 

23 

processes of deterioration in the area and thereby assess future 
threats to a site. 

Initiatives are now being undertaken to develop techniques to 
qualify the severity of attack and the state of preservation of 

the state of preservation,24 

being undertaken at the 

The principle is that as the 
wood cell is degraded it 

seawater, which has a higher 
conductivity than the unde-
graded wood. Good calibration 
curves for the density of wood 
as a function of relative 
conductivity have been 
established in the laboratory 

being developed to enable 

done under water in situ. Using 

easier to assess the state of 

wood.25

6.5 Monitoring in open water, on and in the seabed 

6.5.1 Introduction

-

6.5.2 The open water

1.  Technical devices such as data loggers and probes
2.

3.

4.

installed,26

27 In situations that appear to be relatively stable, it is 

wreck. Note the severity of attack after one year on the site. Photo: 
courtesy MoSS project.
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30

31

32

28

shipwrecks.
29

not always necessary to collect continuous or even repetitive 

included in the initial baseline studies. Data can be obtained 

28 

also be taken. This was done for the BZN 3 and 15 sites during 

to be alkaline, with no dissolved organic carbon, low in nitrogen, 

cations,29 high in sulphate, low in iron and high in conductivity (due 
to the salt).30

31 

The data logger gave the following values: 

Table 6.1 Data logger values per BZN site.

-

32

the water surrounding all the wreck sites on the Burgzand and 

BZN 3 BZN 10 BZN 10 BZN 11 BZN 4 BZN 15

Temp (Celsius)

Turbidity (FTU)

Depth (m)

Diss.Ox-1 (% saturation)

Conductivity (mSiemens/cm) X X X X

pH X X

Redox (mVolt) X 116- -156 134- -33

Salinity X X X 15, 26-33, 2

Diss.Ox-2 (ml/L) 11, 46-15, 62 5, 11-6, 53

Date

6.5.3 On the seabed

1.  Visually, by divers or ROV
2.

scan sonar
3.  Traditional sounding (sounding lead)
4.  Laser, aerial photography and satellite

The visual inspection of a site can be achieved by sending down 

physical conditions of a site. This can be done when parts of a 

being attacked by wood borers or if the integrity of the site has 
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39

40

41

33 It is not, however, always easy to detect living Teredo in wood.
34

35

36

37

38

33

into the location and thus an overview of the site. 

6.5.4 Marine geophysics to monitor sediment change

-

-
nies such as Periplus and DEEP.34 Repeated surveys carried out 

35

36 

which can scan large areas of the seabed in a relatively short 

use is now widespread.37 

Multibeam recording as a way to monitor shipwreck sites38 

sound pulses to the seabed in a narrow path under a ship, 

the better the accuracy.39

including actual depths.40 

rapidly and can be used for the detection of shipwrecks on the 

side scan sonar, but it does give an accurate overview of an area 

41

wreck site and understand issues in 3D. In an age in which 

investigation of the possible looting of a site near the Dutch town 

local divers that looters were active at an eighteenth-century 

Fig. 6.6 Multibeam consists of real depth measurements, and is thus 

Figure: courtesy Periplus Archeomare/RCE.



151

42

43

44

45

was passed on revealed that the site had not been touched for a 

42

regional as well as on a larger scale, such as that produced by 

43 

44

45 

Europe. In the Netherlands, they include the RWS and the 

excavation on the site. Picture C is the result of a comparison. The results revealed that there had been more sanding in, and this was not consistent with 
supposed illegal excavation. Figures: RWS-IJsselmeer. 

Fig. 6.8 Multibeam on a regional scale. Figure: Periplus Archeomare. Fig. 6.9 Using multibeam recording on the BZN 10 wreck to plan OSL 
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49

50

underwater cultural heritage). 
51

52 This is arranged within the covenant with Rijkswaterstaat and is believed to be the 

53

54

55

46

47

48

46 Data they collect 
-

47

48

Multibeam monitoring on the Burgzand, Texel

49 The latter has an operating frequen-

-

in the Netherlands.50

51

52 This long series of continuous data 

have not been taken into account, although it is known that these 

shipwrecks in and on it.53

54

55 

Fig. 6.10 Monitoring by using annual multibeam recordings and 
comparing them with each other. Figure: Periplus Archeomare/RCE.
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62

63

64

65

66

56

57

58

59

60

61

56 This process is continuous. 

6.5.5 In the seabed

quality of the site can be acquired in the following ways:

»  Probes and data loggers57

»
»

directly or indirectly connected with the degradation of organic 
58

59

60 

-

seawater.61

62

63 These 

64

»
»

»  Sulphate/sulphide and also total sulphur content
»
»
» 65

soil on both these sites consisted of pure sea sand, it was alkaline, 
very low in carbon content, no nitrogen was present, it was low in 

seabed on the Burgzand and in the Western Wadden Sea in 
general.
 

area of the Western Wadden Sea, it can be noted that the sand is 

and 15 wrecks.66 This black colour is indicative of reducing 

usually a high concentration of sulphur (S) present. In such 



154

72

73

67

68

69

70

71

2

had very low sulphur contents, which can 

which is logical in relation to the presence of calcite in the sand. 

reducing conditions had been reached at BZN 3 and 15.67 

68 

69 This technique 

for this research was to investigate the use of this technique in 

thickness of the sand layers that had settled on the wreck site 

70

71 

Unfortunately, due to the presence of sport divers while recor-

»

protection technique. This is the area where no sandbags had 

»

-

72 Tests 

project were unfortunately not very successful due to the 

73 

BZN 3 wreck. Figure: Deltares/RCE/MACHU 
project.

BZN 10 wreck. Figure: Deltares/RCE/MACHU 
project.
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78

79

74

75

76

77

6.6 Optical dating: potentially a valuable tool for 
underwater cultural heritage management74

of shipwrecks on the seabed. On the one hand, transport of 

site.75

project using OSL dating, grain-size analysis and anthropogenic 

greater understanding of the history of post-depositional 

preservation using polypropylene netting could also be investiga-
ted in this way. 

6.6.1 Optical dating, grain-size distribution and 
anthropogenic metals

76

77

sites.78

to use only those grains for which the OSL signal was reset (i.e. 

erased to negligible levels for at least part of the grains at the 

The study not only applied OSL dating but also looked at 

79 

isotopes can be used. 

Fig. 6.14 Executing coring with the Ackermann core on the BZN 10 site. 
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84

85

80 Walraven et al. 1996.
81

82

83

introduction and use of the anti-knock agent and the last 25 
years could be dated.80

could also be established.81 Sulphate reduction can cause 

sulphides. These will produce sulphuric acid, causing all kinds of 
82

»  To investigate the application of OSL dating in relation to 

evaluate the application of OSL dating to shipwrecks in a 

»  To date sand layers below, in and on top of a physically protec-
ted shipwreck. By accurately dating sand, in theory, the age of 

ship could give an indication as to when and how fast the ship 
was buried. If younger sand is found in or below a shipwreck, it is 

-

»  To test, underneath the wreck, the hypothesis that shipwrecks 

appears to be less consolidated than the hard Pleistocene 
subsurface.83

»

establish whether a site contains relatively undisturbed 

»  To investigate, above the wreck, the relative intactness of the 
site and, in the case of physically protected sites, to investigate 

Seven shipwrecks in the Wadden Sea have been physically 
protected in situ with polypropylene nets. These nets could be 

for the OSL dating.

6.6.2 Fieldwork and sample selection

84 These 
-

85 It 

Fig. 6.15 Position of the two Ackermann cores on the BZN 10 wreck site. 
Figure: RCE/MACHU project.

Fig. 6.16 The Ackermann core. Photo: Paul Voorthuis, Highzone 



9086

87

88

89

Unfortunately, the latter core did not hit the ship structure, but 
probably passed between two parts of the wreck, as parts of the 

6.6.3 Analyses

-

selected for full analysis.

seabed were not reliable for dating.86

the seventeenth century.87

the theory that wrecks in the Wadden Sea sink through the soft 

layer.88  

6.6.4 Grain sizes

89

90

related to the sinking of the ship (post-depositional processes). 
This would have caused lower water velocity and the deposition 
of sand, which buried the wreck. The grain-size distribution of 

-

0 2 4 6 8
Depth below sediment water interface

1200
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1600

1800

2000

O
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L 
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4m/100yr

0.3 m/100yr

Fig. 6.17 Depth vs age plot for core 9108. The plot shows two periods of 
rapid deposition (1300–1400 and 1650–1700). In the intervals between 
and after these periods, sedimentation rates were much lower and might 
even be erosional. Figure: RCE/MACHU project.



94 Meijer et al. 1996 (1), 1996 (2).
95

91

92

93

-

6.6.5 Geochemical patterns
The observed changes in grain-size distributions were also 

-
des (Ln),91

in this core. Such an increase can be brought about by sorting 

coincides with the in situ protection net. It is possible that the 

therefore indicative of erosion events.

were, however, very low and fell in the natural range for these 
-

under very low energy conditions. Only during events in which the 

radiogenic values (between 1.22 and 1.35), especially at the top. 
These values indicate the presence of the parent isotopes U and 
Th.92

93 which indicate the 

Wadden Islands.94

also known to contain high concentrations of U and Th, which 

95

levels of U and Th than quartz grains.

6.6.6 Summarizing the results

Fig. 6.18 Grain-size distribution for both cores (9108 and 9208). Figure: RCE/MACHU project.
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century (after 1321). RING
101 Whether these are shells of creatures that lived on the site or were transported 

96

97

98

99

100

results, full analyses were successful.96 

The OSL dates show that neither of the two cores reached the 
97

at a greater depth under the seabed surface. The sites deeper 

98

patterns for centuries, and are therefore likely to contain wrecks 
of high archaeological value.99

in the case in the eastern part of the Wadden Sea, which is 

dry at low tide.100 

These dates coincide with the age of the wreck. Below that level, 

101

the wreckage allows us to conclude that the protective layer in 

inventory still lie undisturbed in the wreck. This was already 
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Fig. 6.19 (A) Major element variations for both cores, (B) Indicator elements for heavy minerals in both cores, (C) Al normalized Pb and 206Pb/207Pb 
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104

105

106

107

102

purpose.
103

when parts of well-preserved cargo, inventory and ship were 

102

-

103 

It can be concluded that OSL can add to the understanding of 

The question here, however, is whether OSL is useful for 

-

polypropylene nets in the Wadden Sea, it also reveals that the 

104 -
tion of the wreck, action should be taken to reapply in situ 

recent sand particles can be dated, it can be used to evaluate 

been deposited over the longer period after wreckage. This 
-

ce of a site and also give an indication of the preservation 

isotopes. 

6.7 Wood analyses for baseline data and monitoring
-

inspected for growths, integrity of the construction, and also 
105  

-

106 If they are 

107
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111

112

108

109

110

108 

-

109 Wood 

110 

Density can also be assessed using cores taken in situ with an 

-

-
ting the density and subsequent water content of the wood, a 

111 

was part of the outer planking of the ship, while the pine plank 

the ship against attack by Teredo navalis.112 While the ship was in 
use, the outer double planking of pine would have been in 

Fig. 6.20 (A) Pilodyn, (B) Pilodyn as used under water. Photos: courtesy National Museum of Denmark. 

Fig. 6.21 The WP4UW equipment to measure the condition of wood 
under water. Photo: courtesy National Museum of Denmark/SASMAP 
project.

Fig. 6.22 The location of the sampled wood at the BZN 15 wreck site. 
Figure: M. Manders/BACPOLES Project. 
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119

120

121

122

113

114

115

116

117

118

below the oak planking.113

114 The wood 
115 

walls by erosion bacteria for both of the wrecks investigated on 
the Burgzand, the BZN 3 and 15, and both wood species, oak and 
pine.116 117 

The intensity of the degradation, however, varied.

tissue in the wood was rare. Sapwood, if present, was always 

118

thicker oak piles were severely degraded on the outside, while in 

consisted of sawn heartwood, but in all cases, wood degradation 

degraded than those surrounded by fresh water.119 

favourable to erosion bacteria than fresh water soil conditions. 

cog and the Vrouw Maria
120

121 

In relation to in situ protection of archaeological wood, it has also 

erosion bacteria.122

BZN 3 and 15, wood colonizing fungi was present throughout, 

Fig. 6.23 The location of the sampled wood at the BZN 3 wreck site. Figure: M. Manders/BACPOLES Project.
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131 See Section 3.1.
132

133

123

124

125

126

127

128

129

130

but no traces of the severely degrading soft rot was found.123 

was already present while the ships were still in use or whether 

known that soft rot occurs in ships even when they are still in 
use.124 

thus destroying the wood rapidly.125 

2
).126 This can cause 

severe degradation of the wood.127

6.8 Structuring the monitoring of a site

-

principles to standardize the process for this is indispensable. 

in the Netherlands, and the Wadden Sea in particular, baseline 

and thus not taken up as an inclusive task during the cultural 
128

was developed within the MoSS project could serve as a standard 

129 

-
wrecks outside of the Netherlands, it has not, however, been 

sites in the Netherlands itself.130 

131

to collect data were based on the deterioration of wood in the 

Monitoring protocols have been developed for terrestrial sites in 
the Netherlands as well.132

sites, either nationally or internationally. There are also no rules 

-

subsequent European projects and used for the wrecks on the 
Burgzand.133

-

Fig. 6.24 A monitoring plan, as developed for monitoring actions at the 
Cultural Heritage Agency of the Netherlands (RCE). Figure: M. Manders.
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schedule the work during low season and when passing the site on their way to or 

139

140

134

135

136

-

137

138

sion about whether this should be an overarching protocol for 
both terrestrial and underwater sites or whether these proto-
cols should be distinct.

-

threats, but also on how we have protected the site (what kind 

designated wreck sites.134

135

-

so. The consequences of these decisions, however, are clearly 
not being considered if there are no budgets for protection and 

that in situ preservation is not such a cheap option after all. This 

preserved and physically protected in situ. Only by acknowled-
ging this can solutions be found to control budgets. 

solutions, but strong selection and deselection procedures are 
also required.136 

137 -

-

138

is collected for all sorts of reasons but can also be used in 

In the Netherlands, including the Western Wadden Sea, baseline 

-

-

not always necessary to include data loggers, or the introduc-

greatest threats to cultural heritage, on the basis of which a risk 

sites.139

Netherlands overall. 

-

140
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143 Aanloop Molengat

144

141

142

listed below.

Monitoring BZN 10, 20091141

METHOD

Monitoring by diving

 
(no personnel costs included)
Ship rental with ROV facilities  
(no personnel costs included)

142

Table 6.2. Costs of monitoring BZN 10.

investigate underwater archaeological sites in the best possible 

underwater cultural heritage resources over a longer period of 

6.9 Conclusion
If in situ preservation is taken seriously, then preserving and 

change? Is the protection doing its job? Is further action needed? 

-

understanding of what is happening in the seabed, and OSL, grain 
-

projects, data has been collected with data loggers and labora-

which can be regarded as baseline data for all the wrecks in the 
Western Wadden Sea area. 

-

the Western Wadden Sea area investigated here, the Municipality 

invisible cultural heritage resource into their policy. 

143 This is not a 

144

this direction we should also start thinking about how to use 

past.
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7. Making underwater cultural heritage accessible to the public

6

7

preservation of well-preserved shipwrecks.

0

1

2

3

4

5 This should be one of the choices within a selection procedure. The selection 

7.1 Introduction

0

interest or desire to engage. Is there a way to avoid this? Is it 
possible to preserve in situ and still address the public interest? 

1

It has to be noted that not all wrecks undergo physical protection. 

2

3

physically stabilize a site.

heritage sites are assessed on their archaeological, historical or 
aesthetic value.4

5 

-
das.6 In this way, decisions can always be tracked and the process 

7 

like the aesthetics of a site and perhaps even the educational 

7.  Making underwater cultural heritage 
accessible to the public

Fig. 7.2 (A) Diving on the three WW1 British cruisers, the Aboukir, Cressy and Hogue in the North Sea. Photo: Cor Kuyvenhoven, (B) The three wrecks are 
also hotspots for biodiversity and, due to their popularity for sports diving, there is a lot of public involvement in their protection against looting and 
demolition for scrap metal. Figure: Foundation Duik de Noordzee Schoon.
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11

12

8

9

10 The Tudor ship, the Mary Rose

while leaving wrecks in situ. Leaving sites uncared for and 

Participation in the process of underwater cultural heritage 

awareness and acceptance of in situ policy.8

lead to the opening up of underwater sites for other groups, joint 

and underwater cultural heritage, especially those sites that are 

several ways to bring in situ preserved sites to the public will be 
presented and discussed. 

7.2 Museums and sites preserved in situ
In general, the preference for keeping archaeological sites on the 

9 To tell their stories 

sides: creating awareness is the best way to ensure the protec-
tion of underwater cultural heritage, while the people reached 

Mary Rose

10 The Vasa is, with at 

11

bringing either the visitor physically to the site or the site virtually 

building.

Fig. 7.3 The Vasa Museum is the most visited museum in the whole of Scandinavia. Photo: Anneli Karlsson, the Swedish National Maritime Museums.
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16

17

-

Baltic Sea, the Underwater Shipwreck Discovery Trail, developed by the Victoria 

18

19

trail, which enables diving around the Great Lakes of the United States. See http://

13

14

15

-

7.3 Bringing visitors to the site

protection of underwater cultural heritage.12

13 It is, therefore, 

countries, including the Netherlands, underwater archaeology 

-

14 

Restrictions in access to underwater sites, as a result of either 
-

to create greater access to underwater archaeological sites.15

have been created.16 

has also been an increase in individual sites being opened to the 
public.17

Underwater heritage trails are discovery routes encouraging the 
18 The develop-

19

Fig. 7.4 Amateur archaeologists of LWAOW preparing for a dive on one of 
the wrecks in the Oostvoornsemeer. Photo: M. Manders.



Preserving a layered history of the Western Wadden Sea

22

23

20

21

Underwater trails or site visits can be educational and perhaps 
they also should be. Visitors should have the feeling they have 

20 The 

physically covered and closed to the public. Therefore, the 

about which stories are recounted, stories of particular ships 

than to only be able to look or read about it. 

The initiatives to visualize underwater areas, such as the develop-

the larger geographical area and to visualize this for a larger 
stakeholder group.21

think of a trail of the Dutch Golden Era in the Wadden Sea, for 

an interesting story and all recognized stepping stones in this 

challenge.22
23 

Fig. 7.5 The shipwrecks in the Western Wadden Sea are also interesting objects that could be presented to a larger public in book form accompanied by a 
map that can be taken along when biking on the island or sailing on the Burgzand. Figure: courtesy Uniepers Uitgevers/RCE.
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28

29

30 Gustav Adolf
31 -

32

33 GPS positioning for archaeological sites is available for cities such as Split and Nice 

tourists, whether in a boat on the surface or under water.

24

used by the Dutch navy to project side scan sonar pictures (high-frequency sound 

25

-

ry shipwreck de Melkmeid

early stages. 
26 -

27

-

projections on the interior of the glass.24 The potential for 

while the actual shipwreck lies before you on the seabed.25 This 

internet26

provoking discussion while still on site, or asking others to identify 

position of the diver, even in bad visibility can also be obtained.27 

taken underwater28

29 

-
tion for divers available on the regular internet and in books, and 

30 

Non-divers can also participate by visiting shallow sites in clear 

boats.31 This, however, is not really an option in the Western 
Wadden Sea due to poor visibility and the depth of the wrecks. 

heritage while sailing in the area or travelling near the coast, for 

-
ter archaeological sites in the vicinity.32 -

deployed for sites under water.33

Fig. 7.6 A water resistant site map to bring to the site of the wreck of the Kronprins Gustav Adolf (1788) in Finland. . Site map, courtesy National Board of 
Antiquities, Finland. Photo: M. Manders.
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ensures that cultural heritage is taken into account in infrastructural works under 

42

43

44

objects, according to http://www.bankgiroloterij.nl/goede-doelen/het-scheepvaart-

45

34 100 x Texel Maritiem

water. 
35

36

37 -

38

39

40

41

trails can also be set out on land, overlooking the sea, with 
34 

7.4 Bringing the site to the people

souvenir hunting.35

and its contents are displayed together, as is the case for the 
Vasa.36

-

37 The new Guangdong 

38 

-

planned be constructed.39

and thus ensure public access. In a sense, this could be regarded 

40

In certain cases, however, sites lack artefacts or are inaccessible 

-
-

-
-

41 When this 

practice.42

display.43

-

44 

instead belong to the State, as is the case in the Netherlands.45 

archaeological research in central archaeological depots are 
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49

50

51

52 Amsterdam

was inactive.
53

46

cultural heritage data through Europeana (http://www.europeana.eu/, accessed 

47

48

of objects are connected to a site or other salvaged objects, in 

With new techniques and the urge to digitalize and present 
46 

-

each other and the site itself, and to targeting those who cannot 
47 

48 even odours can be added, vividly recreating the 

49 The photographic aids to 
digitalize shipwrecks in 3D and subsequent printing of the site in 

educational purposes.50

objects.51

this respect as well.52 

-
53
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during its original broadcast. 
56

57

58

59

54

55 -

-

54 

55 This situation can be reversed through the contrac-
-

ble.56 One possible way of breaking this vicious circle is for the 
organizations involved to join initiatives on centralized archaeolo-
gical pages.57

they are in, the history of the place and general historical facts will 
put the individual sites in perspective and also add to the 

58 This 
connection of underwater sites (including the individual objects) 

59

Fig. 7.8 A thirteenth-century grenade in a display case with various 
animated images projected on the glass screen. Kyushu National 
Museum, Japan. Photo: M. Manders. 
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60

7.5 Conclusion

need to invest in new ways and techniques to provide new and 

protection of underwater cultural heritage: the sports diver. With 
the introduction of new visualization techniques, the challenge is 

awareness of the richness of our underwater cultural resource 

awareness and acceptance of the in situ policy needs to be 
created not only through a top-down or deductive approach, but 

which not only addresses other stakeholders but works with 

responsibility.60 

Fig. 7.9 Kinetic 3D experiences diving around the Vrouw Maria (1771), a Dutch ship lying in Finnish waters. The Maritime Museum of Finland in Kottka. 
Photo: courtesy Maritime Museum Finland/NBA.

Fig. 7.10: A simple way to impart information about underwater cultural 
heritage found in an area is to place information boards on the shore. This 
was an idea suggested for the Oostvoornsemeer (Lake Oostvoorne), but 
could also be used in Texel. Figure: T. Coenen/RCE.
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8.1 Summary

concern the abundance of underwater cultural heritage (as 

to an underwater site.

found on and in the seabeds of the world. This also regularly 
occurs in the Western Wadden Sea area. The potential of these 
new sites is high. Usually when they are found, they are already at 

-

-

action.

This involves physical protection of archaeological sites, as well 

and 6. Protection is the preferred way of dealing with sites in the 

clear purpose and goal. We need to understand why we are 

-
stances. The best way to develop new techniques and ideas is to 

value as well as for biodiversity reasons and/or for the recreatio-

needed. This decision should be based on reliable data and with 

-

-

site for future generations, the nation, region or location and the 

budgets are needed to create and to sustain such a well-suppor-

8. Conclusion
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situ preservation has been generally thought of as a panacea in 

future research. In other words, for later, later and later. This has 

-
pation of in situ protection as part of underwater cultural heritage 

have an accepted place on the political level. Law has also 

-
-

vation to be or what it should be. It is either considered a cheaper 

Telling the real story about the costs of in situ protection, that 
there is a need for follow up, or that it is not a solution for eternity, 

in preservation in situ, or pointing out to others their responsibi-

Netherlands. This will increase the need for the national govern-

the physical sites, or by using new technologies, as described in 

8.2 Answering the research questions

answers to the research questions developed at the start of this 

If possible, how can we gain insight into the presence 
of underwater cultural heritage and of maritime 
underwater heritage, in particular, in the Western 
Wadden Sea? 

known underwater cultural heritage in an area. There are, 

the locations known on the Dutch seabeds, showed that there 

-

-

that the accurate location of each site is not known. 

The underwater cultural heritage, however, not only consists of 

sites are hidden under the seabed surface. Techniques are 
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cultural heritage is another question. This depends on what 
society thinks is worth preserving and what we want to use it for. 

of this thesis to answer this latter question.

those archaeological or other sites that have been discovered 
already (known resources). We can predict the chances of cultural 

-

for their own use. This has been going on for centuries. If we want 

threats present or predicted. These choices will have to be based 

By understanding the place and its geological and cultural genesis 

To gain better insight into the known and the unknown (predic-

possible to gain an understanding of the biography of the 
-

Service and the Ministry of Infrastructure and Water 

-
logy databases that are known for the Western Wadden Sea area, 

-

area. 

this potential. Roughly between Vogelzwin and Vaarwater naar de 

-
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of being uncovered and degraded by erosion and subsequently 

If possible, how can we develop an approach to co-
create this knowledge by means of desktop research 
that can serve as a basis for heritage management?

-

-

asset in gaining a thorough understanding of the history and 

thing to do, as we have seen above. There is a lot of data available 

the lowest quality data set included. 

-

owner, and also the accuracy of the data.

Being able to add other data sets provides variability in the 
analyses. While the basic set of data provides the essential 

-
-

knowledge of the archaeology and heritage of the Western 

the objective data. Insights into what has happened in the past 

better identify the gaps in our present knowledge. These gaps 

added to national and international research agendas. 

-

collected, when it was collected, the original purpose of the data, 
the reason for the collection and the processing that the data set 

-
ted for the various periods. 

-
-
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Shipwrecks are often found by accident. How can the 
chances of finding them be better predicted? 

-

the areas dredged or eroded down to the Pleistocene) and those 

when work is already underway. Nevertheless, shipwrecks 

We need, however, to start acknowledging that it is possible to 

-

all areas of water in the Netherlands, as if there was nothing there 

were taken into account to predict the presence of prehistoric 

possible presence and, therefore, also richness of the underwater 

Nevertheless, potential and known underwater heritage is still not 

heritage policy. In the past, neglect of underwater cultural 

Moreover, desk-based research and pre-disturbance surveys 
have often not taken place before seabed disturbance occurred. 

-

-

fact that when underwater sites are discovered it is usually by 

when a site is discovered during a construction project that is 
already under way. 

be accepted and acknowledged. We now have the capacity to 

predictions. Therefore, although often found by accident, 

How is it possible to preserve ‘unknown resources’ 

-
ward as it sounds. 
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should acknowledge that this protection strategy concerns the 

we thought it would be. Many areas in which there is a high 

require the application and recognition of law, ensuring that no 

seabed disturbance. 

What is threatening the shipwrecks in the Western 
Wadden Sea?

Mechanical deterioration

shipwrecks. On a larger scale, it is apparent that currents and 

seabed. Gullies, tidal channels and sandbanks change place and 

under threat. These areas are the Burgzand, Vogelzand, Scheer, 

century before this occurs. 

The obstruction of currents by the wreck itself causes local eddy 
currents that can cause scour and erosion pits in and around the 

part of the area is already slowing down and there are also signs 

sites. 

Biological deterioration
Biological deterioration on wooden shipwrecks is a continuous 

which can cause rapid deterioration, are active, while in less 

is ongoing and bacteria can be active. The speed of deterioration, 
however, changes. In the Western Wadden Sea, deterioration 
caused by Teredo navalis

of deterioration of wood. 

Chemical deterioration

Wadden Sea is that of corrosion. This process is especially active 

conserved. The results of this process have been noted in large 
conservation projects such as that of the Vasa and the Mary Rose 

seabed, of which we have no full overview as yet. 

Anthropogenic threat

threats are direct and obvious, such as in the case of looting, 

decades or even centuries, or in a slow continuous process that 

-
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lack of interest in this resource, which can lead to its neglect. 

Management of threats

-

-

Erosion, in particular, is a big threat in the Wadden Sea. This 

protection as well. By catching suspended sand particles with nets 

-
ter cultural heritage over decades or even hundreds of years. 

for underwater cultural heritage is the fact that it is not, or is 

advantages of having such a rich resource of the past within 

disturbed or destroyed an underwater archaeological site. The 

-

deterioration processes. Moreover, if this knowledge is taken into 

activities, the initial disturber could be required to allocate funds 

Deterioration processes are abundant in the Western Wadden 

heritage on the one hand, but when protected well (by either 

conditions. The variety of threats and the use value of the wrecks 

-

-
wrecks. The discovery of the Westerveld 2 wreck near Vlieland 

to take action after discovery occurs.1 

1
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Is in situ preservation a panacea for underwater 
cultural heritage management in general? What are 
the alternatives?

archaeology has been on in situ preservation and the develop-

In situ preservation is not a panacea for underwater cultural 

often costly, activities to be undertaken, is one option out of 

feasible to leave a wreck on the seabed due to the heavy and 
rapid deterioration processes or construction work that has to be 
done. Even if we leave wrecks on the seabed, deterioration is 
continuous. The choice to leave a wreck in situ depends on what 

-
tion is not always the right solution.

planners and nature conservationists (or developers) are also 

view of what we would like to achieve. Underwater cultural 

and responsibility for a site. Very often this is shared. The owner 

doing what, or responsible for what, and to subsequently agree 

underwater cultural heritage, a plan that includes a budget for 

-

the protection of natural and cultural values in a restricted area 
and creating favourable situations for this. 

high priority to in situ preservation, we should have the funds to 

locations to learn about our past. 
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Is in situ preservation the solution for cultural heritage 
management in the Western Wadden Sea? What are 
the alternatives?

-

wreck, the BZN 3, is still well protected after all these decades, 
while the physical protection placed on other wrecks in the 

known and unknown archaeological sites in the seabed. We also 

include the outstanding cultural values of the Wadden Sea into its 

-
nent responsibility that needs to be taken up. Synergy between 
natural heritage protection, cultural heritage protection, 

underwater archaeologists for the (Western) Wadden Sea area 
should be established. Sharing the responsibility in this way would 

essence of the Wadden Sea today. In other words, it is largely 
created and cultivated by society and its needs, and is therefore 
to be highly regarded in all its cultural value. 

Regarding the techniques for physical protection of sites in situ 

since. Moreover, in instances of reburial there was no pre-reburial 

way if it needs to be protected for future research, or in another 
way if it is to be enjoyed by sports divers. The protection of 
underwater archaeological sites will always be, in part, individually 

assigned to a wreck, and the various wishes and needs of the 
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without the support of several stakeholder groups there will not 

Underwater sites should be opened to the public through 

bring the sites to the people and the people to the sites. 

Reaching large groups of new people in order to increase 

ensure that awareness of the richness of our underwater cultural 

shared responsibility. 

past that is present on and in the seabed. This is due to the 

witnesses onshore. The entire Wadden Sea area in fact repre-

not yet led to the inclusion of outstanding cultural heritage values 

would not be surprising if in a few years this is set right. The area 

Wadden Sea itself but also in the adjacent North Sea. The 
Wadden Sea has been a central place for trade, a food resource 

traditions and stories, but also through the only objective 

8.3 Final word

question:

How can we manage the underwater cultural resource? 

case basis, proactively rather than reactively. What we know 

fraction of what is present in the area. The value of each site can 

society want to preserve for the future. Sites need, therefore, to 
be connected to that society, and all the individual sites connec-

Managing underwater cultural heritage can be and often is 

balanced. If there are no inventories or surveys, there will be no 

knowledge and no well-founded decisions about what to keep 

building of knowledge. This knowledge is, in turn, the basis of 

to occur is fair and open, the decision will have results that last. 

archaeologists possible, and also between divers and non-divers, 

because, in the end, awareness-raising, respect and understan-
ding are the key to ensuring the future of our underwater cultural 
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in situ beheer niet direct een goedkope optie kan 

ook niet goedkoop. 

In situ
stappen in het archeologisch erfgoedbeheer waarin we het 
erfgoed beschouwen als een bron van kennis over het verleden, 

we dat doen, voor wie en voor hoe lang. Dit betekent ook dat we 

-
veaus plaatsvinden. 

erosie en andere degradatieprocessen. In situ

ten prooi vallen aan allerlei degradatieprocessen. In plaats van op 
vindplaatsniveau zouden we hele gebieden aan kunnen wijzen als 
potentieel belangrijk. Gebiedsgewijze aanpak heeft als voordeel 

en de rol die het gebied in de cultuur speelt en heeft gespeeld. 
Ook dit zou aantrekkelijk kunnen zijn voor regionale overheden. 

kunnen beheren. Daarvoor is geld en draagvlak nodig. Draagvlak 

brengen zonder het in eerste instantie op te graven, door onder 
andere het gebruik van de nieuwste digitale technieken. We 
kunnen ook het publiek naar de vindplaats brengen zonder hen 

doen, dan kunnen we ervoor zorgen dat deze bezoekers er iets 
van opsteken en kunnen genieten door hen (op de plaats) van 

een groter draagvlak voor een beheer waarin in situ

Samenvatting
De gelaagde geschiedenis van de Westelijke Waddenzee. Hoe we het onderwater cultureel erfgoed kunnen behouden.

andere kades, bruggen en vooral veel scheepswrakken - wordt 

erfgoed is voor velen onzichtbaar en veelal geldt dan ook de 

-

-

van bijzondere vindplaatsen. Dit is voor de Westelijke Waddenzee 
uitvoerig getest. Bekende voorraad (de vindplaatsen die al bekend 

bedreigingen, geologische gelaagdheid en het gebruik door de 

veel processen die het erfgoed bedreigen. We kunnen de 

waarde te doen, willen we ervan genieten, of is het ook een plek 
van herinnering? 

in situ 
-

lende redenen en voor verschillende lengtes van perioden. Dat 

kunnen en willen doen. Vaak wordt het in situ beheer aangehaald 
als een goedkopere optie. Wanneer we het beheer echter op een 

in situ beheer hoort ook een 
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