
v

List of Figures..................................................................................................................................................................... ix
List of Tables........................................................................................................................................................................ x
Preface��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� xi

1.	 Towards an analysis of ancient navigation in the Circle of the Strait of Gibraltar............................................... 1
	 Soledad Solana Rubio and Felipe Cerezo Andreo

1. Introduction: The Strait of Gibraltar.......................................................................................................................... 1
1.1. The Circle of the Strait ...................................................................................................................................... 1

2. Objectives and Methodology..................................................................................................................................... 3
3. Archaeological Data from Bibliographical and Historiographical Review .............................................................. 4

3.1. Comprehensive Research................................................................................................................................... 4
3.2. Regional Research............................................................................................................................................. 4
3.3. Ancient Underwater Archaeological Sites in the Strait of Gibraltar.................................................................. 9

4. Discussion.................................................................................................................................................................. 9
4.1. Some Issues Concerning the Interpretation of Data........................................................................................ 18

5. Conclusions.............................................................................................................................................................. 20
5.1. The Synergy Between Research and Enhancement......................................................................................... 20

Acknowledgements...................................................................................................................................................... 21
Bibliography................................................................................................................................................................ 21

2.	 An Archaeology of Homeric Sirens: Mythology and Maritime Navigation in the Graeco-Roman World....... 27
	 Mieke Kassulke

1. Introduction ............................................................................................................................................................. 27
2. The Sirens as a Case Study...................................................................................................................................... 27
3. Maritime Navigation in the Classical World........................................................................................................... 29

3.1 Headlands, Straits, and Offshore Islands.......................................................................................................... 29
3.2 Navigation and Cosmology............................................................................................................................... 30

4. Where Poetry meets Ancient Seafaring .................................................................................................................. 31
4.1. Circe’s Onward Sailing Instructions................................................................................................................ 31
4.2. Odysseus Warns His Crew .............................................................................................................................. 32
4.3. Odysseus Encounters the Sirens ..................................................................................................................... 33

5. Archaeology and Conclusion................................................................................................................................... 34
Bibliography................................................................................................................................................................ 35
Classical Sources Reference Index........................................................................................................................... 35

3. 	 The Heritage Management of Traditional Working Boats in the Maltese Context: A Case Study  
of the Firilla and Dgħajsa tal-Latini......................................................................................................................... 39

	 Julia Zerafa
1. The Maltese Islands................................................................................................................................................. 39
2. Aim and Method...................................................................................................................................................... 40
3. The Traditional Boats of Malta................................................................................................................................ 41

3.1 Studies on Traditional Boats............................................................................................................................. 43
4. Heritage Management of Boats............................................................................................................................... 43

4.1 Appraising the Heritage Value of Traditional Boats......................................................................................... 43
4.2 Heritage Management Approaches for Historic and Traditional Boats............................................................ 44
4.3 Local Legislation, Schemes and Grants............................................................................................................ 44
4.4 Current Heritage Management Initiatives ........................................................................................................ 45

5. The Firilla................................................................................................................................................................ 46
5.1 The Firilla in Context........................................................................................................................................ 46
5.2 Remaining Sources of Evidence....................................................................................................................... 47
5.3 Heritage Values of the Firilla............................................................................................................................ 48
5.4 Current Situation............................................................................................................................................... 48

6. The Dgħajsa tal-Latini............................................................................................................................................. 49

Contents



vi

Maritime Archaeology Research Exchange (M.A.R.E.)

6.1 The Dgħajsa tal-Latini in Context..................................................................................................................... 49
6.2 Remaining Sources of Evidence....................................................................................................................... 50
6.3 Heritage Values of the Dgħajsa tal-Latini......................................................................................................... 51
6.4 Current Situation............................................................................................................................................... 52

7. Case Study Results.................................................................................................................................................. 52
7.1 Heritage Management Options ........................................................................................................................ 52
7.2 Applying Results to other Maltese Traditional Watercraft................................................................................ 53

8. Conclusion............................................................................................................................................................... 53
Acknowledgements...................................................................................................................................................... 54
Bibliography................................................................................................................................................................ 54

4. 	 Knossos-Thera-Melos: Some Thoughts on a possible Bronze Age Aegean Sailing Ring.................................... 57
	 Angiolo Querci

1. Introduction.............................................................................................................................................................. 57
2. Akrotiri, Phylakopi and their Contacts with Knossos: a Brief Overview................................................................ 59
3. The Ships................................................................................................................................................................. 59
4. Climatic Conditions................................................................................................................................................. 60
5. The “Southwestern Ring”........................................................................................................................................ 62
6. Conclusions.............................................................................................................................................................. 64
Bibliography................................................................................................................................................................ 65

5. 	 From Discovery to Display. The wreck Portiței A / A Roman Empties Transporter off the  
Black Sea Coast of Romania..................................................................................................................................... 67

	 Max Fiederling, Thomas Simeth, Felix Moser
1. The Discovery of the Wreck and the Research Project........................................................................................... 67
2.1 A 3D Reconstruction Proposal of the Ship............................................................................................................ 69
2.2 The Mobile Augmented Reality Exhibition Guide “ISTROS” / Analysis and Evaluation ................................... 70
3.1 Physical Exhibition................................................................................................................................................ 70
3.2 Technical System Design....................................................................................................................................... 71
4.1 Technical Considerations....................................................................................................................................... 72
4.2 App Structure......................................................................................................................................................... 72
4.3 AR Scenes.............................................................................................................................................................. 73
4.4 3D Ship Reconstruction Proposal in AR............................................................................................................... 75
4.5 App Usage Evaluation........................................................................................................................................... 75
Bibliography................................................................................................................................................................ 77

6. 	 Underwater Photogrammetry and VRTI Techniques at the Submerged “Qaitbay Fort” Site of  
Alexandria................................................................................................................................................................... 79

	 Mohamed Abdelaziz and Mohamed Elsayed
1. Introduction.............................................................................................................................................................. 79
2. Underwater Excavations from 1994 to Today and Documentation Context........................................................... 79
3. Methods and Techniques of Data Acquisition......................................................................................................... 80

3.1. Equipment and Materials................................................................................................................................. 81
3.2. Data Acquisition............................................................................................................................................... 81
3.3 Photography...................................................................................................................................................... 82
3.4. Georeferencing................................................................................................................................................. 82

4. Data Processing....................................................................................................................................................... 82
4.1. The Metashape Software (formerly Photoscan).............................................................................................. 83
4.2. Building a Dense Point Cloud and Mesh with low Computer Capability....................................................... 84
4.3. Workflow.......................................................................................................................................................... 84
4.4. Orthophotos and Digital Elevation Model (DEM).......................................................................................... 84
4.5. Conclusion ...................................................................................................................................................... 84

5. The Virtual Reflectance Transformation Imaging (VRTI): Application on Two 3D Models of Red  
Granite Bases of Statues Still Underwater .................................................................................................................. 85

5.1. Workflow.......................................................................................................................................................... 88
5.2. Processing Pipeline.......................................................................................................................................... 88

Acknowledgements...................................................................................................................................................... 88
Bibliography................................................................................................................................................................ 88



vii

Contents

7. 	 Into the Bowels of a Ship. The Evolution of the Mast-step in the Mediterranean (7th century BCE– 
3rd century CE): A Structural and Functional Analysis........................................................................................ 91

	 Georgia-Dimitra Kyriakou
1. Introduction.............................................................................................................................................................. 91

1.1 Archaic Period (700–480 BCE)........................................................................................................................ 93
1.2 Classical Period (480–323 BCE)...................................................................................................................... 94
1.3 Hellenistic Period (323–50 BCE)..................................................................................................................... 94
1.4 Roman Period (50 BCE – 3rd century CE)....................................................................................................... 95

2. Mast-Step and Keelson ......................................................................................................................................... 100
3. Sister-Keelsons...................................................................................................................................................... 100
4. Discussion.............................................................................................................................................................. 101

4.1 Systems of Placement .................................................................................................................................... 101
4.1.1 First type ................................................................................................................................................ 101
4.1.2 Second type............................................................................................................................................. 101
4.1.3 Third type................................................................................................................................................ 102

4.2 Position into the Hull ..................................................................................................................................... 103
4.3 Movable Mast-Steps?...................................................................................................................................... 103
4.4 The Main and the Adjacent Cavities............................................................................................................... 104

5. The Mast, the Mast-Step and the Mast Partners.................................................................................................... 105
6. Mast Partners......................................................................................................................................................... 106
7. Conclusions............................................................................................................................................................ 106
Bibliography.............................................................................................................................................................. 108

8. 	 Health and Disease on Roman Ships Sources and Proxies for the Health Biographies of Sailors and Maritime 
Workers in the Roman Mediterranean.................................................................................................................. 113

	 Pascal Hoffmann
1. Introduction............................................................................................................................................................ 113
2. Sources................................................................................................................................................................... 114
3. Effects of Physical Labour and Permanent Damages............................................................................................ 115

3.1 Sway and Vibration......................................................................................................................................... 115
3.2 Injuries............................................................................................................................................................ 115
3.3 Specific Physiognomy and Effects of Long-term Maritime Activity............................................................. 116
3.4 Diet, Insufficiencies and Toxins...................................................................................................................... 119
3.5 Nutritional Intake............................................................................................................................................ 119
3.6 Toxins.............................................................................................................................................................. 120
3.7 Diseases and Parasites .................................................................................................................................... 120

4. Other Hazards........................................................................................................................................................ 121
4.1 Warfare & Crime............................................................................................................................................. 121
4.2 Fire.................................................................................................................................................................. 122
4.3 General Nautical Hazards............................................................................................................................... 123

5. Concluding Remarks............................................................................................................................................. 124
Acknowledgments..................................................................................................................................................... 126
Bibliography.............................................................................................................................................................. 126


	Cover
	Title page
	Copyright page
	Of Related Interest
	Contents
	List of Figures
	List of Tables
	Preface
	1. Towards an analysis of ancient navigation in the Circle of the Strait of Gibraltar
	Abstract 
	1. Introduction: The Strait of Gibraltar
	1.1. The Circle of the Strait 

	2. Objectives and Methodology
	3. Archaeological Data from Bibliographical and Historiographical Review 
	3.1. Comprehensive Research
	3.2. Regional Research
	3.3. Ancient Underwater Archaeological Sites in the Strait of Gibraltar

	4. Discussion
	4.1. Some Issues Concerning the Interpretation of Data

	5. Conclusions
	5.1. The Synergy Between Research and Enhancement

	Acknowledgements
	Bibliography

	2. An Archaeology of Homeric Sirens: Mythology and Maritime Navigation in the Graeco-Roman World
	Abstract
	1. Introduction 
	2. The Sirens as a Case Study
	3. Maritime Navigation in the Classical World
	3.1 Headlands, Straits, and Offshore Islands
	3.2 Navigation and Cosmology

	4. Where Poetry meets Ancient Seafaring 
	4.1. Circe’s Onward Sailing Instructions
	4.2. Odysseus Warns His Crew 
	4.3. Odysseus Encounters the Sirens 

	5. Archaeology and Conclusion
	
Bibliography
	Classical Sources Reference Index

	3. The Heritage Management of Traditional Working Boats in the Maltese Context: A Case Study of the Firilla and Dgħajsa tal-Latini
	Abstract
	Terminology
	1. The Maltese Islands
	2. Aim and Method
	3. The Traditional Boats of Malta
	3.1 Studies on Traditional Boats

	4. Heritage Management of Boats
	4.1 Appraising the Heritage Value of Traditional Boats
	4.2 Heritage Management Approaches for Historic and Traditional Boats
	4.3 Local Legislation, Schemes and Grants
	4.4 Current Heritage Management Initiatives 

	5. The Firilla
	5.1 The Firilla in Context
	5.2 Remaining Sources of Evidence
	5.3 Heritage Values of the Firilla
	5.4 Current Situation

	6. The Dgħajsa tal-Latini
	6.1 The Dgħajsa tal-Latini in Context
	6.2 Remaining Sources of Evidence
	6.3 Heritage Values of the Dgħajsa tal-Latini
	6.4 Current Situation

	7. Case Study Results
	7.1 Heritage Management Options 
	7.2 Applying Results to other Maltese Traditional Watercraft

	8. Conclusion
	Acknowledgements
	Bibliography

	4. Knossos-Thera-Melos: Some Thoughts on a possible Bronze Age Aegean Sailing Ring
	Abstract
	1. Introduction
	2. Akrotiri, Phylakopi and their Contacts with Knossos: a Brief Overview
	3. The Ships
	4. Climatic Conditions
	5. The “Southwestern Ring”
	6. Conclusions
	Bibliography

	5. From Discovery to Display: The wreck Portiței A / A Roman Empties Transporter off the Black Sea Coast of Romania
	Abstract
	1. The Discovery of the Wreck and the Research Project
	2.1 A 3D Reconstruction Proposal of the Ship
	2.2 The Mobile Augmented Reality Exhibition Guide “ISTROS” / Analysis and Evaluation 
	3.1 Physical Exhibition
	3.2 Technical System Design
	4.1 Technical Considerations
	4.2 App Structure
	4.3 AR Scenes
	4.4 3D Ship Reconstruction Proposal in AR
	4.5 App Usage Evaluation
	Bibliography

	6. Underwater Photogrammetry and VRTI Techniques at the Submerged “Qaitbay Fort” Site of Alexandria
	Abstract 
	1. Introduction
	2. Underwater Excavations from 1994 to Today and Documentation Context
	3. Methods and Techniques of Data Acquisition
	3.1. Equipment and Materials
	3.2. Data Acquisition
	3.3 Photography
	3.4. Georeferencing

	4. Data Processing
	4.1. The Metashape Software (formerly Photoscan)
	4.2. Building a Dense Point Cloud and Mesh with low Computer Capability
	4.3. Workflow
	4.4. Orthophotos and Digital Elevation Model (DEM)
	4.5. Conclusion 

	5. The Virtual Reflectance Transformation Imaging (VRTI): Application on Two 3D Models of Red Granite Bases of Statues Still Underwater 
	5.1. Workflow
	5.2. Processing Pipeline

	Acknowledgements
	Bibliography

	7. Into the Bowels of a Ship. 
	Abstract
	1. Introduction
	1.1 Archaic Period (700–480 BCE)
	1.2 Classical Period (480–323 BCE)
	1.3 Hellenistic Period (323–50 BCE)
	1.4 Roman Period (50 BCE – 3rd century CE)

	2. Mast-Step and Keelson 
	3. Sister-Keelsons
	4. Discussion
	4.1 Systems of Placement 
	4.1.1 First type 
	4.1.2 Second type
	4.1.3 Third type

	4.2 Position into the Hull 
	4.3 Movable Mast-Steps?
	4.4 The Main and the Adjacent Cavities

	5. The Mast, the Mast-Step and the Mast Partners
	6. Mast Partners
	7. Conclusions
	Bibliography

	8. Health and Disease on Roman Ships: Sources and Proxies for the Health Biographies of Sailors and Maritime Workers in the Roman Mediterranean
	Abstract 
	1. Introduction
	2. Sources
	3. Effects of Physical Labour and Permanent Damages
	3.1 Sway and Vibration
	3.2 Injuries
	3.3 Specific Physiognomy and Effects of Long-term Maritime Activity
	3.4 Diet, Insufficiencies and Toxins
	3.5 Nutritional Intake
	3.6 Toxins
	3.7 Diseases and Parasites 

	4. Other Hazards
	4.1 Warfare & Crime
	4.2 Fire
	4.3 General Nautical Hazards

	5. Concluding Remarks
	Acknowledgments
	Bibliography

	Back cover



